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 a substrate for
electrical interconnect of FiPoP. Background of the Invention Semiconductor devices are

commonly fo G ACRNRERTER cRBNE S obHEsME EHRC Rl T BE AR m&lﬂ“ﬁ%lﬁﬁ&?%d density of
electrical com&fﬁ‘éﬁg SECRYPEE dﬂgﬁr%ﬁ%ﬁgrg%?@&lvm& tyBE dt Eéthcal

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, mlcr%proieass%s (i{\arggc‘i,—gggglgg devices (CODs), solar cells, and
digital micro-mirror

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 a substrate for electrical interconnect of Fi-

PoP.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-

coupled devices (CCDs), solar cells, and digital micro-mirror



devices (DMDs).

Semiconductor devices perform a wide range of functions, such as high-speed

calculations, transmitting and receiving electromagnetic signals, controlling electronic devices,
transforming sunlight to electricity, and creating visual projections for television displays. Semiconductor
devices are found in the fields of entertainment, communications, power conversion, networks,
computers, and consumer {)roducts. Semiconductor devices are also found in military applications,

r

aviation, a6tohrétive MEUS

ral controllers, and office equipment. Semiconductor devices exploit

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

through th8procedsor dbping. Toping intrddftices fTnphites-ihtd fire SEARORAGEDT hatéfial to
manipulate aad controktheconsivgtvityrafdhe sgnucenductertdeyiceing eledk semiconductor device
contains active and passive electrjcal strucﬁure : Active?iltructures,, including bigolar and field effect

transistorsS ontrel the fIRRSdIB et darctit

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

field or basesaurrenty theetransistor idherpromates on restretsdhe flowsefrelectridalcistent. Passive

devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and

consumer products. Semiconductor devices are also found in

military applications, aviation, automotive, industrial

controllers, and office equipment.

Semiconductor devices exploit the electrical

properties of semiconductor materials. The atomic structure of

semiconductor material allows its electrical conductivity to be

manipulated by the application of an electric field or base

current or through the process of doping. Doping introduces

impurities into the semiconductor material to manipulate and

control the conductivity of the semiconductor device.

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

calculations and other useful functions.



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 hun@Feds S8tEpS Frdftlénd tnaftadttnfg VELRB B ARSI oFS pltfality of die
on the surfase efa-semicandugtar wafer Eagh slieisdypically, identiealand-eentains circuits formed by
electrically connecting active and passive components. Back-end manufacturing involves singulating
individual GiRHSH tHE fiRiZhed WhiBF&Kd pACkAGIRG IR Gie o Froviae Srut el Sugpért and
environmestal isolatian; hundrd3re goalsafaemiconduatiormanufacturng-isio produce,smaker
semicondtéctor devices, Smaller devices t;(picall% onsume Iessppower, have hgper performance, and can

be produc8d niste &ticighty” in AdHitivh2shaller’dericondlictbr delides have A'srmaller footprint, which is
desirablefonsmatianend products: A smatler diessizes maydie-adHigvediby trpeavements in the front-end

process resulging in die with smallter, higher densijty active an assive cqcm%onent%..Back-elad processes
?Ol’l arIns Cdl.r%U.l&S. ormgk b e.sil!hc rlCir’:l 8PCOl’ll’]beC. 1 % actilve. ari .

may resultin semiconductor device packages with a smaller fgotprint by improvementsin eléctrical

interconnegtion eadpackagingtmateridfsck—end e manycpplications) wids desirabhedo stackna plurality

of semicanguctar. e pvet one angthy 1o for 2 stacked.semicqnductor package, Howewer, stacking
semiconductor die also increases the overall size and thickness 0 e senmiconductor package. For

exa}r_nple;gnq)ai;@ag@§im:ﬂidﬁrr@ﬂhr_ee}wmﬁreas}dc@dvmepmeqymﬂ(hgéﬁeqw@svseveral s_ubstrates to
facilitate the formation of elegtical intercopnections hetwegn each of the sgmiconducior die, Jn

conventional packages, for example, three substrates are often required when forming fan-in
package-9nagdekageqFi-PoP) patkaygetsioifonn the heeddsary éornectionsietween fop, middle, and

bottom die., Evendf ane;substrate is ysed, the dig mounted.ta.opposite sides.of the substiate ingrease
package thickness and lengthen propagation paths which degrades electrical performance. Summary of
the Inverifiehe efficiently. 1In addition, smaller semiconductor devices

have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in
the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

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



A need exists to electrically interconnect stacked 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 first substrate including a cavity formed in the first substrate, providing
a second substrate including a conductive via formed through the second substrate, disposing the second
substrate at Least partially within the cavity of the first substrate, depositing an encapsulant over the first

substrateP4dk S8ETI TSRS Forrhigr 2 Rotdhan tRE BRcapsUl&TT Vel thé' SEEsTRFSibstrate, and
disposing-a first semigenduciaicdie atdegstpastially withia the petsh eves a firstsuiface efitbe second
substrate and electrically connected to the conductive via to reduce a height of the semiconductor device.
In anothet Erthddiment th8 Préent ifvehtion e B HiEthot bf thEKIRg BSsemidRid o 8&vice comprising
the stepssefjpreviding a fiest substratedrelydingna eavitysformed in &ieyfitst substeate gproviging a second
substrate including a first conductive vig formed ttyrrrouggb%he second substrate, disposing the second

) S

substrate At 185st Parfidll ﬁﬁiﬁ(%ﬁé ca Fff bf the’s ?r%fl&noceepbsiting a first encapsulant over the

first substrate and second substrate, and disposing a first semiconductor die over a first surface of the
second substrate electrically connectgd to the firs% cc:fﬁdu&tive vi%.. In another embodiment, the
umm.

present invention is a method of making a sethiconductor device é‘c?rlﬁprising the steps of providing a first

substrate including a cavity formed in the first substrate, providing a second substrate including a

c_onductlve via formeql Ahrgg%l& the% $€ osnclc%ube react:%r(y%%gslly quet%er%oonrgnsuc stré';\%% gﬁeerdthe.cavny of the
first substrate, depositing an encapsulant over the first substrate and second substrate, and disposing a

first semisenductoddietover @ifirstisurfadeloffthe second sabstrdte eléctricalfyiconnecteditoothe
conductive Vi ; e, ¢, IN-gRother embodiment, the presentinyentionis & sgmicondugtor device

comprising a first subsfrate inc uding a cavity formed in the first substrate. A second substrate includes a
conductivEeviaferrmed trroughl the seconmtPsuilsstrate thite sécarl substrate isfdisposed aveartthe cavity of

the first substrate. An encapsulant is.depasited over the.first substrate and second,substrate. A first

semiconductor die is disposed over a first surface of the second substrate electrically connected to the
conductive ¢ BiiePDes&fstioncofthe Pramiysincluding a conductive via formed

through the second substrate, disposing the second substrate at
least partially within the cavity of the first substrate,
depositing an encapsulant over the first substrate and second
substrate, forming a notch in the encapsulant over the second
substrate, and disposing a first semiconductor die at least
partially within the notch over a first surface of the second
substrate and electrically connected to the conductive via to
reduce a height of the semiconductor device.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first substrate including a cavity formed in the
first substrate, providing a second substrate including a first
conductive via formed through the second substrate, disposing
the second substrate at least partially within the cavity of the
first substrate, depositing a first encapsulant over the first

substrate and second substrate, and disposing a first



FIG. 1 illustrates a PCB with different types of packages mounted to its surface; FIGs. 2a-2c
illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
3a-3h illustrate 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 with a TSV interposer disposed in the cavity of the substrate;
semiconductor die over a first surface of the second substrate

electrically connected to the first conductive via.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first substrate including a cavity formed in the
first substrate, providing a second substrate including a
conductive via formed through the second substrate, disposing
the second substrate over the cavity of the first substrate,
depositing an encapsulant over the first substrate and second
substrate, and disposing a first semiconductor die over a first
surface of the second substrate electrically connected to the
conductive via.

In another embodiment, the present invention is a
semiconductor device comprising a first substrate including a
cavity formed in the first substrate. A second substrate
includes a conductive via formed through the second substrate.
The second substrate is disposed over the cavity of the first
substrate. An encapsulant is deposited over the first substrate
and second substrate. A first semiconductor die is disposed
over a first surface of the second substrate electrically

connected to the conductive via.

Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3h illustrate forming a Fi-PoP with a

semiconductor die having TSV mounted in a cavity of a 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; o
FIG. 4 illustrates stacked die interconnected through

the TSV die in the substrate cavity;

FIG. 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
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using



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 elements. While the invention is
described in terms of the best mode for achieving the invention's objectives, it will be appreciated by

those skiltéi irf tPraFarE that 18 fritehdéd B covveér ditefiiativesT rodifications, BhidéduivaieAts@s' may be

included watbin-thespiritranchseape; efdhe inventionassdefinedy-therappendedclaims angtheir
equivalents as supported by the following disclosure and drawings. Semiconductor devices are generally
manuhc{ﬁéyagman of a plurality of die on the surface of a

semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
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),



two complex manufacturing processes: front-end manufacturing and back-end manufacturing. Front-end
manufacturing involves the formation of a plurality of die on the surface of a semiconductor wafer. Each
die on the wafer contains active and passive electrical components, which are electrically connected to
form functional electrical circuits. Active electrical components, such as transistors and diodes, have the
ability to control the flow of electrical current. Passive electrical components, such as capacitors,

inductorsPFesistors; andRransiGmmnss fdreaite' & YalhtioRdinip betweér Gokdge- and cufBft necessary to

perform eleetsiealciccsld funetionsy procePassive andactiveeompaonesnts aresforged over the surface of
the semiconductor wafer by a series of process steps including doping, deposition, photolithography,

etching, &% pRIRAZatich. DOPng ftfotitiis fhpaiites s HEPSAHibRdu&tdr iatérial by techniques
such as iesripplastation erthensaldiffusioncbhe dopingrprosessmadifiesrtheraleatgcal conductivity of

semiconductor material jn active devices, transforming the semiconductor material into an insulator,
conductor, or dynamicglk/ec anging thcea‘gerﬁleco]ﬁaﬁé‘ft%gf?nea%ﬁlécllcr&fﬁd]a%f?\}ﬁfg1 iﬁ?ﬁégggnas%%%’an electric
field or base curremntv d tarsistorsecantpinsegions af varying typesnand degreestof doping arranged as
necessary.to tenable. th@ transistor %) prfmote or re%[rict the flow o&elecgical %ucrrent upon the application
of the el ]ilr?c fié1§ o Dase Clfrent. ' ~*Y Kctive and Sgss“}eerggmponentgaare formed by layers of
materialstwitin differertceléctovalepropettiesa $he tayers eaptbetformed by arganeaty bf deposition

techniques determined in par % theht e of material ing depasited..Fo exarripleht in,film deposition
may invo veeci?eorﬁijgép\alap%?dt%p%s io%%&f/%%}ﬁﬁyﬁggl%v%p%r ggpag%ﬁ \t/B gctlreolyl/t?c plating, and
electrolessplating processes. Eadlyfayer issgeneralypatterpedte form pbetionsdsfaktive gomponents,

passive companents, or electrical connectons bewesn campanents. . o, LY lyers,can be patterned

using photolithography, which involves the deposition of light sensitive'material, e.g., photoresist, over the
layer to begprtterAed L& patteen ikahansferred foea phdtoaskto thalghotoresisy asing lighme

types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then



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

the undeR¥iRg Paterh BARG crdte ERorbRGTMIY Fiat SURERSE A BRiforaily HACSHFALe™S required to

produce smaller-anchmore slepsalyacked aective apg passiveLomponenis Slanarzatiopcandbe used to
remove material from the surface of the wafer and produce a uniformly flat surface. Planarization involves

polishing th& S&rfAcL of tHEwafdt With & poRSHinG bab"&n'Hbr&dive MatefalSsl ESFESHve chémical are
added to dhe sueace ofthe wafes dutisg potishing+ Ehe gembined mesbanicakadtion afdbe abrasive and
corrosive action.of the chemical removes any irregular topography, resulting in a uniformly flat surface.
Back-end anttattiiing I/}e%l%rtoscmt 8F giﬁaﬂlaﬁﬁs ttfél ﬁﬁi ﬁgﬁ ?Staf rintd e MAIVitUaT did®and then
packaging the diexfps strulctirakbsupportand enviratwseptahisolationohe stgulate the die, the wafer is

scored and P ken alon% {lon-fun%tilqonoaé}rleqéons oghe wafer calle% saw sd;rgzr?ts ortscréb(fs. The wafer is

ro
singulate%inus?nrgcgrllélsee(f cu?t?ngwt%)o or saw blade. %r%?n%?ﬁ%ﬁ, fhie individUal die are mounted to a

package Substratedhiatrinthuees pimsondontact-patissfor irte tdorne cthiomwith atheércsystern aomponents.
Contact padc§ fo&rygg ﬂ\l/e%hee s%rgiggngucto%gie ar%tggg connected to contact pggg Vﬂtehi'}‘n ghcgepackage.

a . e Ica ONnnectli1o X
The electrical connections can'be made with solder umps, stud %umps, conductive paste, or wirebonds.

An encapsutdnt o bilser rholdirrg materihl i depositedroet the packagesto providerstiysicas support and
el T i bt e o il rven ot ppcioraly o
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.
Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include

microprocessors, memories, application specific integrated



FIG. 1 lllustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with

a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one type of

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

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
fb%@l .

or more élétridalteiné Witetrtively: Bfédtrontt déviee 88 rhiay BB ssubddmporent bF S1arger

system. karexampelegelectrenric devicerb mayde a graphies card aeprorkilatertacecard, or other signal
processing card that can be Inserted into a computer. The semiconductor package can Include
microprot&&8urE Sh&mories, application specific Integrated circuits (ASIC), logic circuits, analog circuits,
RF circuits, discrete demicesy @1 othersemiconductaridie or glegtieal companedisste for In FIG. 1, PCB
52 provides a enerarﬁisubstrate fo(r%?g%tjjcttj]ral supporgiand electrical interc?nect of the semiconductor

cti

packages mounted 8 th&PeH. 'c & Signaf raced 53 &r& Fo¥niad Sver a'Surface or within layers of
PCB 52 using evaporation, elecfralytic ptating - eléctsaless glatiw, sceendurittinge ok othes suitable metal

deposition,progess, Signal traces 54 provide for elegtrical communication between eagh of the
semiconductor packages, mounted components, and other external system components. Traces 54 also
provide power@anevground tonnectonsdoreachtof the Semiconduelcrqackages. platirlg,some

embodiments, a semlcolggluctor g%wg% has twoiptaackg@glnrgel%\éﬁlsdrljlrstslel\éell é;rgck%%lgg Jsa technique for

. e ’ . :
mechamcsacilry and glé(l:ﬁlcaﬁ)?attachmg the semiconductor die to an intermediate carrier. Second level

packaginginvehes nechanicallyand electficallyattachinigcthe intenmediate canierite thePCB. In other
embodimepis, serpigonducipr dRuGe May Rahayedhe fishiewel paskagnaicre g die s
mechanically and electrically mounted directly to theé PCB.

other external system components. Traces 54 also provide power

and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination

of semiconductor packages, configured with any combination of

-10-



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MCM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of

semicondudiSrpackages COBKtighTeE With Hri§AShGinafian BF firstSarltFdecondl 18Y&Fackaging styles, as

well as othes electionic compenentsscan-ha coaneetedde ReB 62. irsome emhoediments, electronic
device 50 includes a single attached semiconductor 8ac,ka e, while other embodiments call for multiple

interconnetRsf paEkaGRs. By SoMbiming ohe ordfiors semic HdGcto? pACKEDEs GVerdSifigle substrate,

manufactikerscandineeporaie resaadessamponentsrntangleaty oris Weviees lantbsysteims iBeeause the
semiconductor packages include sophisticated functionality, electronic devices can, be manufactured
using cheaper components'ahd %Es‘?%%ﬁiline%ymgﬁfféﬁmr i ProCeSE. The fesiftii devices are less
likely to faih akd dess expensivestbrmyarufactue resdtinghima fowercost forcconsumessporate FIGS.
2a-2¢ show exemdplar semiconductor [g%ckapes FIG.iZCa iélgstrates further detgil of DIP 64 mounted on

e-=ma ompo nts n e ctron. LCces an SYSLEMS,. . . .
PCB 52. Semiconductor die 72 includes anactve region conYalnlng analog o |gI|IfaI circuits implemented

as activeRlvitess passive devicesdearduictive tdyers, sanchdidlettricslayerssfoimetavithin the die and are
electrically, iperqonnected acaqrding o (he electrical design glihg die, For example. (e sircuit may
include one or more trans¥stors, diodes, inductors, capacitors, resistors, and ot%er cwcw?elements formed

within_th@éﬁh@mg@n@@@@ni@@nd@doadr@tm @dritaet_ﬂparc@m_@ arg omé og nyore dayers of Ebrductive
material, SUch as glyminum (A1), copper(Cu), 1R LS0). nickel (i), gold {Au), oL sjiver(Ag), qnd are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semicorductsttdie 7418 sodnted to-an inteAriediateoedrriep 78 Uiy agoid-silicon eutectic layer or

adhesive material such:ag thermal epoxy, The.package body.includes andpsulative pgckaging material
d

such as polymer or ceramic. Conductor leads 80 an
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.

Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging

material such as polymer or ceramic. Conductor leads 80 and

-11-



wire bonds 82 provide electrical Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84
is deposited over the package for environmental protection by preventing moisture and particles from
entering the package and contaminating die 74 or wire bonds 82. FIG. 2b lllustrates further detail
of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or
epoxy-resin adhesive material 92. Wire bonds 94 provide first level packing Interconnect between contact

pads 96 drid 98 RifinG %oﬁfb%ﬂhﬂ%r%%%ﬁﬁ%ﬁﬁtllé@?'se(f%é%ﬂtov@?%@ﬁl%nductor die 88 and wire

bonds 94stenprevigieahysical suppart and eteptrical jsolatiomfes the devige. Centashpads 482 are formed
over a surface of PCB 52 using a suitable metal deposition such electrolytic plating or electroless plating

to preverit 6xidaltiofi. BdAkRY pads 103 ™Hre EREMHFEHIf cdrnRERUtb Bhe dr MbRe E8idutdive signal traces
54 in PCB&2s Buiepshcd are-tormeddetween contact padsi98 of BGEH2 andicontact pads 102 of PCB
In FIG. 2c, ,semir%lr%guﬁor die 58 is ggounted% ce down to intermediate carrier 106 with a flip

CAct

52.
chip stylefirat VAT BackAGi ive Fegibh 108 5F Seiniconductor die 58 contains analog or digital
circuits Implemented aB Betiveldevices spassivesdeviees, ccondactivel layerss @nddielectiticdayers formed
according to elgtz‘trical desi%n of the die. For e>éagmgle, the ci cu&t may Include one or more transistors,
. . .Seml on?uctor dﬁ? ? Poun e .ﬁy r carrier %gn
diodes, Inductors, capamf%rs, resistors, and other circuit elements within active region 108.
Semicondgdtog dienS8isdelectritallyand prechanically cedhectéddo rcatreer 106 throughbumps 110.
BGA 60 ig sleqtrieglly and mechanically sennacted g PGB §2 With 3 BGA st 3ernd level packaging
using bumps 112.
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,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
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Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB 52 through bumps
110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is deposited over
semiconductor die 58 and carrier 106 to provide physical support and electrical isolation for the device.
The flip chip semiconductor device provides a short electrical conduction path from the active devices on
semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,
lower capsCitanee Said Mhpfdve overdifcifckftderfdriahte CraTstherembodMeitcthe"semiconductor
die 58 cagibmmechanically and eleatically conneesteghdiractiy 40 PGB 52 using flip ichips stylesfjrst level
packaging without intermediate carrier 106. FIGs. 3a-3h lllustrate, in relation to FIGs. 1 and
2a-2c, a proteBE 8P forfning a Fi-PEP Withh SEMRIAYTCRT dd faning T8V mothtéfin a cavity of a
substratel & s 3@ showsarsersiconductos waferdi20 eentaining-abase:subsgateomatesial 422 such as
silicon, germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. An
insulatin 6Y SASNURRHESGr L2 1 foNEN DUGF & A uHae bf KObstrife Matear 122t IRewise, an
insulatings o passivationdayerh2 istformed-oiee aisecond surface ob stibstiate tmatedal 122, opposite
the first sgrfgge gf substr%t}?hm%trerigl ,lc 2. Th insulaéigg l%yesfsol24 and. 1%@180%@%0 g or more layers
of silicon ‘dioxide Efdb)}oa icon nitride %‘éelsﬁli ,léfﬁcon o%yn?trlde?sf(?ﬁ)l,cfantaﬁlum pen oxide 1a205),
aluminunt oxider(&i203) por ather kratemnaltHawiriglsimlap nstating aredistrgctarad pedperties. The

insulatin Iaé/ers 1%4 and&.26 are fgrm%d using PVD, CVD grinting, Spin coating, s\pra%ﬁating, sintering,
t PR t - and
or therm %x?daa(%%n.lxnportllgn %?l%sulatl%g gyecr%pff aﬁg 1256 iS removed as shown. In FIG. 3b,

an electricaly vanductivé dayer28.is formed oitherremaved iportion of imsukating dayerdi2doand
electrically;conducive layer 130iis formechip the semoved portiomof insylating layer 126 using patterning
with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal
depositiohPrée&ss: Congluetve laiersh2® apt 189 darrbé ohe or meredhyerstaf AI1CHOSH, Ni, Au, Ag,
or other suitable elgctrically. condugtive ypaterial. 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 FIGE3E % cavityor opehifyg 136 & fotmetthmlubPrinddaling fayets 224 afd 126 and

substrate;mateyigh 122 using lasercytting teolor sawpbladenCavity 136.6an bedssetangular, circular, or
other suitable form factor.
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
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 (Taz205), aluminum oxide
(A1203), or other material having similar insulating and
structural properties. The insulating layers 124 and 126 are
formed using PVD, CVD, printing, spin coating, spray coating,

sintering, or thermal oxidation. A portion of insulating layers
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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 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%0dRpleméntivasetand Shafoy SRR or digital circuits, such as digital signal processor

(DSP), ASIC, memory,ter ather.signal precessing €ireuit. Serispnduetor die1 13& mayadsq sontain IPD,
such as inductors, capacitors, and resistors, for RF signal processing. A typical RF system requires

multiple IPDEIRGME orGre” LBMEShdltor9atKabes 16 Pertbrm the AgEessy efdirical functions. A
semiconducier-aie ywvth throughiarganicvia{§ V) can kesdispesed ini eavitycl 36:hd-asather embodiment,
semiconductor,die or component 138 is an interposer wjth ISVs disposed in cavity 136. A plurality
of vias is?Sfméd fhrSGCgﬁng#]fc?o%%%to & br Irterpoah 738 tsing As& driitig of &téhing process, such
as deep rgactive iometchinpge(@RIE).yEHe-vias are fided avithcAly Ele Sa, Ni,cAu,rAg, ditarians(Ti), W,
poly-silican, or cgg%r %Lﬂlitia,é)é%(flgctricaw c%nducti.ve.material using PVQbC(\j(Dételectr ytic plating,

itab € (o]

or O meta eposS 1l on oces U 1V A S .-
electroless plating process, or other su epmetaFéepoﬁﬁon process form conductiveé ﬁrough silicon

vias (TSV)B44 G 3144 can Besformedam senieonductordie 138 priotto nibuntiNg thédie mocavity 136.

TSV 144 can egeIectric:e[llcl%ijnltercg[me%ted a0f9rdirc1% to thcetdesign oftthe. %?ewitélr gtional redistribution

layers (Rf)]f_)ol “on active surface 142 and gubgtraterﬁ%. B 11 = (e ', bond wires 146 are formed

between pgndaqm Iaﬁercmand_i]'@&/ ladq eArs eﬂ?éépsﬁn@ﬂntlo?r%ql@lmgo@orﬂ@@m 148 lglateposited over
semicondycior die 1,38.and insulating layer 124 using a paste prnting..Gompressiyg molding, transfer

molding, liquid encapsulant molding, vacuum lamination, or other suitable applicator. Encapsulant 148
can be pélynrer tomposité msatedial socklastepoxgesiasvith filler, epoxy acrylate with filler, or polymer

with proper filler. Encapsulant;148 s nan-condyglive,and-enyvironmeryally,pretects the gemicppductor

device from external elements and contaminants. A portion of encapsulant 148 is removed by an etching

process toexpoze Hetive alfface 142 aheTSV 943 Batking tapé 2403 fémeved rPFIG 1319

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
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
baseband analog circuits or digital circuits, such as digital
signal processor (DSP), ASIC, memory, or other signal processing
circuit. Semiconductor die 138 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

—-14—-



In FIG. 3g, the device is Inverted and semiconductor die or component 150 is mounted to TSV 144,
opposite active surface 142, using bumps 152. Semiconductor die 150 Includes an active surface 154
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 circtfBlEMBAL foftheB It GEtive sifade T84 16 fimplehfeht agebariFanalog kircuits or digital
circuits, stigh@asiBaR . ASICsmemanydorether sighalprocessing cieuitremicondustor tig/150 may also
contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. A typical RF system
requires MUiptE IPDSHPSRE of e sehicdmductor PackagEi td peRbh tHE NEcessary electrical
functionss Aniunstesfilbmaterial 4 56:sucbrasceroxy resim is sepasited spgerssemicopduaterdie 150. In
another eo{nbodime t,,semiconductgr omponent 150 can be a discrete semiconductor device mounted to
TSV 144°1SPOSEKY dRcfiRhhy Londlctive bump material is deposited over conductive layer 130 using
an evaporation, electralyticlplating, electroless plating foalherdp; or scrgengerintingrptacess: The bump
material can be Al,.Sn, Ni, Au, Ag ? B1, Cu, solder, and.combinations thereof, with an optional flux
Solution. FoF eRAm I THE BHn hatoral b b sLRboi S P, hoTead Sbiach, BF Radinée solder. The
bump materidl isboddeg to canduictive layercl3thusing astitable attachnvenrtordondinglprogess. In one
embodiment, the bump material is reflowed, by heating the material ahove its melti int to form
sphericalvi)laﬁllé ogF ’urr%%s’ aéél.’lnl\flo'me%g gp’)p%&%tioﬁé%b%rﬁ&n 1ggelgr'ear%ﬂo@%%ya_sséggn%gtﬂhe%: Improve
electricalcontact 1o conductive layperi3t The memps can adsorbé eomplessiomboRdéed te¥onductive
layer 130, Bumps 158 representione type of lnterconnect stryctyre that can be formed over conductive
layer 130. The InterConnect structure can also use bond wires, stud bump, micro bump, or other electrical
Interconrfggt.table matRG. aptheidevice Bragahs Mvertedoant semitontit®r ditroredmponent 160
with contagtpads,162 guenteddownward in & flipghip arrangement is mopnted.to; LY Jd4dwith bumps
164. Semiconductor die 160 is mounted in the removed portion of encapsulant 148 to reduce device
thickness! SeriéSnductor diecl 60Pkiubies digctieSsurfacears6-containing adlog b digital Bfcuits

Implemeated as-active devicas. passive deviges conductive fayers.anddielactric-laygrs formed within
the die and electrically Interconnected according to the electrical design and function of the die. For

example “theltireit P thchRféGrie dPote frahdittors, diBHes, otPler BiFEdit 8lemiEnts fétmed within
active surface 186 taimplement 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 resistof<! f6r'RE sigral'processing A typreat BE dystdindeGiréSfultiple IPDs in one or

more serpicanductor;packages to pertora thewnecessaryslectrealdunctions. §ranether embodiment,
semiconductor component 160 can be a discrete semiconductor device mounted to TSV 144.

FIG. 4 sHOWSPEIEBOP 168 Haviny BieSderfiitoRdGEtor et BB intérpdser with TEor TOV disposed in
cavity 136:0f substrate 120,dhelDIVof TV glactricadlydntereonnect semicongdsctos components 150
and16Q£%ﬁ@?g99%%%E%@%#n%%lding, liquid encapsulant molding, wvacuum

lamination, or other suitable applicator. Encapsulant 148 can

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

epoxy acrylate with filler, or polymer with proper filler.

Encapsulant 148 is non-conductive and environmentally protects

the semiconductor device from external elements and

contaminants. A portion of encapsulant 148 is removed by an

etching process to expose active surface 142 and TSV 144.

Backing tape 140 is removed in FIG. 3f.
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die, IPD, or interposer with TSV or TOV in cavity 136, the height of FI-PoP 168 can be reduced. In
addition, mounting semiconductor die 160 in the removed portion of encapsulant 148 also reduces the
thickness of FI-PoP 168. The signal propagation between semiconductor components 150 and 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’ Tafirate oF readffanttintérposar 172 i digeuizafly E6AHER8q YTV 144 with
bumps 146.Beid wirep d46rare wlecticallyconnegtadthreugh Inigrpesen 72 &0 IsVilAd.
Semiconductor die or component 178 with contact pads oriented downward in a flipchip arrangement is
mounted 18 Tt@RSoskr 172 Wit BulpEiB2! 2emicotfdicts dE 4785inSh8ed Al active LUface 184
containing@analeg eudigiakcincuits dmptemented asnactivg devieesgpassive deviges sconductive layers,
and dielectric layers formed within the %i]e and electricalr%/, Interconnected according to the electrical
design aﬁ@?&h%%%ﬁ%??ﬁeaaieéﬁtbf"é% ple; 7€ tiréait mayincltde ong’or More transistors, diodes, and
other circuityelermentsnformed within activies surfacer ba4talimplemeant baseldnd analog circuits or digital
as DSP f\SIC memor orc%tggr gi nal Broces%r%gt(ﬁiqrguit.lSer{lj:coggEcEgr die 178 may also

circuits, such
! ectrlca hterco e CcO in eC 1. eSSl
contain Il—e’lg, such as mduc ors, capactljtors, and resusfors, for sngnanrocessmg. A yplcglth system

requires mudtipfeltiRDs émoné or more semiconductorapackages e periform the megessary etectrical
functions, In another embodiment emiconéiuct [.compo en{%78 can be a discrete semiconductor

: T s , p . TS, .
device m%ﬂﬁte%rtor?ﬁtjé?posrearnl%. ﬁ' ésremajfnotfgersof the fga?ureesrdes%:]ﬁ e ﬁ] Elicféneébih is added to
FI-PoP stractogsl 1v@thin acEl3/6 shows FePoPSstiucturerigoniaciudimgsthedediures described in

FIGs. 3a-03{rl gﬁdéjé'tio& e&%eidcdgg %rpg% }gg ,ar%&%ctgcsallgscgnnnggtfg toﬂgﬁ{ojrzg argq bond wires 146.

An encapsulant or molding compound 193 is déposited over semiconductor die 138 and insulating layer
124 using alpaste pantng, Corgsressivg neolding] tfransfeemotding Uliduid epeapsantasldidg vacuum

lamination gk gther syitable applicator. Alternatively, embedded condugtive pillars gr molg yias can be

formed instead of embedded bumps for finer pitch interconnection. Encapsulant 193 can be polymer
compositBIm&te?iaR Sueh 8Py Tesinfwilty RilstaepbXy &or5latd WithTiller, ot polfrhéPwith proper filler.

Encapsulanh 193 is Ber- cpndustive and envirgnmentallypretests theserpicenducton device from external
elements and contaminants.
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
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high—-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 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 158. In some applications, bumps 158
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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 design and function of the die. For example, the circuit may include one or more transistors,
diodes, aftiOthErdiffceI@mBRELIRIIMBYTFtHIR attive SUfase €68 td ipleRfeht Bakeband analog

circuits ordigitabeiicrits) syehr-as BSP, ASIC, mepery: Hh othelsigRal pragassigi eircule Semiconductor
die 194 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. A

typical RE Sy Fsquires mafiple iPDY in SHESSmbre sémidonidtttor pARkagES 1o ferform the
necessaryrelecttiealfunetionsr ivanethet eabodiment semicendustiarcompenent 194 casmhea discrete
semiconq;%:éor deyice mounted to emE)edded bumps 192. The remainder of the features described in
FIGs. 3g-3h'is addied to FrPoP siattire 190 Blithps 192 dlioh setifcondiittol tbmpondht't94 to be
mountedovep encapstbamtibd3, and electrécally tonnedted 1o MB\L 144 without a dedicated mold chase or
specialized encapsulat}on processes tot%g)o(;e semiconductor, die.138. FIG. 7 shows FI-PoP

structure 200 including the Teatures Similar t6 FIGs. 3a-3f. Trf %ﬁaitiﬁﬁf]ceigr%er%a%rhal or wire-on-film (WIF)

encapsulaaihmateribl 2021s déposited-owgrcsemniconducter die k33 which ghminatesihe need for a

dedicated mold chase, or ggeci lized encapsulation processes tg expose the die. The remainder of the
features descri %%8'” &s. §é%hllg adde lt§ %—%Pagtﬁ&gr%mf{)%. 23 mouﬂée.% s%oows [-PoP
structure 240 in¢ludinguthe fedtufes déscribedndRiGsr3a-3¢. Ih@dditiormsenticchductdridgie or component

2121is mounted oyer semicondystor die, 138 and.elactacally connectediia, [3Y 144;and canductive layer

128 with bumps 218. Semiconductor die 212 Includes an active surface 214 containing analog or digital
circuits Irfiplehteritdd asactide devices 1 passiviedevices Condactive layers, bindl dicletriciayers formed

within the, die.and electiically Interconpgeted aggording to the lectrical design and function of the die. For

example, the circuit may Include one or more transistors, diodes, and other circuit elements formed within
active suFaEé 212 t8 tmphtentsasebahd émaloyyirctits Br Yigitet EREHS. Suth B8ISP OASHS, memory,

or other signa| jpro¢essing circyity Semicenducion die;Zl2-may Alsa-cenfain b, such asdndyetors,

capacitors, and resistors, for RF signal processing. A typical
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
requires multiple IPDs in one or more semiconductor packages to
perform the necessary electrical functions. In another
embodiment, semiconductor component 160 can be a discrete
semiconductor device mounted to TSV 144.

FIG. 4 shows Fi-PoP 168 having the semiconductor die,

IPD, or interposer with TSV or TOV disposed in cavity 136 of
substrate 120. The TSV or TOV electrically interconnect

semiconductor components 150 and 160. By placing semiconductor
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RF system requires multiple IPDs in one or more semiconductor packages to perform the necessary
electrical functions. In another embodiment, semiconductor die or component 212 is an interposer with
ISVs mounted over semiconductor die 138. A plurality of vias is formed through semiconductor
die or interposer 212 using laser drilling or etching process, such as DRIE. The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, W, poly-silicon, or other suitable electrically conductive material using PVD, CVD,

electrolytit'flating ReleCtFolé8S BIARiRG Prodeds? of othetsuftaBleMetat depdsifior prdd¥ss to form
conductive:iSye:216. TSV 246 canhe-tormes insgmieenducter dig212:ip1ior temeunting over cavity 136.
TSV 216 can be electrically interconnected according to the design of the die with optional RDL 219 on
active suffglié 91491CtOr" Bofid Wifks'220-afe fofffied Bétkeer toRdtiveNag&*12g ahd TSV 216. An
encapsulantser melting sorpeund 222ns sleposited overrsemngigonducier dieg2t2 and insulating layer 124
using a paste printing, compressive molding, transfer molding, liquid encapsulant malding, vacuum
(aminatioh: 6P BT StitatiE GbpREator FErApeliant 225 2 T Bt ms Goffposte atrial, such as
epoxy resiadvitiefillesyepaxycacrylate withfiller, aripolymer witk praperdiler Encapsulant 222 is
non-conductive ang environQentalliE;Hotects the semiconductor devicg from external ellgrgents and

contaminants. ?Aof)lorlﬁ%% ol en%gbsu ant 227 islrréFneor %sr?yran é?&?nsgeprolcrésg ] é)tqgose active surface

214 and TSV 216. FIG Semisbnductdrdiecdt compariant 22419 mounted i §SVh44, opposite active

Suﬁacelégag%@génggg%%%%éd 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,
memory, or other signal processing circuit. Semiconductor die
178 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 178 can be a discrete
semiconductor device mounted to interposer 172. The remainder

of the features described in FIGs. 3g-3h is added to Fi-PoP
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Semiconductor die 224 includes an active surface 228 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 228 to implement baseband analog circuits or digital circuits, such as DSP, ASIC, memory, or
other sigial"pt6é&<sing difcuit. Semiconductor die 224 may also contain IPD, such as inductors,
capacitors, and resistors;dor BRFsignal pracessings A-lypical RF1systemdegudires;multiple IPDs in one or
more semiconductor packages to perform the necessary electrical functions. An underfill material 230
such as poXyTeSh is Hepbsitsd under sétfiiconductdr die™224 4 hhotHer TSNt L8 Eonductor
component 224 candie-a tliscrete 1semicanducierdevice mounted IndiSVclkdt.wires JAtBelectrically
conductive bumg mategial IS derposit?[g over conductiv I?ye3r 130 usin%antev poration, electrolytic
plating, eldttiolesE BIRtAG: battdrsp; fgﬁegﬁ%(ﬁﬁﬁgp ocess® THEBUME Matéhai can be Al, Sn, Ni, Au,
Ag, Pb, BicGtcsolder; and echbhabinationsthereafhwith ancoptionat flax golutianoFar exasple, the bump
material can pl% eutectigosmnljl?géhi%?éleag féfl.dner, ortleggl-frfeeers%%%rd The bu_lmp magerial is bonded to
conductive I%lyerlfgo usmgpa Suitabl€ attachment or Eondslng process.lﬂ'%ne embodiment, the bump
material isrreflpwed dytheatihg theg materalaboventsmelting, paimt totform spheticdl balls or bumps 232.

In some a I'fations bumR ggz ar reflolvved asec rg{d Hme to improve electrical contact to %pnductive
%’% tor. f t
layer 130(?l e Cuampér can aﬁrso 6:3 fa:or%]\()?e S|one[)§§r?§eo? to ccéjnn uuctlvé Ya?ye]% J1 %?Elsjmoprs 55921 represent
one type of atterconnket structereé thastambe dérmedbovieiecbriduntive fayer f13G: T heliht8rconnect

structure CanAISQ, e Leng wiresy siud bump, micrg-pump, grothenglgeticalipterconnect.

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
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 198 to implement baseband
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 194 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
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Semiconductor die or component 234 with contact pads oriented downward in a flipchip arrangement is
mounted to 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 WitRirPEGREYs fTfte 235w Ehthasebahd &THIGd B c Gt difitA circuits, such as DSP,
ASIC, meyagrys 6h gther signadpresassingicircuita Sepucenductordie 234dnay: alsecantain IPD, such as
inductors, capacitors, and resistors, for RF signal processing. A typical RF system requires multiple IPDs
in one or MidreSeMitBRGTHoF Babkiyedd6 Perfdimthe Hecesdaly diédtfAcA%GActitnst ifanother
embodimeat, tserisoaducien cermpanenti234. caybe ia discreteisemiconductos pleyiceunounted to TSV
216. FIG. 9 shows Fi-PaP structure 240 including the features degs ribed in FIGs. 3a-3f. In
=ddition, S&MicorIBEST A or EoHBBNSRES42 BIABGEA partHNy I Ahd harially otk oF eVt 136,
Semiconduetor diec24 further indedesnoteh ©f redess1243 whicheaveshangs suhstradd 120 outside
cavity 1381 ggr&il(;congugto({id(i:% géé irI}l%IE es an ggti\(l)% sgrf%%e %f"{ ggatainig% ang&o ciro%igital circuits
implemented as active deewces, passivé devices, conduchive fayers, and dieldeiric ayers formed within the
die and efectreallydntercornaoted: aseordingrtduheé @tectrieal deésign and function of the die. For example,
the circuit may includ or,mare transistars, diodes, and ot ircuit elements formed within active
surface 244 to implemegr?tr&ﬁaseebé}r]]?é%a olg %{?guitss orrucﬁgﬁlaﬁ %l%él%%ﬁ%g%%nlﬁgPt%%IC memory, or
other sigialgsrocessing virdut. Semiconductorndie242 mayaldst cdrtain R suecheasiliaductors,
capacitors; and resistors, forRE signal processing. A typical, RF,system reguites muliiple LRDs in one or

more semiconductor packages to perform the necessary electrical functions. In another embodiment,
semicondifttdicdie b Contpohent 242 isThn ditefdoser withaSVehdispesed partially ealidparsidlly out of

cavity 138014 _cna8PIWAlY A i Jogmed dygugh semiconduciordie or dnjemgger, 242ysing laser
drilling or etching process, such as DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, W,

poly-silicér,cor othéesuitibte BiéeHicafly ebadicive materiyt 6SihgT¢D e VD! efectrlyticplating,
electrolesg;iplating pracess, pr qther, suitakle yaegtal 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 interconnecté® acCordititytd the desfynséfine die Hith dptibRalRBE4 568 active surface 244

and substrate 12Q.sT ¥ L246:inotch 243 ate etegtrically conngetedto conddetivedayer,128 with bumps

248.
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
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
214 to implement baseband analog circuits or digital circuits,
such as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 212 may also contain IPD, such as inductors,

capacitors, and resistors, for RF signal processing. A typical
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Bond wires 250 are formed between conductive layer 128 and TSV 246. An encapsulant or molding
compound 252 is deposited over semiconductor die 242 and insulating layer 124 using a paste printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 252 can be polymer composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant 252 is non-conductive and environmentally

protects fhe SEhTitBRAGEEPdEGiEe front extbndl Elemehts A EontaRTirants A poribH &Ceéncapsulant

252 is repoyed by anelcpingryeseshito expaseactiyesusiace 2441and hsYi2d6 .  1n Semiconductor
die or component 254 is mounted to TSV 246, opposite active surface 244, using bumps 256.

Semicon8U&bPaie SEWHLUNES an SEVESUHLEE™ES Sortaining 2ARI8E B Wigitsf ciréuitdimplemented
as activeideviagso passive tevicessconsluctivel layess, anshdielectric-tayerssfosmed auithin the die and
electrically interconnected Iiccor ing to the electrical dg%%ﬁégnd unction of the die. For example, the

t
circuit may include oné oF moré é’r%’is?o%s,vdﬁ&es},san cirdliPSidhertE formediTih active
surface 258¢odmpiementtiaseband anatoigheirduitsear digital Tirauits; sueh @siD§PpASHe smemory, or
other signal processi ircuit,. Semiconductor die.254 may alsa contain IPD, such as inductors,
capacitorséflé%d ?és’s?é%%é for FL&It—Lesiéfnleﬁ Sbrggéess%nlgl.%ﬁ«e%/p%%ﬁﬁ&s‘ctystgrlﬁ ’re(%ifeusﬁrldul |poé IPDS in one or
more serfiiconductop packagesdorperformahbaecessarytelectrdd¢aldunctions] Ancunderfit inaterial 260

such as epax regif IS degos'%%ung%r]jsemifgnguct r gie 254I In another mt%odirPengs, semiconductor
componen?f%% ‘can be a discrete’semicénductor éjvglt\{e mounted to TSV 246, ~ -~ An electrically
conductivel bmpamateriakisdeposited lover sorndudtive layeraB0dgsing ahievapprations electrolytic

plating, ek%qgglecsén@a@%q,\%allﬁgg,_er%c.reel%g\r/ingrﬂ% pg%qgsgeTQgRH&p_riT@terial can be Al, Sn, Ni, Au,

Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For example, the bump
material é&Tbe @utettic8n/Pbehighdend solder corlerdifreedsolder Thabummip hidterialli§V

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
and environmentally protects the semiconductor device from
external elements and contaminants. A portion of encapsulant
222 1s removed by an etching process to expose active surface
214 and TSV 216.

Semiconductor die or component 224 is mounted to TSV
144, opposite active surface 142, using bumps 226.

Semiconductor die 224 includes an active surface 228 containing

analog or digital circuits implemented as active devices,
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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
262. In some applications, bumps 262 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 262
represent one type of interconnect structure that can be formed over conductive layer 130. The

interconreeE StrGuAE ZaiT 8o U BT Wits [ Sta baim 5 Hiicro- Bofmpt br Gths Bfdctridad iftarconnect.

Semiconguetat diecorcamponeit 264awith-centact,pads erienied dovwvard da adlipehip arrangement is
mounted to TSV 246 with bumps 266. Semiconductor die 264 includes an active surface 266 containing

analog ofdigftaldifcits HpiemertBd a5HETvE Yevitbs BasSVE devitds, SoriliRive 1dyeFs, and dielectric
layers formed-withinthe die and®lectrieallyrinteseennecied asearding t@itbeeiectdeal design-and function
of the die. For example the circgit ma%

, 'ncludg one or.more trans'stors,2d'%des, and other circuit elements
formed withir“ActiveSsurfice 766 (3 im ﬁierjﬁéﬁ Baseband Analog circiits srodigital diRRuitE Slich as DSP,

ASIC, mermenh anathet signal piacessing circuiti Semdconductaridie 264unay alsobgntaindPD, such as

inductorsmcagacitors, andE esistors, for RF signal gr.ocessing. A.tgpical RFE syste r%%uireg.multiple IPDs
. emor Or 8 er Sﬁg$al 8r CFS %ﬂg clrcult. %emﬁ onauc f 1e
in one or'more semiconductor packages to perform necessary electrical functions. Tn another

embodiment, semyicedductoocamponéiedscarnbe a discrete sermiconduetor device moudnted to TSV

246. FIG. 10 sh%v§ FEE_EPOP' strugture 270 including the fceaturegpsﬁiribed J'Cn FIGs. 3a-3c and

. €sS1ST.0rs, S rocessing., 1C S .
semlconguctor Ie or component f?qzlnmou ted over Ca%lty 136. égmlcon tOI’deIe %94 includes an

active sgtfaqa P78 %mtd_ihihg Ja_malc&@@r dﬁgitah@r_@ﬁtsmnpém@mﬁed @sdgctive_ldav&;e]sapa%iw devi_ces,
conductivs. ayers, apfldlileciriclayers Jamned within thedle and electigally intaregnnected according to

the electrical design and function of the die. For example, the circuit may include one or more transistors,
diodes, andtethérdircuittelementsforsied-withis attive sudace 278 tslinipléatent baseband analog

circuits ot digjtal cirgutits, such as DSP, ASIC, merpary, oLethey signal pracessing.cifguit, Semiconductor
die 274 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. A
typical RF&y8entréquire$ rfakipkelPDSihsshieesemara semictitueior fREkaGe SR péfsint the
necessarygjectrigal functions. In another embodiment, semiconductor die or component 274 is an

interposer with ISVs mounted over cavity 136.
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
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 232. In some applications, bumps 232
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 232 represent one type of

interconnect structure that can be formed over conductive layer
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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, 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 ISVs 280. TSV 280 can be formed in semiconductor
die 274 prior to mounting the die. TSV 280 can be electrically interconnected according to the design of

the die with OptionAFRDL ZB1GH BE e SUrfate 278 can SEthd \RiteS 282 dfé foined bétiveen

conductiveslayer 428 apdiagtive suHaee 248. Anenecapsulant ermpldingeempound 284 is deposited over
semiconductor die 274 and insulating layer 124 using a paste printing, compressive molding, transfer

molding, liquid encapstf3htTEAHY: Vacad 18miratiBRC BF Bthet stitdbib AppRBARF ERCEpSulant 284
can be pelymer cemposiiawaateriak SHClF as@poxy rasinavitettiles-epexynacnlateiwith fitler; or polymer
with propg | sulant 284 is non-conductive and environmentally protects the semiconductor

. r gller, nc % _ r Y P _
device from external I%Iﬁ?e%tsz Rd coRtAMRARE A 3rtion of gﬁéaﬁ&ﬁ HEs84 BeRfovedy an etching
process towaxpose actige surfaee 278@nanSVo28kr digitSamicbndudtos dienprleomparenta286 is
mounted 19 13V 280, 9pRg3ite active surtage 278, Using bmps 288. 1 . vers, 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
die or component 242 disposed partially in and partially out of
cavity 136. Semiconductor die 242 further includes notch or
recess 243 which overhangs substrate 120 outside cavity 136.
Semiconductor die 242 includes an active surface 244 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
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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 sigRa5iBdesSiRg citéit SieBRdOCoF aie286" A H18e Esntaii 15, Suchia inffetbrs,
capacitors; ang resistoesdar BF rsigial fpracassing. Actypical Rirsystemaequires midtipledRPs in one or
more semiconductor packages to perform the necessary electrical functions. An underfill material 292
such as ePoXy12EM i€ 4epsitsd bitderSerfitoRdddtbr die 266 in iotHet embodifient, derfitonductor
componeft86candie a tiscreteispmictonduciesdeviee siatnied to 1ISéRBOonduct ofn@lectrically
conductive4l%umeg ma;erial IS detposited over con%uctive Jayer 130 usin% an evaporation, electrolytic
plating, efectrdlsss Aafivg, SN dr0B, Of scre8H Printifg Process The BUTRE Patetiar cat'Be Al Sn, Ni,
Au, Ag, Pty 8ils Ciy;, spldesramd cembiratiops dherest, rwith an optiprial fluxrsolution: &or example, the

bump mart%rialicragsbe elitceftiﬁ g,néP high-leandes%lder grrée%déggg (;srtl)(ljguert'(l;r%e bgn]p meagerjcal is bonded
to conductlv%ulayer 130 using a sw?a e aﬁaghmenfforlrbonding process. fAorie gm%o%ﬁnent, the bump

material isaeflowad biycheating ke materialcboveats meltingipoust.to form sphéeheal balls or bumps 294.

In some %;&?él{é:%lon%, burrSI;%s 294 are r%florvv%di% second time to @%Q\% glectrlcal %%ntact to_conductive

/ d
layer 130. lumnﬁps tan also be. cgr%p(rjessmn bonded to conductive yesr 130. éumeprspf954e;:epresent

one typemitrher?;‘éﬁﬁedtiﬁmw@ thama;r&ﬂ;éyorf@cmvecacvlerp@mdij@ﬁ&ef Iaygt 13_@. The irftercohmect
structure can also use QOBQWEQPi%%‘%EU@Ea@'% bR, qther elegtrical intercannect.

Semiconductor die or component 296 with contact pads oriented downward in a flipchip arrangement is
mounteddé S\ 280 Withisuiaps 298. Semitbnbugtr dier 206 Imdudes ait aktive sinfase860 containing

analog ordigital.circyits implemented as active deyices, passive deviees, condugtive jayers, and dielectric
layers formed within the die and electrically Interconnected accordfng to the electrical design and function
of the diel For BxaRple] thé EkEGT magLineltle one orimeretransisiors, thddes, apdBiRércifouit elements

formed within.actiye suface 39pbto Implementbaseband;analag cirgujts endigitalgircits, such as DSP,
ASIC, memory, or other signal processing circuit. Semiconductor die 296 may also contain IPD, such as
inductors? tapacitor8 Tarf resistrs, ForRE sihal pRicesSmgRA tFiRaPRFsyRteth Peqiirestfultiple IPDs

in one or faeke sesmigapdycier packages to pesfermibe necessary Sleetrcal functions. Huaoether
embodiment, 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.

Bond wires 250 are formed between conductive layer 128
and TSV 246. An encapsulant or molding compound 252 is
deposited over semiconductor die 242 and insulating layer 124
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 252 can be polymer composite material,

such as epoxy resin with filler, epoxy acrylate with filler, or

polymer with proper filler. Encapsulant 252 is non-conductive
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component 296 can be a discrete semiconductor device mounted to ISV 280. FIG. 11 shows
Fi-PoP structure 310 including the 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 appretistetRAtHMBRMEaTGHS End a8 5FEEDNS 16 g &rRBadiRtents AR 15E madewithout departing
from the seape-atthedquresentinventionas:sekforhrr the fallowiig glaims r Claims dhatistclaimed:

252 1is removed by an etching process to expose active surface
244 and TSV 246.

Semiconductor die or component 254 is mounted to TSV
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
TSV 246.

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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1. A method of making a semiconductor device, comprising: providing a first substrate including a cavity
formed in the first substrate; providing a second substrate including a conductive via formed through
the second substrate; disposing the second substrate at least partially within the cavity of the first
substrate; depositing an encapsulant over the first substrate and second substrate; forming a
notch in the encapsulant over the second substrate; and disposing a first semiconductor die at least

partially Withi$Ae hotcHoowE SfréE st of the Setond stibstrate®ad e REftall €8hnédted to the
conductive-via ta seguce-a Hieight of thehsemigendueton deVieBe bump material is

reflowed by heating the material above its melting point to form
spherical balls or bumps 262. In some applications, bumps 262
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 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,
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 264 can be a discrete semiconductor device mounted to
TSV 246.

FIG. 10 shows Fi-PoP structure 270 including the

features described in FIGs. 3a-3c¢ and semiconductor die or
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2. The method of claim 1, further including disposing a second semiconductor die over a second surface
of the second substrate opposite the first surface of the second substrate and electrically connected to the
first semiconductor die through the conductive via in the second substrate. 3. The method of claim 1,
further including: forming a conductive layer on the first substrate; and forming a bond wire between the
conductive layer and conductive via. 4. The method of claim 1, wherein the second substrate includes a

second sERTESHHRIEtoradié P fftBIger. VST THE ethod OF claim I FGReriREIadinG dssosing a second
semicondugtar die Hveh the-first semigongetor the.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 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
form conductive TSVs 280. TSV 280 can be formed in
semiconductor die 274 prior to mounting the die. TSV 280 can be
electrically interconnected according to the design of the die
with optional RDL 281 on active surface 278.

Bond wires 282 are formed between conductive layer 128
and active surface 278. An encapsulant or molding compound 284
is deposited over semiconductor die 274 and insulating layer 124

using a paste printing, compressive molding, transfer molding,
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6. The method of claim 1, further including forming an interconnect structure over the first substrate. 7. A
method of making a semiconductor device, comprising: providing a first substrate including a cavity
formed in the first substrate; providing a second substrate including a first conductive via formed
through the second substrate; disposing the second substrate at least partially within the cavity of the
first substrate; deposi:g;g[ a first encapsulant over the first substrate and second substrate; and

disposing A st S eFMEaRATCEr dietved Aifst SRFALTbItRE SBR5RE BubStFate Ehsctrically Gdhicted to
the first copgugtiverda.. Encapsulant 284 can be polymer composite material,

such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 284 is non-conductive
and environmentally protects the semiconductor device from
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 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
perform the necessary electrical functions. An underfill
material 292 such as epoxy resin is deposited under
semiconductor die 286. In another embodiment, semiconductor
component 286 can be a discrete semiconductor device mounted to
TSV 280.

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

plating, electroless plating, ball drop, or screen printing

—-28—



8. The method of claim 7, further including: forming a notch in the first encapsulant over the second
substrate; and disposing the first semiconductor die at least partially within the notch over the first
surface of the second substrate. 9. The method of claim 8, further including depositing a second
encapsulant within the notch. 10. The method of claim 7, further including disposing a second

semiconductor die over a second surface of the second substrate opposite the first surface of the second
substrate®ZF 8Retricaliy) GoRHBEtel S Tie first SemicSndittordie thtbugh fne fifst cBRdudtive via in the

second sgstratéider, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 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 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
transistors, diodes, and other circuit elements formed within
active surface 300 to implement baseband analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 296 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
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11. The method of claim 7, further including forming a second conductive via through the first
semiconductor die. 12. The method of claim 11, further including disposing a second semiconductor die
over the first semiconductor die electrically connected to the second conductive via. 13. The method of
claim 7, further including: forming an interconnect structure through the encapsulant over the second
substrate; and electrically connecting the first semiconductor die to the interconnect structure. 14. A

method df YHEGAG A semiBordictordévite, XonTirisinG progiit s fifst SeBsrateRERIBR1Y & Cavity
formed inrthe firgthsubstrate;

FIG. 11 shows Fi-PoP structure 310 including the
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 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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providing a second substrate including a conductive via formed through the second substrate;
disposing the second substrate over the cavity of the first substrate; depositing an encapsulant over the
first substrate and second substrate; and disposing a first semiconductor die over a first surface of
the second substrate electrically connected to the conductive via.

Claims

What is claimed:

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

providing a first substrate including a cavity formed in
the first substrate;

providing a second substrate including a conductive via
formed through the second substrate;

disposing the second substrate at least partially within
the cavity of the first substrate;

depositing an encapsulant over the first substrate and
second substrate;

forming a notch in the encapsulant over the second
substrate; and

disposing a first semiconductor die at least partially
within the notch over a first surface of the second substrate
and electrically connected to the conductive via to reduce a

height of the semiconductor device.

2. The method of claim 1, further including disposing a second
semiconductor die over a second surface of the second substrate
opposite the first surface of the second substrate and
electrically connected to the first semiconductor die through

the conductive via in the second substrate.

3. The method of claim 1, further including:
forming a conductive layer on the first substrate; and
forming a bond wire between the conductive layer and

conductive via.
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15. The method of claim 14, further including: forming a notch in the encapsulant over the second
substrate; and disposing the first semiconductor die within the notch over the first surface of the
second substrate. 16. The method of claim 14, further including disposing a second semiconductor die
over a second surface of the second substrate opposite the first surface of the second substrate and
eIectricaII_I%/ connected to the first semiconductor die through the conductive via in the second substrate.

17. The rethod StcIdim- T2 FuRtherihéhBing: “forhiig a EBRdGGRRNGy S5 tefirst substrate; and
forming ajbendiwire between tlie senduciivedayerand: conductive ¥igoser .

5. The method of claim 1, further including disposing a second

semiconductor die over the first semiconductor die.

6. The method of claim 1, further including forming an

interconnect structure over the first substrate.

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

providing a first substrate including a cavity formed in
the first substrate;

providing a second substrate including a first conductive
via formed through the second substrate;

disposing the second substrate at least partially within
the cavity of the first substrate;

depositing a first encapsulant over the first substrate and
second substrate; and

disposing a first semiconductor die over a first surface of
the second substrate electrically connected to the first

conductive via.

8. The method of claim 7, further including:

forming a notch in the first encapsulant over the second
substrate; and

disposing the first semiconductor die at least partially

within the notch over the first surface of the second substrate.
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18. The method of claim 14, wherein the second substrate includes a second semiconductor die or
interposer. 19. The method of claim 14, further including disposing a second semiconductor die over the
first semiconductor die. 20. The method of claim 14, further including forming an interconnect structure
over the first substrate. 21. A semiconductor device, comprising: a first substrate including a cavity

formed in the first substrate; , , , o
9. The method of claim 8, further including depositing a

second encapsulant within the notch.

10. The method of claim 7, further including disposing a second
semiconductor die over a second surface of the second substrate
opposite the first surface of the second substrate and
electrically connected to the first semiconductor die through

the first conductive via in the second substrate.

11. The method of claim 7, further including forming a second

conductive via through the first semiconductor die.

12. The method of claim 11, further including disposing a
second semiconductor die over the first semiconductor die

electrically connected to the second conductive via.

13. The method of claim 7, further including:

forming an interconnect structure through the encapsulant
over the second substrate; and

electrically connecting the first semiconductor die to the

interconnect structure.

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

providing a first substrate including a cavity formed in
the first substrate;

providing a second substrate including a conductive via
formed through the second substrate;

disposing the second substrate over the cavity of the first
substrate;

depositing an encapsulant over the first substrate and
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a second substrate including a conductive via formed through the second substrate, the second substrate
being disposed over the cavity of the first substrate; an encapsulant deposited over the first substrate
and second substrate; and a first semiconductor die disposed over a first surface of the second
substrate electrically connected to the conductive via. 22. The semiconductor device of claim 21, further
including a notch formed in the encapsulant over the second substrate, wherein the first semiconductor
die is disp6Set gt [REEEHAEAMR withih the notch over the first surface of the second substrate. 23. The

semiconductor de\des ef elain 24 i fusthes dncluding a-secondisenicerducter dietdispased-eves a second
surface of the second substrate ogposite the first surface of the second substrate and electrically

connectet 15 thE firt SefESditt6r die Tiotiyfithe RoRauaRenGs i the S&corr st 24. The

semicondticiqr device of claim 21, further including:

15. The method of claim 14, further including:

forming a notch in the encapsulant over the second
substrate; and

disposing the first semiconductor die within the notch over

the first surface of the second substrate.

16. The method of claim 14, further including disposing a
second semiconductor die over a second surface of the second
substrate opposite the first surface of the second substrate and
electrically connected to the first semiconductor die through

the conductive via in the second substrate.

17. The method of claim 14, further including:
forming a conductive layer on the first substrate; and
forming a bond wire between the conductive layer and

conductive via.

18. The method of claim 14, wherein the second substrate

includes a second semiconductor die or interposer.

19. The method of claim 14, further including disposing a

second semiconductor die over the first semiconductor die.

20. The method of claim 14, further including forming an

interconnect structure over the first substrate.
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a conductive layer formed on the first substrate; and a bond wire formed between the conductive layer
and conductive via. 25. The semiconductor device of claim 21, further including a second semiconductor
die disposed over the first semiconductor die.

21. A semiconductor device, comprising:

a first substrate including a cavity formed in the first
substrate;

a second substrate including a conductive via formed
through the second substrate, the second substrate being
disposed over the cavity of the first substrate;

an encapsulant deposited over the first substrate and
second substrate; and

a first semiconductor die disposed over a first surface of
the second substrate electrically connected to the conductive

via.

22. The semiconductor device of claim 21, further including a
notch formed in the encapsulant over the second substrate,
wherein the first semiconductor die is disposed at least
partially within the notch over the first surface of the second

substrate.

23. The semiconductor device of claim 21, further including a
second semiconductor die disposed over a second surface of the
second substrate opposite the first surface of the second

substrate and electrically connected to the first semiconductor

die through the conductive via in the second substrate.

24. The semiconductor device of claim 21, further including:
a conductive layer formed on the first substrate; and
a bond wire formed between the conductive layer and

conductive via.
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25. The semiconductor device of claim 21, further including a
second semiconductor die disposed over the first semiconductor

die.
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