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 patrticularly, 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 found
in modern elegiiepe GRSk SSEYSRACUSIET NEMARR YRR MR AYNIDS PRCeRg kel etpgtical
Componemsg%kﬁ%%s PR s GereralR, i SRS Eltdieq) £0gonent, e.g.,
light emitting diode D), 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
microccntrollers, microprocessors, chddged-doaflctheviaees@aoy), solar cells, and digital micro-mirror
devices (DMDs).

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of 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



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power conversion, networks, computers, and consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,
and offic%e uipment. ngemrilcchggc(%o.r %Xicesgx%)l it the electric%l properties of semiconductor

. ices are faqu 1 S .entertainme ..
materials. ﬁ— e a?omlc S'[I‘UC?UI’G of semiconductor material allows Iits é?e&rléal COFIdUCtIVI'[y to be

manipulatedhby thes applicationof earelectriv diekdi ombasestwreentor throughtthe process of doping.

Doping iniigeuces mpuities into the.semiconduelor majeyal o manipulaje and ganiiol fe conductivity of
the semlcondsuctor device. A semiconductor device contains active and passive electrical
structures.iAdtiverstriratirescimcliueling bipolar tahefield effeviotransistols) doatrolithe flow of electrical

current. %36}4@}}@_@1@}“3'? ogrg@pg@fgr&% agal@lqgﬁg'mgnog an electric field or base current, the transistor either

promotes or restricts the flow of electrical current. Passive
Semiconductor devices exploit the electrical

properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

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

semiconductor wafer. Each die is typically identical and



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 got%ntiallg hg{\dred.s of steps. Iglc_z)gt-enq &%nrufgctﬁg%g involves the form%til%n of a plurality of die

ntain rculits orne e ca yrconnecting ,ac e n$
on the sur%ce o]f a semlcon(J:luctor Waliger. at\éh die’ IS typica en?lcgl andlcc%talns cwcuﬁs ormed by

electricallyeconiteetingmaptive ahd passize lcoampb ments: Backeendhmanufacturig mvolyes singulating
individual dig fram the fiished wafet and [Paltﬁ‘iascﬂre‘%”%eag'eertoaPAS"éggéﬁ%mﬂur{%' %%%P%E%“dc
environmental isolation. ne goal of semiconductor manuf cturlngglst produce smaller
semiconductoridevicas: Smalier devinesaypicalycemsume tassigower: have higher performance, and can

be produced more efficiently, In addition, smaller serpicpnductor deviges have a saller fagfprint, which is

desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end
process rE8akingtin Senwith sivaliep higheridésity agtive bad pshveccormperieis. [Back-end processes

may result.j semicanductor device packagesqwith-asmaller fogtatint by improvements inglectcal
interconnection and packaging materials. ~ ~  In many applications, it is desirable to stack a plurality
of semicaruiRtGIdié overeae anofher 36 $orhi astacked sktric6FAGCIOP pacKare. FRWeVR?, stacking

semicongygier die also ncreasesithe pyerall size and shigknass,ofitbe semicanductor Rackage. For
example, in packages including three or more stacked die, the package requires several substrates to

facilitate HePfORmafion of eRiBErcH? mtércdnfééforns et e Cach BT th® Se Aol i, 1h

conventiongl packagess for exanplesthree substrates are oftep required, when formiggdan-in
package-on-package (Fi-PoP) packages to form the necessary connections between top, middle, and

bottom dASEVER YT Gie Susstrte iS8Sed, the IR RiOUREFo opiidsite SideLorthe LSRR increase
package thigknessiandlengthenprepagaten,pathspuica gdegrades-elactsigahperformanegr int

by improvements in electrical interconnection and packaging
materials.

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

paths which degrades electrical performance.



Summary of the Invention 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 substrate having first and second surfaces,
forming a cavity through the first and second surfaces of the substrate, forming a via through a first
semiconductor die, filling the via with conductive material to form a conductive via, mounting the first
semiconductor die in the cavity, depos':,lilt[irrl}gaq:n eg%ag%gaqﬁno‘\r/gr Eki% substrate and a first surface of the
first semiconductor die, removing a portion of'the encapsulant from the first surface of the first
semiconductor die to expose the conductive via, and mounting a second semiconductor die to the first

surface _of th_e first sengxcorpéj%gtoerxdies. 'Iéhet%eceolnedc%erryflggmgr?gt%gleﬁrlg eIL%cet_rCl%all t%oap%egted to the
conductive via. The method further includes the step of mounting a third semiconductor die over a second

surface ﬁmﬁ@@emﬁmﬁd@tmrm @p_ﬁ@s_iféaﬁheafh'staméa@r@f-thelfkrgt_cgeﬁr:iiwriductépdiene ~ o n
another eéﬂl%gfg}g&tl,tthe@{gs%}tég\équlopﬂ§gn@§g}9di%f rgaﬁgg@o%ferg@ogg_ggtggdgwce comprising the

steps of providing a substrate having first and second surfaces, forming a cavity through the first and
second seffaces bfithetstbstare, shdopvrnthig adirstsenicerduér eomponémdn dhe cavity. The first

semicondygtor.component has & ¢enductive TRV-cHe method futher includes the steps of depositing an

encapsulant over the substrate and a first surface of the first semiconductor component, removing a

portion of-thieceltgapstrnt frbfAt thefitsE Stfface dF HeSE sericontuétor ebhfbohent (i 8xXpuse the

conductive T3Y, and smeuntinga second-semicoadustor camponent toithg firstsurface,pf the first
semiconductor component. The second semiconductor component is electrically connected to the

conductie®RaVetive matgndher BMboaifert, A0 FiEseht Mvihfion ROARieth6d bR fakinga

semicondugtar-devce eempasing the steps-efpreviding:a syubstrate havingfirsh and second surfaces,
forming a cavity through the first and second surfaces of the substrate, and mounting a first

Smﬂmon&ﬁﬁoﬁaﬁﬁﬁ5ﬁ£ﬁdV&%ﬁbé&ﬁﬁF surface of the first semiconductor

die, removing a portion of the encapsulant from the first
surface of the first semiconductor die to expose the conductive
via, and mounting a second semiconductor die to the first
surface of the first semiconductor die. The second
semiconductor die is electrically connected to the conductive
via. The method further includes the step of mounting a third
semiconductor die over a second surface of the first
semiconductor die opposite the first surface of the first
semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate having first and second surfaces, forming
a cavity through the first and second surfaces of the substrate,
and mounting a first semiconductor component in the cavity. The
first semiconductor component has a conductive TSV. The method
further includes the steps of depositing an encapsulant over the
substrate and a first surface of the first semiconductor

component, removing a portion of the encapsulant from the first



The first semiconductor component has a conductive TSV. The method further includes the steps of
mounting a second semiconductor component over a first surface of the first semiconductor component,
depositing an encapsulant over the substrate and second semiconductor component, and mounting a
third semiconductor component over a second surface of the first semiconductor component opposite the
first surface of the first semiconductor component. In another embodiment, the present invention
isa semicon(%uctor d%vi e com £i§itng a substg%li% Ch@(\)/;fng a ca\(/)iyefgén(fg throqu firgFﬁnd second

S ac . .SemlC com X S
surfaces O%l e suebs rate. Eflrs semlcondluc?or componen? IS moun In t%epcavﬁy. e first

semiconduntorucompenérii-hasean donduotive s\, Asecond semicomddotor component isrnounted over a
first surfacgof fe ftst semiconducion Gompanaly. A1.6NCAR%HIANLIS depgsiipd guer thesybstrate and
second semiconductor component. A third semiconductor component is mounted over a second surface
of the first semicbriekicicracompsient oppositettie first surfaderofthé fiystcsemieohgdctorcdinponent.
Brief Descyiption pf the Deawings FIG. 1 lllustrates a PCB with different types of packages

mounted to its surface; FIGs. 2a-2c lllustrate further detail of the
In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of
providing a substrate having first and second surfaces, forming
a cavity through the first and second surfaces of the substrate,
and mounting a first semiconductor component over the cavity.
The first semiconductor component has a conductive TSV. The
method further includes the steps of mounting a second
semiconductor component over a first surface of the first
semiconductor component, depositing an encapsulant over the
substrate and second semiconductor component, and mounting a
third semiconductor component over a second surface of the first
semiconductor component opposite the first surface of the first
semiconductor component.

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

first semiconductor component.



representative semiconductor packages mounted to the PCB; FIGs. 3a-3h lllustrate forming a FI-PoP with
a semiconductor die having TSV mounted in a cavity of a substrate; FIG. 4 lllustrates stacked die
Interconnected through the TSV die in the substrate cavity; FIG. 5 lllustrates the stacked die
Interconnected with a TSV Interposer disposed in the cavity of the substrate; FIG. 6 lllustrates the stacked
die Interconnected with

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. 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



embedded bumps and TSV in the cavity of the substrate; FIG. 7 lllustrates the stacked die Interconnected

with TSV and bond wires covered by wire-in-film material, FIG. 8 lllustrates the stacked die
Interconnected with the TSV die mounted over the substrate cavity; FIG. 9 lllustrates the
stacked die Interconnected with the TSV die extending outside the substrate cavity; FIG. 10

lllustrates the stacked die Interconnected with the TSV die disposed outside the substrate cavity; and
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
two complex manufacturing processes: front-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
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



FIG. 11 lllustrates 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 g\}/lthln the spirit and scope of the mventlon as | d C;L ed l%y the . appe {‘9@8‘ cl%lms and thcelr
equivalents fas s%pported%ydthe oﬁowmg i sc\fosure and rawings.

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),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

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

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
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.



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

electrical ghrtent. Pagsive electrical components. such s capaditors induiors. jesistors.and
transformers, create a relationship between vl age”and current necessary to perform electrical circuit
functionspolishiPassiwd andractive womponemnts arel formeddver theosurfacecbithecsemieorductor
water Dy a.pedles,f prggess.steps ncluding, doping. deppsitian, phofqliigaraphy, gighing, and -
planarization. Doping introduces impurities into the semiconductor material by techniques such as ion
implantatiombr thedmakdiffasiona The cloping process niduifissithe electricaloneuetivigodfisemiconductor

material ip:aclive dayices. ansiomping e smiconduciar matesial inig #p, insulater Gendugtor, or
dynamically changing the semiconductor material conductivity in response to an electric Tield or base
current. Trahsistars cohtadrt regions 6Evarying types and degrees of doping arranged as necessary to

enable the transistor tg;promatg orrestrietthe flowy, gf eleetrical eyrrent.ypon the,application of the electric

field or base current. Active and passive components are formed by layers of materials with

different éfeeffithf properiidss TheNayerRtaBe foriedhy-a VatiBf of depositidhteéhmiqliés tetermined
in part bythetype R material heing,deposited: ok exampie, hin film depsitionmay involve chemical

vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and electroless plating

processesSEagh tgyer is genérally pattemedtd B pottisha'éractive ToRfsurehts Hassivekdmponents,

or electrical coRngetioNs PRIWESHLOMPRNEINS of thel R&ylayers-can be palterned-using or
photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer

to be patErredA pattéhfistfarsferred fidoRPE pRbISaskd%the phodtsresist bsihgdight °Fheportion of
the photasesisbpattern subjacted to lightis ramayed nsingraiselvenis expasing pertians-afdhe waderlying
layer to be patterned. The remainder of the photoresist is removed, Ieavin%]behind a patterned layer.

Alternatively, Eomi fyped st mateRals e pattehieed 5y BirB&iy depdditiny the Adterial into the areas or
voids formeddye prevatisotie pasitionietechpregesseusing technigites. suatvas: eleetrpless and electrolytic

plating. formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip

carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are

shown in FIG. 1 for purposes of illustration.



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 polishﬂgéc'l'threocoirgbingg] mec i(gna(‘jll acg%n of tshteaab gg,'ﬁ/enaendscosr{%sﬁi]vg ci;icon of the
chemical removes any irregular Popography, resulting i a unﬁormlyr} at surtace.”” ack-end
manufactusiag refers serutting dr singulatingkthedmishe dowafer imtodhe individoakdie and then packaging
the die for struetural.support.and environmentaliselajian, To Singulais e, die, {he walgy ig spored and
broken along non-functiona regions of the wafer called saiv streets of scribes. The wafer 1S gingulated
using a ldserzuttingctoobonsaw bidder After sigutationethe individ gt @i are melated-tond package
substrate ghat includes pigs pr cantact pads for dnterconnection with, gthet-system companents. Contact
pads formed over the semiconductor die are then connected to contact pads within the package. The
electricaltonmecticis eédn be peadeswith sofdet bundds, Siuid bemps seatidiktive paste, or wirebonds. An
encapsulapt,ar.ether mojging materiahis deposited owerthe package 1o provide physical support and
electrical isolation. The finished package is then inserted into an electrical system and the functionality of
the semiEBrHIRESTUSACEB Tnadeavailable tBieldthaef spstefPesmpérentstegratediG. 1 illustrates

electronic.devige 59 having ¢ chip,carrier substrate or printed;cirquithaard (P&B) 52 with aplurality of
semiconductor packages mounted on its surface. Electronic device 50 may have one type of

semicondUiciGrFackageY oF Rititiphe tyPedsdt sermcsiuticipackabes Cdeserftfitdg A e application. The
different types &f sgmiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronic device 50 may be a stand-alone system that uses the semiconductor packar%es to perform one

or more electrical functidhs, Afterratively? efectfoni d&Vice 809Ray bé h Sulltdmpdrient of a larger

system. arrexample] elecispaicdeyice 20 maytie-a graphies earch aietwerk intesface card, or other signal
processing card that can be inserted into a computer. The semiconductor package can include

microproC&SstrS T HoriesLApIaATEn LRBEIfic hi8Fratd cirtdits (ASIESHGHi Grctits "aralog circuits,
RF circuits; disesetedevicest or ather searcenducigizdie os electrcal comperestssf PCcB IR FIG. 1, PCB
52 provides a general substrate for sltructuraﬂs%pport Tng electricaﬂ intgrcoPnect of thg semiconductor
package§1 motnted ok thé PEB 'Conductive signal tracés 54 %tre formed overa sﬁrjfgcel(r)lg\ivithin layers of
PCB 52 usimg evaparation nejectealytic platingpetestsole ssptatinglspreehtprintingr orether suitable metal
depositio .proc%szisgl%réas! trages 54 V%rg\éidg Ofgr gl‘factrjccall cgrfpng:unication bect\{vggnbeea,&rq\ of the

. Igna r r S C ©] unjica S
semicon UC(%OI‘ packages, mounFedocomponents, and:of:ner externglfnsys%em components.eﬂaces 54 also

provide poaveEr and droend eonpectibnsttoreaehad{dbe semiconduetbrqpackagesits, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

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

For the purpose of illustration, several types of

-10-



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.
AGitionally: SSveral o bes O S Tovel CA R, i DALy (AT Bo- ke chp
carrier (BGCG)62,uatirelinépackage (@B) 62, landdgtidcamay: (UGA) 66 vmukitchipmecdudé (MOM) 68,
duad fet doodsRrad package (QENIE0. AL uR At Backeds, T aLe Sho g e LR 2
Depending upon the system requirements, any combination of'semicon uctor packages, configured with
any combsihatiorref-firse and 3eécond fovellpadkaging stytes; aslwealkad Biher efectrohicidormiponents, can

be connegled.tp REE,52.4g someembaiments.glegtoniedevice 50, ncludes.a single Atached

semiconductor package, while other embodiments call for multiple intérconnected packages. By
combiningasheagiem 6f&" ¥emitondattdr paeRadesdveracsingie substraie, manufaciperstesh intorporate

pre-mad%e@mggnen%%@%@%gﬁv'@ﬁé andsystems Becalse fhe semjcondiigtar packages

include sophisticated functionality, electronic devices can be manufactured using cheaper components
and a streamfif&d AraHif&ctaing procEE3SThE PesUltg Bevices Are lssTiRBR B F4il aRd téss expensive

to manufagtues resuingin s ower £ost fof CORSUME St yv1es, FIGSy2aRcshowgxemplary

semiconductor packages. FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
electronic components, can be connected to PCB 52. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.

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

region of semiconductor die 74. Contact pads 76 are one or more
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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 (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), .or silver (Ag), and are electrically
oot B The i but SRR TrAH Shih dorEontadtor G 74 Brt s dscr e oF DIP 64,
semicondubtor, die 44 i$Inounted ¢ ah intéimediate darrier )78 using algotd-silisgn eutecticdayer or
adnesive material sudh gs fermal pagxy. The packageaadlncludes annsuiaive pagkaging material
such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical interconnect
between sermicondiietsraie Fd<antRPCBIBZ. Ercapsakinb 84 i depdsitetioverahe paskage for

environmenal Pﬁo@gti%HXP&%V%;B”ZQH“?'&?%%@%@JQ°'8§EEO{%F“‘Féi”QstE‘S ackggg gnd

contaminating die 74 or erelbonds . FIG.IZb iIIustrates further detail of BCC 62 mounted on
PCB 52. Sehlicondiidredie B8 isqneunted oveéhearyies 90aisiig an underillest égoxyesin adhesive

material 22, lire bopds 94.proyide fiyshlevelpackingintercopaecthefyween coptact pads 96 and 98.

Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to
provide physRalSuppoitand eleetical isol&ionfoF el device COeRaECpads 202 afd fatiféd over a

surface of PGB 52.usingsa syitable metal deposition such elecyolytic plajing, rglectroless plating to

prevent oxidation. Contact pads 102 are electrically connected to one or more conductive signal traces 54

in PCB 58 BhApRADZ sre orfied betl€e Ebntact pads 980 BEX b2 ShdicoriiadtPatlsetb2 of PCB 52.
In FIG. 2¢,sa8micppdyctok dieS& isrmeditedface down todptesmediste sarrier 106:with g flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits

implemefted HsEGive HEVREST passive HEOReS Eoidtitve 14y erd ArtPdiedetric layers formed

according ¢ thewelgetricabdesign ofithe-digi Fer exarmples the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active gion 108.

Semiconductor die 58 fs'électricaily ahd Mechaicaiy cBhine&ted1d cafrier1de tr?? oUYHBNFPs 110.

on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

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

analog or digital circuits implemented as active devices,

-12-



BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the device. The flip chip semiconductor device provides a short electrical conduction path from the
active deyices on,semisonduetor.die 58 fo conduction tracks on REBS2 in,order (o redugs signal
propagati%n distance. lower cépaci?ance, and Imp?']ove overall circuit per ormance’ T another
embodiment,dhd semitcanductoradie S8carele dwechanically and efectricallccomestadldirectlyto PCB 52

using flip ch}p styefirst lev Iea agi Wtho%t inter edIi\l te carrier 106, FIGs. 3a-3h lllustrate, in
relation t6 FIGs. it arrqa%a%ﬁe‘cc, aug%?‘é%% o{? orm?r?gg a rlijga%Pl %ltﬁraséemllc%%%ﬁéto%%i%euﬁgéﬁgg TSv
mounted drpacavitp 0f a substrateo FG. 3asghohiser sermicondtctot wafert E20veditaining & base substrate

material 1,%%%@ 28 §i.licogegqrggqu5@tggllig%a%sgnpg, gldé'lgpﬁhggm' eaI%silicon carbide, for

structural support. An insulating or passivation layer 124 is formed over a first surface of substrate
material T2ZNakewise Lan fulstingest passiaitivn dayerO26-B forméd buars séédnd surface of

substrate material 123; oppgsite the-first syrface of subgirate materal l2g, The{ngwlating jayers 124 and

126 contain one or more layers of silicon dioxide (S102), silicon nitride (Si3N4), silicon oxynitride (SiON),

tantalum PeRtoxide’ {1d20%) BAbmirtum DxrRC@IZ03)C BE btHet Hiatefialthaling Sintildhfsulating and

structurakprepedies. & pgdnsulatingslayers.124 and 126-1are fermed HsingRVR o GY R Pripting, spin
coating, spray coating, sintering, or thermal oxidation. A portion of insulating layers 124 and 126 is

removed asXHowrkTaces 34 FiE. BhEar éleehicig oRttieiellafer B8 1f0rmeéa &+ thel femoved
portion ofingulating dayer 4124 andelestrically sapductivedayerm3dis forned in theiremoved portion of
insulating layer 126 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating
process, OF Bttt 'StitaBiEShe & BEpBEHSN processe Cofd GEt(R/eclﬁ%ﬁsefZSlé)ﬁd 530N be6ne or more

layers of phy(su,c8n, Niuptlo Ag, ok ather suitablelectdealyrconduetve materal,The portions of
conductive layers 128 and 130 can be electrically comman or electrically isolated depending on the
design arid fdhctidndf T SEmitoRatictor YeVice® PTOVifiPeIc 3 A tavity B opehihy 136 is formed
through insulating layers 424 andd?6-anrd suhstkate aratetalsl 2husiag laset Dutting-took er saw blade.
Cavity 136 can be regtangular, ciredlar, oroer suitable form factor: . juce signal

propagation distance, lower capacitance, and improve overall

circuit performance. 1In another embodiment, the semiconductor

die 58 can be mechanically and electrically connected directly

to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.

FIGs. 3a-3h illustrate, in relation to FIGs. 1 and 2a-

2c, a process of forming a Fi-PoP with a semiconductor die

having TSV mounted in a cavity of a substrate. FIG. 3a shows a

semiconductor wafer 120 containing a base substrate material 122

such as silicon, germanium, gallium arsenide, indium phosphide,

or silicon carbide, for structural support. An insulating or

passivation layer 124 is formed over a first surface of

substrate material 122. Likewise, an insulating or passivation

layer 126 is formed over a second surface of substrate material

-13-



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 cjrcuits, such as.digital signal processor
(DSP), Alé%,’ mé o??,lgreot Sgre sigﬁglsﬁ:ro%%gs%ﬁ %irgﬁt.%élzorﬁ;%:gﬁéﬁctrg?g%r n?ta%g'lso {c)}c}ﬁtain IPD,
such as indsctoes; tapacditorsrand Pesistors, TIGORE sigraal processing. riotypichh RErsystem requires
mult?ple Ic?%iig Qrpedoromggpesq@iicgglgyc_tg{ pa k%gens. to Ip%{gorQnstl”%r}le)c,_esgzilr]yieIS%trical functions_. A
semiconductor die wit t}fwrough organic via (T%) can be |sposed1|n cavity 136. T another embodiment,
semiconduttoridie otconfpcnéht 1881 an imersoser withd SVEBaHSposedihwavity36xide A plurality
of vias is {%rm%% Sh,roggh 8%1&0%@595 of, g@g&p&sg&ﬁ% g?lﬂ%gﬁ%l’aqrﬂw‘ég gkstchmg process, such
as deep reactive 1on etching (DRIE). The vias are filled with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W,
poly-silicért, rordthieaduitabie elecirfcally cohdudtivelmaterizd usimgP\eD 12V D riectrofytitislating,
electroless plating pracessponotheysuitahle metal deposition. gracess to form, conductivg through silicon
vias (TSV) 144. TSV 144 can be formed in semiconductor die 138 prior to mounting the die in cavity 136.
TSV 144 Thnise élegtrically irtercbrnetrédtedrding td: thedésign of thel dig it 6 ptonat Yedistribution

layers (RPL) 14p0m agliveswiacs k42 and subsirate 120. In FIG. 3e, bond wires 146 are formed
between conductive layer 128 and TSV 144. An encapsulant or molding compound 148 is deposited over

semiconductor die 138%and ihSulatiRg I&7ere2t<ing alpastE prifting, ot gra¥sive hadlding, transfer
molding, figuid-encapsulaat maldingvacsim mipatian,or1othemnsuitable applicater Encapsulant 148
can be polymer composite material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer
with prop%i‘ﬁhtéﬁ Eﬁ%&ﬂﬁulﬁﬁpfﬁ%@ﬁ(@n-&éﬁﬁfct%@ GntFerirdRRTEntAIy-Prote @8 tYe Semiconductor
device freyprexternabelements and . cgntaninants: A perties of encapsulant 148 is remoyvediby, an etching
process to expose active surface 142 and ISV 144. Backing tape 140 is removed in FIG. 3f. In
FIG. 3g, tHedévice i&3nvéréd hha sémconutititiortfle of tommponeht $56 i€ mblifted (898¥7144, opposite
active sutface 442rusing bumps ez Semicpaductos dieplal metudescamactivei surfaceykbdscontaining
analog or. digital circuits implemented as active devices, passive devices, conductive Layers, and
dielectric]lgﬁger% érr#e%? Wﬁ%lrhr%ee die %narelén&ﬁgalE/aiﬁ?e[grgor?ﬁec‘%eﬁd a%gdrd#lréf to the e%ldtriéﬁ ‘design
and function ot therdie uEaréxXampleetherdircuitimay imclude: are onatore tkahsistarisediodes, and other
circuit elements formed within.active surface 154 to_ implement haseband analog circuits, qr digital circuits,
cuch a6 BEB. ASIE, GO o eF SRl Brocb2ang Brat e oRuaer i 156 s also contain
IPD, suclrasrivductorss tapdaitors, land resisterse fordRfe sighahprovessing. Adypigal REdystem requires
multiple Ig?ﬁ’ci@ one %rfm%ees%rgjgggg}.{a@é tp(‘_a}gkza%evs. tgeperform the necessary electrical functions. An
underfill material 156 such as epoxy resin Is deposnedlunder semiconductor die 150. In another
embodiment, semiconductél€ompeonenrt I50véarybea dissreie serhitondactop devicetrhoomel to ISV

144. insulating layers 124 and 126 and substrate material 122 using

laser cutting tool or saw blade. Cavity 136 can be rectangular,
circular, or other suitable form factor.

In FIG. 3d, a semiconductor die or component 138 is
disposed in cavity 136 and secured with backing tape 140.
Semiconductor die 138 includes an active surface 142 containing
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed

within the die and electrically interconnected according to the
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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, B1, Cu, solder, and combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump
material is bonded to conductive layer 130 using a suitable attachment or bonding process. In one

embodimeft, Cttgg bggrlp Epaterial isa Ir%{lo]):z\{led l%y. heatir]L.g th?emgterial alpove its melH’rég p%@t to form

sphericalebaﬁls or]bumps 758 9n some ap&?cajfigﬂs,obumps 158%te reflowed a Second fime to improve

electricalcontact to memductiveddyerct30. dtheriouraps can also-be sompression bended tdreanductive
layer 130, Bumps. 15 Lepresent,ans. e, pf intprconnect, sirusiys that gap be Jormed oyer conductive

layer 130. The interconnect structure can also use bond wires, stud bump, micro , or other electrical
interconnegscband d4ndlGy3h itheudaviceois atfair invertedandisemicondbctas didiaridomponent 160

with contagtpads 162,adented downwardia Adliphip ariangementismouniaelp L3Y J4dauith bumps
164. Semiconductor die 160 is mounted in the removed portion of encapsulant 148 to reduce device
thickness: SemticdnductendiecrsdiiptRided &h dctiversurfaeeé sieccuntainihglahalog e digital circuits

Implemented, as.agtive deyices; passive devicescandyctive ﬁﬁerw@,dig&%ept@cf_@gsgssfpﬁg?ed within
the die and electrically Interconnected according to the electrical design and function of the die. For
example thBXHEaR & ineReSohe” 6LmbFE frafisistors [diodES antFothee ciréuifeefhents formed within

active sutfage 46640 implementibaseband apalog.circuits or dligital sircyits; such as DSP, ASIC, memory,

or other signal p,rocessin%cwcuit,. Semiconductor die 160 may also contain IPD, such as inductors,
capacitorsU8fd +&8istors, FoPRE TG4l procassihgs A'typitat REC&Ete Mt Fstiuires mMaltipiEIPDs in one or
more serpiganguctar packagesita pesfermthe necessary alestrieal fupgtionsywmanother embodiment,

semiconductor component 160 can be a discrete semiconductor device mounted to TSV 144,
semiconductor die or component 138 is an interposer with TSVs
disposed in cavity 136.

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

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

molding, transfer molding, liquid encapsulant molding, wvacuum
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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 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

semiconguactgrnc niwﬁjgtr;enot% 1§Qhaen]g 15601 igargggc%d b lJolirecgj cr:onn%crgion throir‘%‘éh‘? vV gr TOV of the
semicon ucr?or (?le, , Or Interposer dfsposed inCavi y i@g. ) l‘:‘%j.sélshows f‘ of’ éjtructure 170
includinglike fedturesrdesonibed in &1@s.t8a-88 In aslditiona lameipateyorleadframetinterpdserrl72 is

electrically connected t V 144hwi£h Pym}ps 176. opd ires 146 are Iectricglle nnected through
Interposeéf/pﬁ}éytoa#§\y 13 .%S‘é]rlnifcondhctoer die or cgr%p‘\c])rﬁ\%ﬁt Y?lé: wi rc%%%ct p%ldsgo]?iénted downward in
a flipchipErrangenmienttis ifblinied toonterpodect 2 withrslneps 182 r8emicohductor diee £ 78 Includes an

active suface 184 containing Analog,or dioital ircuits Implemented s active devices, passive devices,

conductive layers, and dielectric layers formed within the die and electrically Interconnected according to
the electricdl designearicsfunclioir of thecdie Foraxamnplel #d citdit rhay 1rslade dnkoradiore transistors,

diodes, and gtherCifpuif lemepts f@&g‘sgé"’iﬁﬂ@ aclivesgyrface. 184 1o lmplemgpt pageband analog
circuits or digital Circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor
die 178 miay-aisoEontdif IPBY stiéh aSTiiRYors cdpacitors, and resistors, for RF signal processing. A

typical RF system requiresgmultipte|PDs, i one Qi-moke semicondugtos packages-toperéargy-the
necessary electrical functions. In another embodiment, semiconductor component 178 can be a discrete

semicondtiorrdeiCERIFFREd fohterpoBeMTEE T He rehdindérof tRBREAthFSS @6schibad in FIGs. 3g-3h

is added (@ FFROP stucturestitly bumps FI626 showsifloReR stryetuse 4904ncludingthe deatyres
described in FIGs. 3a-3f. In addition, embedded bumps 192 are electrically connected to TSV 144 and
bond wiréS 148 SAF BhEAFSUIANt orTRBIIY ¢opBaRd 1935 depddifetoversemisnductor die 138 and

insulating fayee h24 tstnosa pasteiprintingy compressivasmeldiagtransier melding diguid encapsulant
molding, vacuum lamination, or other suitable applicator. Alternatively, embedded conductive pillars or

mold vias- 847 b8 fofth&d Thste&d bf émbeaded Buhipstor ifdr pitch infscomiedidf. Encapsulant 193

can be pelymet €oayi0site Tnateriak stel asepoxy sesinvgthctiller hepexyeaarylate with didegror polymer
with propgrrlgll%r. Enca sula%t %%3 Is non- copductlve an enV|r%r(1emgri1tra(I:I¥Protects the slelrllggonductor

device fromex élrrﬁ%Fé ements and contaminants. <M+ t t may inc
one or more transistors, diodes, and other circuit elements
formed within active surface 154 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 150 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions. An underfill material 156 such
as epoxy resin is deposited under semiconductor die 150. 1In
another embodiment, semiconductor component 150 can be a
discrete semiconductor device mounted to TSV 144.

An electrically conductive bump material is deposited

over conductive layer 130 using an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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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 circuﬁg@le ents formed .\:vi hiré aagti%% sxr{aces%%ﬁo Imglgm%r% bj]?%ba d analog

circuits oP]é%ﬁ%F&r'cuits, Such'a§ If%aﬁeﬁé , memory, or other s’ignafl’procés& cuit. Semiconductor

die 194 nay alsolcdmtaindRD, suclpas inducterst bapacitors, vandhresistanst foriRA sijhakprocessing. A
typical RE sysem [equites,mulipleJPbs ifyone,on pore semiconductor packages tojperlorm he

necessary electrical functions. In ahother embodiment, semiconductor component can be a discrete
semiconductbr-device aouited tooembedded bampsclgit The réhvaihdenofithé featatesidescribed in

FIGs. 391301i5 added t8§ﬁz§’195:§%°t%e¥é?0-1%‘ém8§ }Qé allow sermicondyctpr campopent 194 to be

mounted over encapsulant 193 and electrically connected to TSV 144 without a dedicated mold chase or
specializ&¢ eAcags RASIEpOcesIEs B exFivecsEmicohdudtbedirurds. mater iFIGLF shows FI-PoP

structure@@@ﬂewgeiw%hﬁég%tyﬁg_s similar 19 F1Gs.13a:3F,4a addition.dam matsrial or wiyezon-film (WIF)
encapsulant material 202 is deposited over semiconductor die 138 which eliminates the need for a

dedicate@ Ritid thase Br Spéciaiized emcapsufation ProessesaBrekposé Hee die. THEGEmanTder of the
features describedin RlGs;3¢3hds @ddeddo Fi-PaR stucture1 20Q 5 ca1  HJe: Sshows FI-PoP

structure 210 including the features described in FIGs. 3a-3f. In addition, semiconductor die or component
212 is mOted Gl Serhfahuctd? die 138 aRdrdtectricaly dotheete (" PEY AR 4 AN PESHittive layer

128 with bymps2{&: Seneiconducton die 212slnelusles an activesistace 214 eqmpainiyg analog or digital

circuits Implemented as active devices, passive devices, conductive layers, and dielectric
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.

In FIG. 3h, the device is again inverted and

semiconductor die or component 160 with contact pads 162
oriented downward in a flipchip arrangement is mounted to TSV
144 with bumps 164. Semiconductor die 160 is mounted in the
removed portion of encapsulant 148 to reduce device thickness.
Semiconductor die 160 includes an active surface 166 containing
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 166 to implement
baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
160 may also contain IPD, such as inductors, capacitors, and

resistors, for RF signal processing. A typical RF system
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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 RF system requires multiple IPDs
in one or more.seergicr%nq ctogga%ga[ggs {0 perform the necessary Cel%c%ricilﬁ‘%nctioc S. Ine%n%tger

C

. regulr 1 , on r mo S o a a
embodlmen% semlconélu OP 1e or component%la IS an Interposer wit U]% S m}(o)un edgover

semiconductdrodie 1138 neces dapluralityeoftvias ésl fofmedtthrough semicendudterdie or interposer 212
using laser drilling or etchi process, ch as IE, Ehe i re filled with Al, Cu, .Sn, Ni, Au, Ag, W,
gmgogl em?. %%gneconéu %%r %o onent i/?t? %gn \%%’ SV %é?rét

poly-silicon, or other suita lectrically conductive material using P e ectro?ytic plating,
electroless=plating prodess, deuthet suitableenetapdepdsitidrt process to form conductive ISVs 216. TSV

216 can be formed in %ef'éi‘?o'ld%‘ﬁ%@ief%l—zp%@%t@é“%‘é@ﬁ%o‘é%{e?aé’g%ﬁ%%nﬁ&%]@ can.be

electrically interconnected according to the design of the die with optional RDL 219 on active surface 214.
Bond wiré§220@re forasetPbetveenicdhdietive rayep 128 aheloPSY 218, Aadricapsdfan®ér molding

compoung, 222 is deposited over, semispnguctes die. 2.2 and insulating, layer. 124 using a paste printing,

compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other suitable
applicatof SRSt 222 TR ol el TONpusité tRateriBl siéR asEpox§TesSiAVALHRSE, epoxy

acrylate with fillerp 1 polymerwuth,Broper filler, ERgapsilantbz22 is nony¢epductiye 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, laminate or
leadframe interposer 172 is electrically connected to TSV 144
with bumps 176. Bond wires 146 are electrically connected
through interposer 172 to TSV 144. Semiconductor die or
component 178 with contact pads oriented downward in a flipchip
arrangement is mounted to interposer 172 with bumps 182.
Semiconductor die 178 includes an active surface 184 containing
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 184 to implement

baseband analog circuits or digital circuits, such as DSP, ASIC,
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and environmentally protects the semiconductor device from external elements and contaminants. A
portion of encapsulant 222 is 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, passive devices, conductive layers, and dielectric layers formed within the
die and %%%g%ally ing_ﬁert(:jocr}l]nee]_ptesdl ac%olrdingotg ethg erllectrcicarl delsjcgn a%defuP&tjig 19f IchoerdigiFor example,
the circuit may ihélude one or moregt?ansigtors, (1S|oc}esq,I and other circuit elements formed Within active
surface 228aonimplemelnt haseband analog circthitsaor digithl circuits, stehasiDSPsASH@dmemory, or

other signal processing %i cuiEESe [ ntiuctordie 24 may aAs cont inlIPEg, such.as inductors,
capacitor]g%g@ﬁg %éjéﬁsétbrs,#gr RF s%r?a% ?oroé)é:s%lcnegs.%Alﬂ/ ical ngcg s%egr% requirgg ?ntu ttlnple IPDs in one or
more semicanductor padkagesao Performnthenrecessaryetectrivaldfanctionse AnaavderfilE material 230

such as epgxy Jesin s deposited ynder semicppdugtorgie 224, 1n another gmbgdiment, semiconductor

component 224 can be a discrete semiconductor device mounted to TSV 144. An electrically
conductiinbaaprifateriabisteposited boer conutive layef Sl 30ausihg an evapordion, electrolytic

plating, elecirolessplating. halldrop, QLSGeen Prgling pLacesse Fhe bump materjal can be-Al, Sn, Ni, Au,

Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For example, the bump
material €4n bé@utectie BiPbIRRyArIea Solder fddead-tEesolder. ThéIshinys mateH&Hs bonded to
conductivg-layer 13Q 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, Burfips gB?%?é’ feflowdP] seESHE fithetoliftprovie éledital Edftact to conductive

layer 130 Theumpsican alsehe compressiorshonded torgongdugtive dayer 430 Bumps2adrepresent

one type of interconnect structure that can be formed over conductive layer 130. The interconnect

structure tah &6 uSe Hohd Wires $ttPBaREERcrbbuhmy, or tthérélebiriedl iRteresnred

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

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

and electrically interconnected according to the electrical
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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 within. active surface 238 to implement baseband analog circuits _or digital circuits, such as DSP,
ASIC, méﬁrﬁcs)rly(,y or %%&er%lélnca b?gce%gr%hﬁrc%ﬁ.eSerﬁ?ggndeu% gnrp ic ’2351%ne1a§ éi:s%uclogntgﬁﬁylPD, such as

inductorsj capacitorsrancoresistors, foraRE signat processings A typidabRResysteim cequires multiple IPDs

in one or atesericeRdyctar pakages (o perform ihe nesessayy aleatied dyagions, In angiher
embodiment, semiconductor component 234 can be a discrete semiconductor device mounted to TSV
216. anaF@. 9 showstRi-RoP Strgcthipel 240 inohiding tive: feataresiddscribed th FIGs1@a#3f. In

addition, semicanduictor, ie,or component 242 dispased partially.in and-partially ouy f,cayity 136.
Semiconductor die 242 %rther includes notch or recess 243 which overhangs substrate 120 outside
cavity 1381senmficorductior di@ 242 indludes andetive sarface Rag ebataining haloypdrdigital circuits

implementgd agraclive,devices, passive devicgs,.conductive jayers,and diglectric.laygrs forped within the
die and electrically interconnected according to the electrical design and function of the die. For example,
the circuit Fiay ihBluBBDrietorfAbfe FaASISORS \Hiddss, RharctRECciFQuItREaEmeRts folmed within active

surface 244 tadmplementhaseband analog girsuits or digital Sirguits, sHEh @sRSP, ASIC, memory, or

other signal processm%sgircuit. Semiconductor die 242 may also contain IPD, such as inductors,

capacitorsCRnd rEsIstorS ForRERIGTA prdcessify! A preat RECSSRIEM I8 dires fiftité IPDs in one or

more semisonddctabpaekagesdopestormdhenesessary electiical funetionsa &-apethenembodiment,
semiconductor die or component 242 is an interposer with ISVs disposed partially in and partially out of

cavity 1363 tUT eSAGiGalityGividS st toried tHrotgh senitcsirdlictsr die of Witerddser 245 sing laser

drilling orietohingmragess] spch asdRE=rTheovias ate fillecbwith A nCu,18m, N Atk Agount¥Wd
poly-silicon, or other suitable electrically conductive material using PVD, CVD, electrolytic plating,
electrolesy’ 5iatifig PrECEES2BF other shitdble Histal d&Fasitior Brotess 16 fdrm &aductive TSV 246. TSV
246 can ke formed in semiconduciomdie?42nprier tormewattngathe-diel ire aavitys1d6 TS 246 can be
electrically interconnected according to the deg{?n of thg die %tg optional RDL 245 on active surface 244
and substrate 130 TSV 246 1R Hotch 243 are'e e%ﬁ?crally connacted to conductive layer 128 with bumps
248. FIG. 7 shows Fi-PoP structure 200 including the

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

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

devices, passive devices, conductive layers, and dielectric
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Bond wires 250 are formed between conductive layer 128 and ISV 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 the semiconductqr device from external elements and. contaminants. A portion of encapsulant
252 is reﬁ%%éé %ygaonreec in“élér%%gsg Foee%lo%eagﬁggs%?%%é erli‘ﬁ]nd1 %?52§DDGC%edSemiconductor
die or componenti2s4 isomourtedltodSVi246], oppoesite astive surfadel 244 ,afsindgbumps 2568 or

Semicongu%tgr giee ZSC%QCICuldreguairka%g/e slurgfcfg 0%580%%nt§ilni%%galgg or di%itcaé ](::iécuits implemented
as active evug—:‘s, passive devices, conductive ayers, and dielectric layers formed within the die and
electricalfjiintérsonretied abeordingrtouthe etdctrical tdesigrravd functiba of the diec Forexample, the

ciroit may ipcluge.qpe ar,mpre ransistars, digdss, andiothes eicuitelaments formed wihig active

surface 258 to implement baseband analog circuits or digital circuits, such as DSP, ASIC, memory, or
other sigralProéessity eiréditt Sermiedadotordie X8 may Hise comaltiPs sughastifddctors,

capacitorg, And Lesistors, fouRE signalprocessing. A ypical RFssystemJgayices muliple 1RDs in one or

more semiconductor packages to perform the necessary electrical functions. An underfill ma’terial 260
such as éFFxgTesints depbsitéd GndérrsemicbAdudtdr 89754 1R aPBETET Embodifmehy Befféonductor

componegit 224 caprbe-a discrete semicqpductongdevice maunted ten 1.QV 248: conductor
packages to perform the necessary electrical functions. 1In
another embodiment, semiconductor die or component 212 is an
interposer with TSVs 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,
Ti, W, poly-silicon, or other suitable electrically conductive
material using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form conductive TSVs 216. TSV 216 can be formed in
semiconductor die 212 prior to mounting over cavity 136. TSV
216 can be electrically interconnected according to the design
of the die with optional RDL 219 on active surface 214.

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

polymer with proper filler. Encapsulant 222 is non-conductive

—-21-



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, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 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
2621 S3E AP AT BP0 S e o SBLL P 0 o 0o SRctal pontact 0
conductivsxlagen30 clkenbumpsacan also bercompressionZonded toconduetiveanygerl 530, Bumps 262
represent gge pype, afplargonect struplyre (At can be lormed.gver condugtiug Jayer 430, The
Interconniect sfructure can also’use bond wire : gtudcbump, micro %ump, or other electrical Interconnect.
Semiconductordié drsdbrapdnent 264 with contact pads oriented downward in a flipchip arrangement is
mounted to TSV 246 with hurmps, 266, Semiconductos die 264 Inclydes an,agtiye surface 266 containing
analog or digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric
layers forhded withirrthetdie ant electAcalfalaterédrnected agcordigstothe electrical design and function
of the dies Ei0r example, he gircuit may;inclide ane.or more, transistors, diodes; angd,ather Gifgyit elements
formed within active surface 266 to Implement baseband analog circuits or digital circuits, such as DSP,
ASIC, mefshL or othet sigrial précessihgErcuie Seffediucisr die 2¥smag alsecontain IPD, such as
inductors, gapacitorgAnd-eesistersy i RE signal pracessings AdyricalbRE QSM&%img!ﬁiple IPDs
in one or more semiconductor packages to perform the necessary electrical functions. In another
embodim&ht 'semiEoRdictsr E8MpSAsHZ64-can Be Hrdiscretd semicendactor teviee rhburited to TSV

246. e1eFi@1 20 shaws Fi-Pobh structdre:- 246 including the features.desgebed i FIGs 3a-3c and
semiconductor die or component 274 mounted over cavity 136. Semiconductor die 274 includes an active

surface 278 ¢COhtdinityandlod of QighaFcircuiftimplérmanteddLadive deiced, paBsive detices,
conductivei layers; anddielgeisiclayersdormedh withincthegie andrelectrically intereapnestechaccording to
the electrical design and function of the die. For example, the circuit may include one or more transistors,

diodes, andGtHEF Siréfitelefents fofmed withifl A8tVe suffades 578 To impletheht bRsEbant afalog
circuits omdigital/Gireuitspstelras DHR, 1A, dremorny or btherisignal psadessingaeiteiit. Semiconductor

die 274 %alsg coﬁ%ig IF(;Qh%gcf}lE;ng)rbducéorghc%%acjtgés,Ca,cngrrgsis(t:%rséfor tRolf_ﬁsigngl %rocessing. A
typical R sysfreln%]requwes mul |pre IPDs ih 6ne or more Semiconduttor p%cﬁalges fo per]florm the

necessaryeeiectticalfunctiionskin anothel embodiment; semiconducicradie BF compoaent 274 is an

interposerr é/vitlpilrSVs rlggygtedl%v%&ﬁggit% %32 e or A Ipéurgg%i J S’i IS fog_ﬁmec(i31 (t:r]lirgu%h se(r)niconductor
die or interp%ser 574 usmgﬁgser rilling or etcﬂlng process, such as ﬂgtf)he Vias'ar iﬁe& with Al, Cu,
Sn, Ni, ApgAgorm the necessary electrical functions. An underfill

material 230 such as epoxy resin is deposited under
semiconductor die 224. In another embodiment, semiconductor
component 224 can be a discrete semiconductor device mounted to
TSV 144.

An electrically conductive bump material is deposited
over conductive layer 130 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,

high-lead solder, or lead-free solder. The bump material is
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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. ISV
280 can be formed in semiconductor die 274 prior to mounting the die. ISV 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 %oor%%%ndt%% IS dg%%%siit\(feg quer senﬂgqg‘ndlyctor die 274 ir?%n%o(i)?sulaagg%é%er 1t24_ousing a paste

.. cO er,. S1n a S r..
printing, compressive molding, transfer rﬁolﬁlng iquid er%apsufé (%ng, vacuum lamination, or other
suitable a:ppii«iiatpy. Emmwﬂant 284 carebeqobty@riam@mpdﬁite mataviaﬁthmlepcs_(y resin with filler,
epoxy acpylate with, filer, %EB%'}’H‘”%%“ %r§§g££|g f. 51%‘8‘%85“1'%@ 284 sinon-condyctive apd,
environmentally protec¥s the semiconductor device from external elements and contaminants. A portion of
encapsulanh284 &reniavedshy an letohiisg protess o expose aptive sarfacen278 andisVv2280.

Semicondyctor dig,of. component 286 15 mounted 16,13Y 280, 9pRQsite Adfive Shurface 278, using bumps

288. Semiconductor die 286 includes an active surface 290 containing analog or digital circuits
implemeteddscactive devites, pasSsive degicksnesndietive lferdarrdieketictyeroforadd within the

die and elegticallyJaterconnerted aseardingdohe ejenirical desianand functign of the de. For exarmple,
the circuit may include one or more transistors, diodes, and other circuit elements formed within active
surface 2904BIRPIEHREN Fasebaht ehaldtpéircis dtligitaBieuits! Such ARDSPLASIC amermory, or

other signalgrocessing gireuit Seraicendyctordie 286-may A1sQ,contain bRy skehas, induetgrs,
capacitors, and resistors, for RF signal processing. A typical RF system requires multiple IPDs in one or

monasaﬁk@ﬁdu&é?ﬁ&c@ﬁﬁ%door other electrical interconnect.
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 within
active surface 238 to implement baseband analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 234 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing. A typical RF system requires multiple IPDs in one
or more semiconductor packages to perform the necessary
electrical functions. In another embodiment, semiconductor
component 234 can be a discrete semiconductor device mounted to
TSV 216.

FIG. 9 shows Fi-PoP structure 240 including the

features described in FIGs. 3a-3f. In addition, semiconductor
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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 process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinatipns thereof, with an optional.flux solution. Fqr.e le, the bump materjal can be eutectic
SHVPb, NighoeRs SOTIBF SR 1o SITe The (LD Aatanal 1 baded  Eomd ch e 1ayar 130 using a
suitable attachment © bondigiprocdss: inoneéiemBddiment,tthebuimmg inateralns reflowed by heating the

material ghowe, s melting,oint (0. form.spherical il gr bums 29440 come geleafigps, bumps 294
are reflowed a second time to improve e ectrical contact to conductive ayer 130. The umps can also be
compressien-bonddd ¢6 eondactiveddyemI30 Bumps 294 tepresentdne typeddf intencennech structure

that can be farmed,over conduetive laygr 130, The infercoppectsticiure can-alsa use bond wires, stud

bump, micro bump, or other electrical interconnect. Semiconductor die or component 296 with
contact pads dieatetedowaward ipra flipehipcartaniementis inolirted €6 TSV 280/ ¢dth bupaps298.

Semicongly¢tgr die.296 ipcludes an.adtive sytface, 300,cantaining.analgg o digita) circyits implemented

as active devices, passive devices, conductive layers, and dielectric layers formed within the die and

electricalf/lififerédriiectéd aéeorditit tofthe elétiical desivh aid functieh of 1reBikS Fok BRample, the

circuit may; include qne,onmoeie; Jransistorsy diades, and otheycireuit elements formned yithin-active
surface 300 to implement baseband analog circuits or digital circuits, such as DSP, ASIC, memory, or

other sighalTBeesSHGEREE SEMIREAUCIb AR Z96-a alsd éamairtith, iuich R iRBG b,

capacitonsa ane fesisteors: feuRE signal psocassings A typical REsystemdeguires meiiple ARDs jn one or
more semiconductor packages to perform the necessary electrical functions. In another embodiment,

semicon@FtOr domPEnétt 296 SHPBE & dISGERPSeMEondGEDT Hevice SHoGR 16 T8 28b°

242 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 242 is an interposer
with TSVs disposed partially in and partially out of cavity 136.
A plurality of vias is formed through semiconductor
die or interposer 242 using laser drilling or etching process,
such as DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag,
Ti, W, poly-silicon, or other suitable electrically conductive
material using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form conductive TSV 246. TSV 246 can be formed in semiconductor
die 242 prior to mounting the die in cavity 136. TSV 246 can be
electrically interconnected according to the design of the die
with optional RDL 245 on active surface 244 and substrate 120.
TSV 246 in notch 243 are electrically connected to conductive

layer 128 with bumps 248.
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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
e AR SLTSTEL, r B Lo et e, s

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 the semiconductor device from

external elements and contaminants. A portion of encapsulant

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
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providing a substrate; forming a first cavity through the substrate; forming a via through a first
semiconductor die; filling the via with conductive material to form a conductive via; mounting the first
semiconductor die in the cavity; depositing an encapsulant over the substrate and a first surface of the
first semiconductor die; removing a portion of the encapsulant to create a second cavity within the
encapsulant and to expose the first surface of the first semiconductor die;

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
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 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,
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mounting a second semiconductor die to the first surface of the first semiconductor die with an active
surface of the second semiconductor die disposed within the second cavity to reduce a height of the
semiconductor device, the second semiconductor die being electrically connected to the conductive via,
and mounting a third semiconductor die over a second surface of the first semiconductor die opposite
the first surface of the first semiconductor die such that the third semiconductor die is electrically
connectegl uto the gegor&d s rgircgndgctoaq dietghrrgugh Itlh %%ndluscgi(\j/g Svia ipotpeﬁgst sierplicgnductor die. 2.
The methodpgf H&im Lf, further |rfcludaiﬁg:cform|ng’a first conductive layer on the susbs?ra?e; and

forming apbornckwirérizetween the first coRductivetayerandicorductivé tviae 1 8. ThR® methodoéclaim 1,

L‘;gher ingluaing dispozing an (ierReses epyeen the first semiconductqr die and sgcond semiconductor
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
component 274 mounted over cavity 136. Semiconductor die 274
includes an active surface 278 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
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4. The method of claim 1, further including disposing a fourth semiconductor die having conductive vias
between the first semiconductor die and second semiconductor die. 5. The method of claim 1, wherein
the first semiconductor die extends above the first cavity. 6. The method of claim 1, further including
forming a heat sink over a surface of the third semiconductor die opposite the first semiconductor die. 7.
A method of manufacturing a semiconductor device, comprising: providing a substrate; forming a first
Cavﬁyﬂvggg%t@%gggggggé 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,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator. 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 1is removed by an etching process to expose active surface
278 and TSV 280.
Semiconductor die or component 286 is mounted to TSV
280, opposite active surface 278, using bumps 288.
Semiconductor die 286 includes an active surface 290 containing
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 290 to implement
baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
286 may also contain IPD, such as inductors, capacitors, and
resistors, for RF signal processing. A typical RF system

requires multiple IPDs in one or more semiconductor packages to
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providing a first semiconductor component; forming a conductive through silicon via (TSV) through the
first semiconductor component; mounting the first semiconductor component in the first cavity;
depositing an encapsulant over the substrate and a first surface of the first semiconductor component;
removing a portion of the encapsulant to create a second

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
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 294. 1In some applications, bumps 294
are reflowed a second time to improve electrical contact to
conductive layer 130. The bumps can also be compression bonded
to conductive layer 130. Bumps 294 represent one type of
interconnect structure that can be formed over conductive layer
130. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

Semiconductor die or component 296 with contact pads
oriented downward in a flipchip arrangement is mounted to TSV
280 with bumps 298. Semiconductor die 296 includes an active
surface 300 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function

of the die. For example, the circuit may include one or more
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cavity within the encapsulant over the first surface of the first semiconductor component; and

mounting a second semiconductor component to the first surface of the first semiconductor
componentwith a surface of the second semiconductor die disposed within the second cavity, the second
semiconductor component being electrically connected to the conductive TSV. 8. The method of claim 7,
further including mounting a third semiconductor component over a second surface of the first
semiconductor cor‘gf%onent goly (gsite the grs(t) gHrface of theifjtrfs,te iemi@cgggu%tgr co pongﬂtl. 9. The

method o Ié?ar}rsrlLi Urthér incfu ?nsg: af%rmlng a first conductive g?er o the Subs ra‘?lel; ancpforming a

bond wire betweerstheffarstcariductive 1ayel endrdondaistive T8 Vankd. ddecrmethodcef claim 7, further
'(:“Ocr']:‘s(';gecg%‘?;}%%sé’lg an inigoser bgtween thedisst sermjconguctor compongptand second semiconductor

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

component 296 can be a discrete semiconductor device mounted to

TSV 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
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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11. The method of claim 7, further including disposing a third semiconductor component having
conductive vias between the first semiconductor component and second semiconductor component. 12.
The method of claim 7, wherein the first semiconductor component extends above the first cavity. 13.
The method of claim 7, wherein the first semiconductor component is a semiconductor die, integrated
passive device, or interposer. 14. A method of manufacturing a semiconductor device, comprising:

Claims

What is claimed:

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

providing a substrate;

forming a first cavity through the substrate;

forming a via through a first semiconductor die;

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

mounting the first semiconductor die in the cavity;

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

removing a portion of the encapsulant to create a second
cavity within the encapsulant and to expose the first surface of
the first semiconductor die;

mounting a second semiconductor die to the first surface of
the first semiconductor die with an active surface of the second
semiconductor die disposed within the second cavity to reduce a
height of the semiconductor device, the second semiconductor die
being electrically connected to the conductive via; and

mounting a third semiconductor die over a second surface of
the first semiconductor die opposite the first surface of the
first semiconductor die such that the third semiconductor die is
electrically connected to the second semiconductor die through

the conductive via in the first semiconductor die.

2. The method of claim 1, further including:

forming a first conductive layer on the substrate; and
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providing a substrate; forming first a cavity through the substrate; providing a first semiconductor
component; forming a conductive through silicon via (TSV) through the first semiconductor
component; mounting the first semiconductor component in the cavity; depositing an encapsulant over
the substrate and a first surface of the first semiconductor component; removing a portion of the
encapsulant over the first semiconductor component to create a second cavity within the encapsulant;
and forming a bond wire between the first conductive layer and

conductive via.

3. The method of claim 1, further including disposing an
interposer between the first semiconductor die and second

semiconductor die.

4. The method of claim 1, further including disposing a fourth
semiconductor die having conductive vias between the first

semiconductor die and second semiconductor die.

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

extends above the first cavity.

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

first semiconductor die.

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

providing a substrate;

forming a first cavity through the substrate;

providing a first semiconductor component;

forming a conductive through silicon via (TSV) through the
first semiconductor component;

mounting the first semiconductor component in the first
cavity;

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

removing a portion of the encapsulant to create a second
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mounting a second semiconductor component over the first surface of the first semiconductor component
with a portion of the second semiconductor die disposed within the second cavity. 15. The method of
claim 14, further including forming bumps between the first semiconductor component and second
semiconductor component. 16. The method of claim 14, further including disposing an interposer
between the first semiconductor component and second semiconductor component. 17. The method of

claim 14, further induding disposing a fourth semigonductor. camponent having.condugfive TSV between
the first semiconductor component and second semiconductor component.
first semiconductor component; and
mounting a second semiconductor component to the first
surface of the first semiconductor componentwith a surface of
the second semiconductor die disposed within the second cavity,

the second semiconductor component being electrically connected

to the conductive TSV.

8. The method of claim 7, further including mounting a third
semiconductor component over a second surface of the first
semiconductor component opposite the first surface of the first

semiconductor component.

9. The method of claim 7, further including:
forming a first conductive layer on the substrate; and
forming a bond wire between the first conductive layer and

conductive TSV.

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

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

semiconductor component and second semiconductor component.

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

component extends above the first cavity.

13. The method of claim 7, wherein the first semiconductor
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18. The method of claim 14, wherein the first semiconductor component is a semiconductor die,
integrated passive device, or interposer. 19. The method of claim 14, further including: forming a first
conductive layer on the substrate; forming a bond wire between the first conductive layer and conductive
TSV; and depositing wire-in-film material over the bond wire. 20. The method of claim 14, further
including mounting a third semiconductor component over a second surface of the first semiconductor
component opposite the first suiface of the first semicondyctar. component such that the third
semiconductor componentis eFec;[LrlcaIfIy connected 16 the second semiconductor compon’en?ﬁwrough the
conductiviewianp e first semiconductor component.

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

providing a substrate;

forming first a cavity through the substrate;

providing a first semiconductor component;

forming a conductive through silicon via (TSV) through the
first semiconductor component;

mounting the first semiconductor component in the cavity;

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

removing a portion of the encapsulant over the first
semiconductor component to create a second cavity within the
encapsulant; and

mounting a second semiconductor component over the first
surface of the first semiconductor component with a portion of

the second semiconductor die disposed within the second cavity.

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

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

semiconductor component.

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

fourth semiconductor component having conductive TSV between the
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first semiconductor component and second semiconductor

component.

18. The method of claim 14, wherein the first semiconductor
component i1is a semiconductor die, integrated passive device, or

interposer.

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

depositing wire—-in-film material over the bond wire.

20. The method of claim 14, further including mounting a third
semiconductor component over a second surface of the first
semiconductor component opposite the first surface of the first
semiconductor component such that the third semiconductor
component is electrically connected to the second semiconductor
component through the conductive via in the first semiconductor

component.
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