SEMICONDUCTOR DEVICE AND METHOD OF FORMING CAVITY IN BUILD-UP INTERCONNECT
STRUCTURE FOR SHORT SIGNAL PATH BETWEEN DIE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming a cavity between portions of a build-up interconnect structure. A lower
semiconductor die is mounted in the cavity to provide a shortiég‘nalfgath to an upper semiconductor die.

Backgrounosmlj:'1t"ﬁ:|gcﬁ’ﬂ?(-{'}ﬁ%(?lR DEVICE, CHPRe0feE BNy Tdurdd'iiBRo 4R P lectronic
products. SemiEgﬁm8PHg\ﬁge§$Mqﬂqﬁ§ nﬁ%e?%ﬂﬁ%e%gﬁyﬁ‘ef’e% a‘FEEWE%HeRIISE 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). Integratedrsssnidosdutine deweeatyipieally 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 deviceg perfprm sewideirange tof functiohs seish as highrspeed calculations, transmitting
and receivinngielec%omggnegc sijgnals, cogtrollin% electrotnic d vic%fs tratnsformin%sunli tt% electricity,
and creatslr?g vista blr%jec]fiongYorct%Fev?srfoﬁ dllré% a(leys? Semiconductgr ~° & Semreeontuctor
device and method of forming a cavity between portions of a

build-up interconnect structure. A lower semiconductor die is
mounted in the cavity to provide a short signal path to an upper

semiconductor die.
Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating

visual projections for television displays. Semiconductor



devices are found in the fields of entertainment, communications, power conversion, networks,
computers, and consumer products. Semiconductor devices are also found in military applications,
aviation, automotive, industrial controllers, and office equipment. Semiconductor devices exploit
the electrical properties of semiconductor materials. The atomic structure of semiconductor material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through tH& pt6Ees oyl D aping fiftrodtices imphrified mtd thied &&hiconductor material to

manipulate and ot el theLonsugtivityefithe semiegndustarsdesdce. comput Arsemigarductor device
contains active and passive electrical structures. Active structures, including bi(E)oIar and field effect

transistors® BSHFGIthE8 FIRR ST SiectricaMEUrBHE By Vanyilty [evefs 6Fdoding 8nd Appfication of an electric
field or base curent, Hig-transistos eitheapromates pr sestoetsthe dowiefrleetrealicurrent. Passive
structures, including resistors, capacitors, and.inductors, create a relationship between voltage and
current ngeélsts%?gn%ﬁgl’foﬁﬁ % \%?%hfgf 2 tiFfinctions. The passive and active structures are
electrically connected tecfotmair¢uits,onhichehable thesemicondidcten deviee taperform high-speed
calculations and %ther us%ful function% ‘ S%miconguctor {jﬁ:vice§ are gengrallgtmanufa%tured using
two comﬁi&D %%earnujféecstuﬁng Sb?éncle%%gsﬁ?e.?ﬁon Cend rlnaan“(fjfacturlr(leg,"jan%ln\olack“(f’enréiJ ma%ﬁ?ac?uring, each
involving petentiatiy heindredsatfesteps. Frohtbend manufdetating aablvesittiedormation ofa pturality of die

on the sifae, o 2.semiognaistor wafer, Eaeh gie isvpisely dentical andsoptaips,sirgyits formed by
electrlcalﬂ]/ con%ectmg active an
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

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

contains circuits formed by electrically connecting active and



passive components. Back-end manufacturing involves singulating individual die from the finished wafer
and packaging the die to provide structural support and environmental isolation. One goal of
semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semiconductor devices have a smaller footprint, which is desirable for smaller end products. A smaller die

size mayEPECHiEvéP By hprovemerts e frortaBHY FrotBEs PEsUMTHEPIn (e with Satfer Righer
density active and passive companents Backienbprogesses Ay rgsulk iysergiconduetor deyice
packages with a smaller footprint by improvements in electrical interconnection and packaging materials.

The eleckicalihtscSmiettioniA b ARSI WardPRverdhip Searpackage (FBRWA'ESP) containing
semiconductor devicesstacked ondultipleilevels capde acoontplished with cendustive dhareugh silicon

vias (TS\Q, tmrgu%h hole vias (THV), or Cu-OPIated cogduggv?%)igtar& Vias are formg% in silicon or organic
material Sroundthe Hi& GSIRG TASE Hrilliig or déep redbive ion Sehing DRIE tas are filled with
conductiveomaterial 1 fos exampterhy sappermndepositioreusing maretegtreplatingapracesg,rtodarm dhe
conductive TSVs Ppgc'lilél\r{%.lThe I%\rlls %Hg THVs further fgnnect through oﬁluélgélip interconnect structures

. more e . a tilpn sma er .semic eviCces.
which aré formed across each semiconductor die.’ nrhlgc'h-spee semiconductor aeewces, such as

used in commupication applicationg rthetstacksemiconddetor dioieed torceammuhicate ida fast and
efficient magg%ré%ns con\AenStirggﬂléOV\éLiCSP the si na& t;eg\vclﬁen the s%acked die must b% Sroutgd through

. ] . d
build-up interconnect layers, as well as t e?é\zlg and'T vhic \é%useglolnr?sﬁgr\{e%mpea?hs. The longer

signal patthered@rcés:ther@b@mspeexﬁ_@ﬁﬂi@iﬁl_@-\ﬁ,/ncm Iwia*dtliti@m;ﬂlrkebuild_atig]'rrﬂe_rconnect Iayers_
are formegl across each semiconductar.dig. everin areas not used for signal rguting, whigh ynnecessarily

adds manufacturing materials and cost.
result in semiconductor device packages with a smaller footprint

by improvements in electrical interconnection and packaging
materials.

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

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

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



Summary of the Invention A need exists for a high speed vertical interconnect structure in
FO-WLCSP. Accordingly, in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a temporary carrier, mounting a first
semiconductor die with its active surface oriented to the temporary carrier, depositing an encapsulant
over the first semiconductor die and temporary carrier, removiré% the tempo:%% carrier to expose a first

side of theEhtapSulait aRd attve Sarfaes 6Pthefirst Serhicolbbicior die! formiHg a'maskihg Sayer over the

active surfaee af the first semiconduetor gie; andfeemingra first iterconnget-structure over the first side of
the encapsulant. The masking layer blocks formation of the first interconnect structure over the active

surface of T firdt SBfmictndittor did Sthe hetlSd further intiGdes the StéFS ot redVing te masking
layer to femm arcavity ©ves theradtivesimtaceofiilte firsi semiceandustar-die, antimevsting a second
semiconductor die in the cavity. The second semiconductor die is electrically connected to the active
surface of the first semiconductor die. In another embodiment, the present invention is a method
of making a semiconductor device coaptismy thefstehe of pyendingra temporary carrier, mounting a first
semiconductor die with its active surface oriented to the temporary carrier, depositing an encapsulant
over the first semiconductor die and temporary carrier, removing the temporary carrier to expose a first
side of the encapsulant forringesfirst térconaettisituctyrecavey ¢he first Sidendfethe @mcapsulant without
covering the active surface of t itst semiconductor die, and mounting, a semiconductor component over
the active Eﬁrlfgtécél of thé%i%?s@é%éﬁduc%?ﬁ%ﬂ%ﬁ%%ﬁ ’polrﬁor?snce)f tﬁg Pr?tllrﬁteer}génr%étf}:? structure. The
semiconducterccompornventts efectricallyrcehhectedtorthé astiver ssfacecofttiedirstrsedmiconductor die.
In another smbadiment. the present inventipn.is amethod;of making a semiconductor deyige gomprising
the steps of providing a first semiconductor die, depasiting an encapsulant over the first semiconductor
die, formingfa fisst irtercbnpBEiustCiudicyer thé ehtapsutantigitiout Cevering anrctide sarface of the
first semicpaducingdie, a0d souning a sepisonauglor samannept averheAclve shdage pf the firs

[

semiconductor die between portions of the first interconnect structure. The semiconductor component is
electricalBFEbrreetetrfecthe bictive RUrfac8P e firsE SémiconduE®reie.n9 the |hYpptiet ©mbodiment,

the preseny inventiopds a.seguconductordevige;comprising afirst semicandugtos die.angencapsulant
deposited over the first semiconductor die. A first interconnect structure is formed over the encapsulant
without cBVEriigan aktivé suface bf tHeirsCEeicbRductor diet Areemtondlictdk e8/MpbRBREis mounted

over the active surfaceefithe fitst.semiconductercdie betweer porionsof the figst dnteggonnect structure.
The semiconductor component is electrically connected to the active surface of the first semiconductor
die. forming a first 1nterconnect structure over the first side of

the encapsulant. The masking layer blocks formation of the

first interconnect structure over the active surface of the

first semiconductor die. The method further includes the steps

of removing the masking layer to form a cavity over the active

surface of the first semiconductor die, and mounting a second

semiconductor die in the cavity. The second semiconductor die

is electrically connected to the active surface of the first

semiconductor die.

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

die with its active surface oriented to the temporary carrier,

depositing an encapsulant over the first semiconductor die and



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages
mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative semiconductor packages
mounted to the PCB; FIGs. 3a-3g lllustrate a process of forming a cavity between portions of the build-up
interconnect structure for a short signal path between the upper and lower stacked die;

temporary carrier, removing the temporary carrier to expose a
first side of the encapsulant, forming a first interconnect
structure over the first side of the encapsulant without
covering the active surface of the first semiconductor die, and
mounting a semiconductor component over the active surface of
the first semiconductor die between portions of the first
interconnect structure. The semiconductor component is
electrically connected to the active surface of the first
semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die, depositing an encapsulant
over the first semiconductor die, forming a first interconnect
structure over the encapsulant without covering an active
surface of the first semiconductor die, and mounting a
semiconductor component over the active surface of the first
semiconductor die between portions of the first interconnect
structure. The semiconductor component is electrically
connected to the active surface of the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
encapsulant deposited over the first semiconductor die. A first
interconnect structure is formed over the encapsulant without
covering an active surface of the first semiconductor die. A
semiconductor component is mounted over the active surface of
the first semiconductor die between portions of the first
interconnect structure. The semiconductor component is
electrically connected to the active surface of the first

semiconductor die.



FIG. 4 illustrates the FO-WLCSP with the short signal path between upper and lower stacked
semiconductor die; FIG. 5 lllustrates the back surface of the upper semiconductor die exposed,;

FIG. 6 illustrates a ISV formed through the upper semiconductor die; FIG. 7 lllustrates an
encapsulant formed around the lower semiconductor die; FIG. 8 lllustrates a TIM and heat sink
formed over the upper semiconductor die; FIG. 9 illustrates the ISV formed through and TIM

and heat sink formed over the BFp& s RfitERdRGOPRIOE the Drawings

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

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

FIGs. 3a-3g illustrate a process of forming a cavity
between portions of the build-up interconnect structure for a
short signal path between the upper and lower stacked die;

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

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

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

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

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

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

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

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

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

FIG. 13 illustrates a heat spreader mounted in the
cavity and attached to the upper semiconductor die;

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



FIG. 10 lllustrates an EMI shielding layer formed around the lower semiconductor die; FIG. 11
lllustrates a discrete semiconductor component mounted in the cavity and attached to the upper die;
FIG. 12 lllustrates a topside build-up Interconnect structure and additional semiconductor die over the
upper semiconductor die; FIG. 13 lllustrates a heat spreader mounted in the cavity and
attached to the upper semiconductor die; FIGs. 14a-141 lllustrate another process of forming a_ cavity in

the build-tp“irte¥canhect Strigttit&!forta SRoTE Sigharpath bEtweeh thE upper and iiwer stacked!
semiconglictor dieraB@dn the upper and lower stacked semiconductor die; and

FIG. 15 illustrates the FO-WLCSP with the short signal

path between upper and lower stacked semiconductor die.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
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



FIG. 15 illustrates the FO-WLCSP with the short signal path between upper and lower stacked
semiconductor die. Detailed Description of the Drawings The present invention is described in
one or more embodiments in the following description with reference to the figures, in which like numerals
represent the same or 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; Hodifiatishs, aRE @etivaihts BRThaY be irdaded Withfithid'Spirit &Htfscope of the
inventionassdefinet-by the. appensiedclaimsran their egiivalentssas supportagkby the following
disclosure and drawings. Semiconductor devices are generally manufactured using two complex
man ufacﬁﬁilﬂbcp%gé%‘sqé%? frBAEERD FartfadtGifng A0 BACRENY MEndfa iYL Frértterd mAhufacturing
involves theformation ofa plwality ofitie avghe supface eka semicanductamwater dcach digion the wafer
contains active and <|c7>assive glectrical components, V\éhiCh are electrical% connected to form functional
electrical SHTIS Adtive el 8trigalM EompSients "sUbh s transistdrs Shd Bodes) havé the ability to control
the flow afelectficahcutrent HRassive electiicat campanentsa sudhas capaditors,linduetors, resistors, and

transformers, cregte a relati%nshi betVﬁen v%lta e.and g%rrent necessgr Lg dperfor@ elecqical circuit
. conduc Br Or namlca fﬁ] cha 11Ng, e , semligon r z’fl] erla
functions. aSsive and active contponents are’formed over the surface of the semiconductor

wafer by asetiestaf processrsteps ancladingadeping, Idepositionf photdlithograptsy, @tchirg,tand
planarization. Doping introduces.impurities into tl%e semiconductor material techniqueg such as ion
impIantaa'gtlornaé)lrS th%?r%gfdiﬁag%ﬁl?hé %%h?n%spr%cegg ]rfﬁ/old?f?est%%eeﬁec?tﬂ?algc%o%]a%%ﬁvi?y of semiconductor
material incactive devicesgednsformingethesemitonducibrlmatérial inte mpiinsylator ocorauctdrs or

dynamically changing the yemisenducter material conductivity in response tp an.glgetyic field gr base

current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable theftrdisistor fCprohtoté ot restaitt thesfovr vi sleetrical 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



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between
componentd °s 1 tiorrRtahe RIGHTSS paftdffed iRy PRBfHItTOYFEpRY Ve iivohedthe position
of light sensitivermaterial, & gaphetoresist, 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 solveRERXPOEYDottibhs Bf theldhdefiyikgHiayert 159 fattémed ThE t8Mainder of the
photoresisk tscrentovesh leavingybehind acpatterned layer ndlternatively, sorae dypescef matesials are
patterned by directly de ositin%trslfe material into tf’tLe are]las or.voids forgled by a previous deposition/etch
process U8iHg tédhngues duch s 8lettroless Aht elélirdlytic piatify = 3¢ “Depssiting athinFilm of
material pwerdarcexistig pattermrchmexaggésatedhe underyingpatterr and Createsai ren-uniformly flat
surface. éougifgggl flat sug?ge ‘_Lsrr.e u{reg rgo rod%cee srggléer %nd more degg%% Paglfe %gye and
passive comﬁonen s. Planarization ¢an be used to remove matieria]lﬁrorﬁ] é'surface of the wafer and
produce almifermlydlat suffacécPlanarzationdnpalves pelishing the surfgce” dbthesmafés wath a polishing
pad. An alyresive material and garfosive chemiel are added lo ihe.surface qf the wafer during polishing.
The combined mechanical action of the Abrasive and corrosive action of the chemical removes any
irregular topbgsaphyg resulting Ana anifesnlydlansodacel and ®ackeend mariufactodndg eefers to
cutting or siagbfaling [he nished waternia,inejogiicua e nd Ihen padiaain e die for siructural
support and environmental isolation. To singulate the die, the watfer is scored and broken along
non-functiondl ¥egidns et iiranwafelr called sawcstrdéts orBerisas! Thenwafep I singulated-tising a laser
cutting togko.saw hlade: After singulation, the individual die age mounted to a package,guhstrate that
includes pins or contact pads for interconnection with other system components. Contact pads formed
over the S&micoRAbTtof Hi are thEA%dnnected to contact pads within the package. The electrical

connections can be mage-with,sgldes bumps, siud,Bumpscandugtive paste, of wirebonds. An
encapsulant or other molding material is deposited over the packa%i to provide physical support and

electrical Jdolgtidt CFHriniSRed padiageis'tRé inseried irtetart Bletticar 3y sténfand the-fifktionality of
the semigandugtordeviceisdnade gyailable ta thesather, sysiem compenRentsonmental

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

available to the other system components.



FIG. 1 illustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one

or more electrical funcfiors: Altetrldtivelyt eiéctroniEaévicd 56 gy be% sitbdumipdient of A 1&rger
system. kerexampleuglectranie deviger50may be a graphies sad, networkintesfaes card, or other signal
processing card_that can be inserted into a computer. The semiconductor package can include

microprobestote, thémoties SHPHIRRHBA SPECHE Hidgfiied Rkt (A8 c) N gRTiraifts "analog circuits,
SF circuits] discreis devites; oeother semicenductordlie ppelectricateompenedisor packdyE)G. 1, PCB
52 provides a neraiﬂisubstrate for structyral support and electrical interconnect of the semiconductor
packageS Moldd B the BB GandUctive SIGHAT iaced 5% 418 formeir Bt A Biiiate oF fithin layers o
PCB 52 usipg evapdration, aleetralytic plating, electreless plating; sarpentprintingc ke gther suitable metal
depositionkprocess. SE'Lg[rg;aI trlac§s 54 gprovidg efor elgctr'c%al ggmmtunication between each of the

. wn 1 . r urpo o u r 100 .
SemICOHCfUC?OI‘ pacrkages, moun?ed omBonensts, anciLo er exiaernalnsystem components. Traces 54 also

provide power and grotind connedtionsctoisachdf the setmicanductorgpackages.system Intsome
embodlmentss atjqemlconductoag(%lgg hagctwg easck%lgln ele\f%lnglé%tele\éerl P glégglng Is a technique for

.use S Scl1COl s
mechamcaﬁly an electrlcaﬁy attaching the semiconductor die to an intermediate carrier. Second level

packag_ingliﬁvrﬂ\lte@ﬁﬂecﬁaniﬁc‘aﬂpaﬁ_d eI@clﬂ@mlyaaIﬁachm_thelimeirm@diiate_@amieﬁreto N\ REB. In other
embodiments, assgmicapductor dgvice may galy *L%YS%Q% firstievel packaging where.the dieis

mechanically and electrically mounted directly to the PCB.
device 50 may be a graphics card, network interface card, or

other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for

mechanically and electrically attaching the semiconductor die to

_10_



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of
semiconduttorpackages 2nfigired Gith anySotRbinafidr of BREAAE SeCond vk Backaging styles, as

well as othes elgctrenic gorapanents c¢an ba conneetedda BEPB SR In semermhedimests: electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconnedted Fackdyes. BY) cBhibifing BrebrifiBie’seficontucior Packade s sver Hsifigié substrate,
manufaciifers caivigcemperatenie-made copporestsigtoelectonicsleyicesand systems. Because the
semiconductor packages include fophistjcat functionality, electronic devices can be manufactured
using chéape ac%hcpgo% tsaaﬁd a sﬁl%%]r:rﬁ%ae% aﬁlﬁfé%ﬁﬁl%g beEss rhe’resiifting dévices are less
likely to fail and less expensitecstopnapufactuse redulting insa lower cost faraconsumess.of FIGs.
2a-2c sh%w exer‘rlplar lsemig]%nductor packaﬂ? . FIG. 2aillu tcr)%'ggs furtﬁ%er detg_ié of DCIiP Pfimounted on

jo . . )
PCB 52. Semiconductor dié 74 includes anac |vér}gg|%ﬁrc%n alnlngpéan% ggqgr |g|t3PC|rCU|tstmplemented

as activedevicess passiee geviges ocoritiligtive layetks|dndidieketing layerssfoarhed wyithin dhe die and are

electrically_inter oqnect(-id a cc})<rdin to the elﬁctr'cal desi nlof the die. For ex?ﬁeﬂl , circuit may
include o%gco?nn%oreet\r]gnsi&%rcs, %?o%?a%f inlcltbcctouré,lg z%?tg%rs,?ésﬁsto?s{raar% other (?:irgs:ﬁt’ erkélrlnme%ts formed
within thechdtivecreygioredf séifiiconddctordiel74.rCdnitact pads<7@ are(0A& br frfore layets of eédnductive

material, sueh as gluminum (Af), coppes, (), tin (1), pigke] (N, 9old (Au)s or silyer, (Ag), and;are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semicordietst di@TW)is Moumed! teian intéimédintecsagier 78 usiitea golusilizon eurdtietayer or

adhesivegpaterial sugh.as thermal epoxy. The package bady Includes:an insulative packaging material

such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide eléctrical interconnect
between SEmicaheReIoHHiIE 74 SRFEEBSD. Kitapsdlant 84 s BBpasited-6vet theé paekage for

environmental protegtian by pieventing maistwgang particles from eptering-the package and
contaminating die 74 or wire bonds 82. FIG. 2b illustrates further detail of BCC 62 mounted on
PCB 52. Skficatictorr BB 18 Mcunted bVER ca7 iR 90 1Rkihd an Kinderfl -or efox§S88in adhesive

material @2Wirerands 94-providefirstleyelnacking Interconnect ketwegn contact pads §6 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to

provide phyBitaPaIPIorPand Rt iSbldtion fof e d&ViEe CBRREFp&ds 102 AFe WitietPdver a

surface of B 82rusing a sujtabie4petal depgsitiompracess sueh as:electrelyticplating @ etectroless
plating to prevent oxidation. Contact pads 102 are electrically connected to one or more conductive signal

traces 54 MPCEB2. BlRp< 164 BFe- formedPetveen dBRtAEt patis 68'ct BCE 62 4 BSitatfpads 102

of PCB 58re-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

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

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

devices, conductive layers, and dielectric layers formed within
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In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.
SemicondliGtofdie 58'% A&tricaRrand niechanicall§ toRRBGEHE%6 carfet 1D thrdyH-BiEmps 110.
BGA 60 is eleatricalyiant-meghanicaliy, eornected 1o, PCB:52with, a B&A style-saeongklgvel packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through Gdips 190° siyhal'fides 114 M hithps 192°ATRoldiny eomhpaind 6reAcApsutat 116 is
deposited everssermicpnddetos gie=28 and cairersilérionprevitephiysical support aad eiectreal isolation
for the device. The flip chE[lEJ&semi onductor devig provides a short e ectgi al conduction path from the

active deVices Yh Semitohdaabrtie s to'édndliction tatks oh PEBS2'in Stasr o fedlbe Sijnal
propagationydistance, lowet capacitance; and ampravecoverall gircuit performance. dmapether

embodiment, the semiconductor.die 58 can.he mechanically and electrically connected directly to PCB 52
using flip i%la étyfelﬁlrst(%é]rﬁel pgékce?g?r% \Wﬁ%lﬁt iﬁ?e?%eg%ti ’ca(rjrlrersftlﬁk‘)vely 8{19[)F'IG;§,1.rl a-%ﬁ%/llustrate, in
relation te HGs rl aad 2a-2cranprocess obformng awavity befveeempertidonsot thevbaitdup Interconnect
structure for a short signal path betyween upper and lower stacked iconductor.die in.a EO-WLCSP. In
FIG. 3a, & Waloriof SUBSUATE or CArrier 120 6ontainS lemporaly o sacriicial base malarial Such as
silicon, pdlymet Apalgnereohpdsite, metal nceranmcl iglass, gassiepoxy$ besdliuim axige] dr other suitable
low-cost, rigid material,or ulk semicopduetor matetial for, structitgl suppart, Caprier 120;can also be tape.
In one embodiment, carrier 120 is 20.3 centimeters (cm) in diameter. An optional interface layer 122 can
be formedvey carrighrd 205<a tsmpordyy boadingdimaor eteh-sticp-layer.packagSemiconductor die or
components 124 are moynted to,interface layer.122 with contagt pads 1.26,0n active,surface 128 oriented
downward toward carrier 120. Active surface 128 contains analog or digital circuits implemented as active
devices, passive dedices ZcatitRictide |5ers antcdieletriclagers fofhel Wit the die and electrically
interconnected-aceardingto the electrical designand fungtion, of the-die giror exaaples the.gircuit may
include one or more transistors, diodes, and other circuit elements formed within active surface 128 to
implemertVaaléd tirEdts<erafigital cire Dife, SULRAS digit R <i§i7al e e $30r PBSPFIASKY memory, or
other sighal inyecessing airgiit-1Semisanducar digcl24i may@iko sertrinyP Dy sych as inductors,
capacitors, and resistors, for SF s%gnal processing. A typical SF system requires multiple IPDs in one or

more serficBhaTCtor padikagtsto PerfofmthEheceBssry Hectrical functions. In FIG. 3b, an

encapsulant or molding compgune 18045 depesitad: ever-seraisonducter diect24 usingapasie printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other suitable

applicatoP "Encapsufant 1%@%%%88@%&%%&%@ %&%ﬂﬁﬁ%ﬁcﬁ‘é@%p‘b@(ﬁé&ﬁ with filler, epoxy
acrylate wih filera or paltyser with propep filler- Enscapsulane:36 s rer-eenductive andemaronmentally

r he semicgn r. device from external elements and contaminan
protects tbgnsc?s 82 %%%971%% %elrs?t ?etgeqa fa%'ﬂ‘fntgs aindt%q_”égnneaégsbetween

contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads

98 of BCC 62 and contact pads 102 of PCB 52.
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In FIG. 3c, carrier 120 and optional interface layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet stripping. A masking layer 132
is formed over active surface 128 between contact pads 126. In FIG. 3d, a bottom-side build-up
interconnect structure 134 is formed over semiconductor die 124 and encapsulant 130. The build-up
interconnect structure 134 includes an insulating or passivation layer 136 containing one or more layers of
silicon dioxide (Si02), sifcdnfitride (SiSRA): %ﬂ?&%HCo&%itﬁﬂd@(sfigl\b?td?ﬁéﬂaﬁ?&erﬁ%%ed(%{?os),
aluminum exidedAk2Q3) i ar-ethek matertal hawingi similar nsuatingiandsstyucural praperties The
insulating layer 136 is formed using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidation®3 X291 e hohoh-Eide BifiiUp htercBhnEESHRRIFB B FufthEr SIS Eh - Bikctrically
conductivenlayer 138 farmeid-imlinsulating tayei g6 1sing a paderning and metal depgsition process such
as PVD, CVD, sputt rin% electrol ti%%lating, ar}[jj eIectroIess{gaI tin%[ Conductri%{e Ia%er 138 can%)e one or
more lay&1$0 lA?Cﬁfe ,cﬁlﬁ’Au?é{b, T other stitible eledt a%}?, RAUCtVE mAHARS O Péition of
conductiveclayer138 ixelectrically eannecied taleentact pads h26 of semiconduetarrdia 24 tQther
portions %f.cocnducti\ée Iayerr1 %?8 &gno%eeelgctriggg\é common g%glregtricgl%éijsfplated rg(f?pggd@g on the
design and function ot the Sémiconductor device. Mas ng Ié\yerl Blocks formation’ of build-up
interconnegpstructurss 134 evesactive, surfatect28of semiconductbrdent24. Wasking layei 182 is
removed in FIG. 3 ving.cavity 140 which exposes active surface 128 from the bottom-side of
semiconcfuec%roélle%lb%jf gseml%oi}%.c f?ger%(f{c):%n%%ctlosr d?e%rc %gﬁﬁgﬁégtsaﬂ[g are mounted within
cavity 140cbétveenadartions ofbyitdsdp frrterconneetrstiictute341a40 contaet pads on active surface 128
with contact pads 144 griented upward, Bumps 146 provide the eledtrical connggtion petween contact
pads 144 and active surface 128. Semiconductor die 142 includes an active surface containing analog or
digital cirBGis ipleriehted BSActivey deviees adshvevdayicess coaductivedapersbane dicldetric layers
formed withins the dig and.elegtrically intercannacted aceording.tothe slectrical design and function of the

die. For example, the circuit may include one or more transistors, diodes, and other circuit elements

formed withifithe 4cive Surfate 16 ifpRnvent aMafotPEirduiisot diditl chéditst subhzeDIPAASIC,

memory, oF other.gignal processing,¢ircuily Semisenducterdie 14208y algo ganiaindPD, such as
inductors, capacitors, and resistors, for RF signal processing. A typical RF s&stem requires multiple IPDs
Gnétiorierovide anp

in one orHigrederficoRYGetor BRAKEYRIUE PeFformthe herBes &y elddrica

electricalyrcondustive bgpprnatetial is depasited 0ves bulld-uprintesconnect stryetuge 13410d electrically
connected to conductive layer 138 using an evaporation, electrolytic plating, electroless plating, ball drop,

or screen” priftirfg procBS& R FUmbThatdfial €4n BE N FER SN AL AL PhL BF '&d, older, and

combinationsthetefnwith @R aptionat fiux selutior. Ferexasmplenthedbunp materalcaiike ggtectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer 138 using a

suitable dttachiTEit O bRRdING ETotesE! 1h Ohe¥mbBoditHet the Huhis Hidterial9s feflowed by heating the
material ahexyeaites mettingipeintiockermisphericakhallsiardnuweps 248, Inngonisrapplications, bumps 148
are reflowed a second time to improve electrical contactfo . .

clircult performance. n another embodiment, the semiconductor

die 58 can be mechanically and electrically connected directly

to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.

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

2c, a process of forming a cavity between portions of the build-

up interconnect structure for a short signal path between upper

and lower stacked semiconductor die in a FO-WLCSP. In FIG. 3a,

a wafer—form substrate or carrier 120 contains temporary or

sacrificial base material such as silicon, polymer, polymer
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conductive layer 138. The bumps can also be compression bonded to conductive layer 138. Bumps 148
represent one type of interconnect structure that can be formed over conductive layer 138. The
interconnect structure can also use bond wires, stud bump, micro bump, or other electrical interconnect.
In FIG. 3g, an underfill material 150 such as epoxy resin is deposited between semiconductor die 124 and

142. Semiconductor die 124 are singulated with saw blade or laser cutting device 152 into individual
semicondiftterdevies.metal, FET A howsROIWLCEP* £54 ahergingtiftivn. SEmicohtitttor die 142

is mounted-ineadty 140ifosmed between portionspfdhebettermsside buildiup interconneal stiueture 134
using masking layer 132. Semiconductor die 124 and 142 are electrically interconnected with bumps 146.
By placin§idemicondd&or ie T4 in ity 1200 e seatatiors betweer e dié foréduckdREsulting in a
short andreffisiesat sighabpatate impsavei electrizal performancesand instease operating speed of
FO-WLCSP 154. The height of semiconductor die 142, includin f?um s 146, is less than the height of
bumps 148 *Fia Sucrall WAIGHT of PO LESH 18 réddedd with (16 Abbvie AGeEITHaRIfatIing process
and structirerier 12in EKG .55, taeportioanf encagsulgntti3dtisaoemoved-yap elchjrg process to
expose back surface 15&(1)]‘ semé'%ocr]cdourcto die 124, Ir%FIGlQG4 a portion of en a@%ulant 130 is

0 expose

removed by an etching pro%g(sjsrl JackCSurfalEPTEE Of Semiconduictor die 124 A plurality of vias

is formedithreughasemiconductd? dievi2s usingtaser dridkiyg dLétchingaprocess, suchascDREE. The vias
are filled with Al Cél, %@I}I& ,%L(Jjt A%. titargg@a(rT]pi\/evr p?%s.ilic_%nc or oéher su%'table %Iggtrically conductive

. Orile a € S ace
material Usin IH\?D , € ectroFytlg p‘Tatlng, electroless plating prlo%ess}lgr Sther stitable metal

depositiopCpr@e'S‘_sStoafOﬁrh@mndncWeJTSl_vllSBL TS\ 158 tan berforrhed iﬁi_seminbhd@ctor die 124 prior
to mountjng.he die t%ﬁ‘é%qk?r%%_@é@ﬁ 122 E”F%%ﬁ?ﬁtﬁ%\é 158 cap be elegtrigally Intercppnected

according to the design of the die. . 7 shows an encapsulant or molding compound 160
deposited averand aroiiidl sericondicter diecl 42 dsingecpaste pihting néorprassietmelding, transfer

molding, iguid.epcapsulant molding. yacuum lamination.of pther suitalle appligatory Eacapgyjant 160
can be polymer composite material, such as epoxy résin with filler, epoxy acrylate with filler, or polymer
with propek#llerl EnchpsulartTe0-is ATHLcOndUGCHVe aifteriVironpiehtalAprotéedts fife semiconductor

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

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

elements and contaminants.
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In FIG. 8, a portion of encapsulant 130 is removed to expose back surface 156 of semiconductor die 124.
A thermal interface material (TIM) 162 is deposited over back surface 156 of semiconductor die 124,
opposite active surface 128. TIM 162 can be aluminum oxide, zinc oxide, boron nitride, or pulverized
silver. A heat sink 164 is mounted over TIM 162 and encapsulant 130. Heat sink 164 can be Al, Cu, or
another material with high thermal conductivity to provide heat dissipation for semiconductor die 124. TIM
162 aids in the distribufionahd dis$ipaticht dffrdat gehefated By SethicdndidrdRe4t aver  n FIG. 9,
a portion pf 2ngapsulanici@Qiisgemavedikysan etchingprocess e gxpese back swiace thp pf
semiconductor die 124. A plurality of vias is formed through semiconductor die 124 using laser drilling or
etching PrECEE) sGEH a8 DRIE e VA arReHIdewit Af%&rsr?ﬁ\‘?i?ﬂh?ﬁg, ?F Weboly-silicon, or other
suitable eleetiicaliynganductive srategahusiag PVEY, G¥Dreleatralytic plating; elestrolessatating process,
or other 3?-?%3 metal deposition Jprocess tgchﬁrm conductive TSV 170. TSV 170 can be formed in
semiconducto (%Vﬁ%npr o?%?ﬁourﬁﬁi%ssth € to Interface layer 122 in FIG. 3a. TSV 170 can be
electrically Interconnected atcarding, tosthetesign-efithe die.i 1d-up ThMd7dsdeposited over back
surface 156 of stemicoq%u?ctor di§ 124é8pgosite active surg;lcet128. IM ]LTZZ can he aluminum oxide, zinc
oxide, bo‘?’orwrﬁffrléltar,eor pu verized silver. A Tieat $ink 174 is mounted over If\l/l 172 and encapsulant 130.
Heat sinlebt4pan berAl, C80 or afbtheb miatertaipvitmhighdhermsaltconductivityrte prévide heat dissipation
for semiconductor die 124. TIM 172 aids in the distribution and dissipation of heat generated by
sermconder e Ao T o vt 176 Tormen fvar SamLor et die 142,
Shieldingrlayawt#6 ¢can be<Cw Alsfekritecor carbanyldrons stainless steetarickel sitvets low-carbon steel,
silicon-iropystegl, foil. eppxy.condustive resin, and efher metals and.conposites gapaple gtblocking or
absorbing electromagnetic interference (EMI), radio frequency interference (RFI), and other inter-device
interfererrceushialdingayer 1@sléa alsodbe @ hoaimerl materdalsuchss carbon-black or aluminum

flake to reduetheeffpots,af EM aod RE: Shieldiogdaver 176/s arounded. thiaoh cqaducfiys laver 178

to bumps 148. G. 11 shows passive components 180 mounted to contact pads on active
surface 128 ih CaRRY 146 1PAsSiVE componertsi T80 e4n bERésisters, IcapaciteP Frductorat o discrete

active deyicg8ering ol FiR Ada 8 Rluralityafydas is formed through encapsulant 130 using laser
drilling or etching process, such as DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W,

poly-silicon, or other sUitsébl&eletfitafly BnAudth& materaf erconnect structure 134

further includes an electrically conductive layer 138 formed in
insulating layer 136 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 138 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 138 1is
electrically connected to contact pads 126 of semiconductor die
124. Other portions of conductive layer 138 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

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

bottom—-side of semiconductor die 124.

_15_



using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition
process to form conductive THV 182. Alternatively, conductive pillars 182 are formed around
semiconductor die 124 prior to depositing encapsulant 130. Conductive pillars 182 are formed by
depositing a photoresist layer, etching vias in the photoresist, filling the vias with conductive material, and

removing the photoresist layer, leaving the conductive pillars. A topside build-up interconnect
structure 184 is formed BvéréircapSulant 36 “PRE Bhftd-up ifterCoriridtr sttGettre 184 ifciGdes an
insulatingher.passivationrayer-186 egntaining pae wsaroredayarsof Si02,15%13N4-S{ON, Ta205, Al203, or
other material having similar insulating and structural properties. The insulating layer 186 is formed using
PVD, CVB bhihfig, "Spitr cBatintg: 'Spray ¢odting: Qirfterig! 6F tHetfhial BRidafion." e SUr i€ topside
build-up intcannect stuetre 184durtheninslides aadelegtrigaly. comdugive layerd88.fogued in
insulating layer 186 using a patterning and metal deposition process suc PVD, CVD, sputtering,
cloctiol T haling St SR b RAS P CORLES BYBFT65 cBR4E o o ARé HyEEof Al Cu, Sn.
Ni, Au, Aguaifatber saitable tectriecalkconductives maderial nOhe gestiam obeanductive tayerd.88 is

electricall cqfnnected to_conductive vias 18C2. JfC;ther portions of cgr@lgnuct ve Cia)(/a%r 16188Ccan be electrically

common of & ea}:Jfrrilclarfl% iSola e%lgdéjprend%r?glorall ecaééllléﬁta%dlfrﬁﬁctloneg the semiconductor device.

Conductive viasek32 aresz-tirectignvinterspnoects between bettemsside haild-upliaterearnect structure

134 and to side bquId-mp i tercopnect structure 184 1 A serﬂcondu tor die or component 190 is
mounted t§ %%ﬁg-upoiﬁteercc:[;r‘f]nletct étrut(%tu?e 84 V\ﬁ{hdbuemg(s: 5ﬁ.cgem>{colnncﬁuec¥ocro n?%%ﬁﬁcludes an
active sufface 193wontainingaralegordigital clrctitsimplemdénted tascactivé devices] passiVe devices,

conductive, laxers, andflielesiic,ayers Jomed wihin the die A sectically ntergaunected according to

the electrical design and function of the die. For example, the circuit may include one or more transistors,
diodes, apdwihern cirgiit elémentsformedtwithinaetive siivase #1939 id mplehdent a@alodecircuits or digital

circuits, suchias DSP, ASIC; memary..ar.ather signal processing circuit, Semicanductor dig.190 may also

contain IPD, such as inductors, capacitors, and resistors, for SF signal processing. A typical SF system
requires multHIE IPBS it on8oRAiofe semiesifuctSrisackhges 36 pefont tke heBésdsary electrical

functionss AR undegfilbmaterial 494 sach A5 epaxy resinds depesited bepeathsemigonrdustar die 190.
FIG. 13 shows heat spreader 196 in cavity 140 mounted to active surface 128 of semiconductor die 124
with bump&RBBL Heat spreader $96 Histributes ahddissipate’ heat geRémted by sentiddridirttor die 124.

RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

An electrically conductive bump material is deposited
over build-up interconnect structure 134 and electrically
connected to conductive layer 138 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 138 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 148. In some applications, bumps 148

are reflowed a second time to improve electrical contact to
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FIGs. 14a-141 lllustrate another process of forming a cavity between portions of the build-up Interconnect
structure for a short signal path between upper and lower stacked semiconductor die in a FO-WLCSP. In
FIG. 14a, a wafer-form substrate or carrier 200 contains temporary or sacrificial base material such as
silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low-cost, rigid material or bulk semiconductor material for structural support. Carrier 200 can also be tape.
In one erfibddiHfENt "Garié¥ 260 is°20.3 chitfh BidfiteS #h GtishaP teARES fer 282 cand5eformed
over carries 200rafia tarmporasy bending filmmimgieh-stap laygk LA pluralidy 6f eptienal wvettable pads can
be formed over carrier 200. A plurality of dam walls 204 is deposited over interface layer 202 to form an
enclosure BFSUrt A deSignated areaihdrathe ative Suffacd o sEMidondtetdr Gie 368 Wil 6 located.

In FIG. 14Bshumps 206:are formed-on infetface layer 202. Semicanskickas thie wf eemponents 208 are
mounted over bumps 206 with contact pads 210 on active surface 212 oriented downward toward carrier
200. Alteprﬁ?ﬁélﬂf‘ ﬁﬁﬁagbﬁ%o ¢arrbe ?gﬁ‘r%d o %8%&%?%%% %&%]b?f%?%e ﬁ1to'unting semiconductor die
208 to carrier 200. Active strface 232 contains@naloglomdigial icircuits impleaterded as @active devices,
passive devices, con%%ctive.l ers, and dielectric layers formed within the die gn |&ectrically
interconnected accor mB‘%S ]t;% Céle%?r?gqa?%rés@%mzfn%’oﬁﬂdn%ﬁg? of leedié.ggof31 élgar?]g e, the circuit may
include oferor aporéctransistdrs; dictesa and othercicui@lemehtssfarnmed avithi activiessurface 212 to
implement analog circuits or digital circuits, such.as DSP, ASIC, memary, or.ather signal processing
circuit. Sgr%%lg%ln%%c%er\ajfecio grr%ayla %g contain Jﬂgﬁ‘fif‘js%uc yas Fn%(g%ocr%,g gapdaec\(tércsg, Sg'nd resistors, for RF
signal processing. A typical RF systera réquireés Ariltipe IRDS érone ogwiare semiconductor packages to

perform the necessary Electical fnctions. o n + «§1G,14C,5HQWs coptagt pads, 210.9f semiconductor
die 208 mounted to bumps 206 over interface layer 202. The height of bumps 206 is approximately the

same height 4s dam wall$ 264 bDariaks 264 ford d sealednérraiosure erbund thecareacddsignated for
active surface 212 befween iniedace layer 202 and activesyfage 21254 ang IMEIG.14d, an

encapsulant or molding compound 214 is deposited over semiconductor die 208 using a paste printing,
compresSive pidlding . trandfel Aioleng Shidqud entapsiaRtholdity, vaBtiumiasmination, or other suitable

applicatog. &ncapsylant 214.£88 beypolymer composite gnaterial, sugh asepoxysesinauth tiller, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant 214 is non-conductive and environmentally
protects theSsehfic6REUEEFdEGES Hoti ExtePnal eféEhtsArt Edritamirtatits ST 8hclBakre fofmed by

dam walls Z94arevides a-seat 1a pravent encapsulant2 d-from-spreading 40 theyinterirpastion of active
surface 212 between contact pads 210. Accordingly, dam walls 204 form cavity 216 below active surface

212 of sémicHhtidtordig 208 e RelgRE|@ L1 AE A RESET Ahd Opfiondlintetfate 1481202 are
removedibyrghemical etehinge mechanical peeleff. GMPomeashapical grinding Hbepnalkbake, laser

scanning, or wet s’gigpiFnég_. V@L@ggki?gélla%esr 2r168di3 Cfg[jm(%di thc%\{gté/ %1136097\éern%(:\9¥(19 surface 212 between
contact pAgs 16,
manufacturing process and structure.

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

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

W, poly-silicon, or other suitable electrically conductive

material using PVD, CVD, electrolytic plating, electroless
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In FIG. 14f, a bottom-side build-up interconnect structure 220 is formed over semiconductor die 208 and
encapsulant 214. The build-up interconnect structure 220 includes an insulating or passivation layer 222
containing one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 222 is formed using PVD, CVD, printing, spin
coating, spraﬁpoating, sintering or thermal oxidation. The bottom-side build-up interconnect

structure 220 fitAePiciies arP&letiridally Eandidtive 18 er224 formad in Msubdiitigager 222 using a

patterning angd metadidepasition process suchas RYD, VD isputtering electrelytic plating angd:
electroless, plating. Conductive layer 224 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable GIREIRAN) EGTAUCHYE MRAAT SheBrtion of Conddtive 156 324 Rrelbericaly Edfrected
through umps 266 ta sentaghpads 216 of semuiconductar <lie 208 0thel portionsiahepnductive layer 224
can be electrically cgmn%on qr electrically isolated depending on the design and function of the
semicondifcid device. - € lﬁ\/lasking layer 218 blocks formation of build-up interconnect structure 220
over active surface 212 o;semicandustos die 268 Masking layern2iBds memoveg dukiG 1149 leaving
cavity 228 which £xposes active dsurface 212 from thecﬁ)ottom-sige oflsggniconductor die 2,98. In
FIG. 14h, Sémiconductor die 6r corﬁrr)gﬁléln s%%lzfrgnmgﬁr?tga within cavityufiél,goe?vv@%ﬁ p%rtions of
build-up interconmect strosture 220y to contddtypads-ar astiversurfdcel 212 withaontact pads 232 oriented
upward. Bumps 234 provide-the electrical connection between contact pads 232 a ctive surface 212.
The comBnatns of Ahin Walk 364 And kg Ty ey 318 Shbvidb & ebper Cauty 32 10 house
semicondutdridie 230-havimg greatéethickhess.c8emicondadtondie 230unchides a hetivieasurface

containing, analag. oL digigl citcuits ipplamented as aclive flevices, passive dekices  qanductye layers,
and dielectric layers formed within the die and electrically interconnected according to the electrical
design ai furiction wi the BieoFor ekamphs; the Bircdipaiayanéludé dnesormorecteansistois/<liodes, and
other circyt elements fored within the activesurfacedo implementanalog circuitsordigital circuits, such
as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 230 may also contain IPD,
such as iRHGEBIS EaPAEHSE tand Fesistors; IBHSEighal processing. A typical SF system requires

multiple IPDs in one orpqofe semiconducior pagkages toperform thernecessaty glegiricakfupgtions.
An electrically conductive bump material is deposited over build-ugp interconnect structure 220 and
A

electricalfFeuitecistrto cohdtetie fayer 224 IR R €Vaperation Selbéttolyti® pldtmgletectroless

plating, ba}l deem:Qresscrgen prating Rraeess.cbhe bupmp nateriahcan be AasSk, NiAth Ag, Py B1, Cu,
solder, and combinations thereof, with an optional flux solution. For example, the bump material can be
eutectic SH/PPRigHRRANSotierddrlehd4reEEIAER Thebimp TnateRaRis Dohted to fmd&&%/e layer
224 using arsuitabler attachme s or ondinohprosessidn anerembedimentcthedwnpp materialds reflowed
by heating the material above its melting paint to form spherical balls or bumps 236. In some applications,

bumps 236 A€ Feflowed s 86cSrd imeYd improtE BleeHical Ednthdt to ' ondudfive IiyaP 284 2Fhe bumps
can also be«ompressios honded 40 condueiivellayerni224 Bunps R36 representoneriyyie ofinterconnect

structure that canlbe formed qver conductive IaY r 2%4. The. interconnect strycture can also use bond
. t grma con%#ct1v1§% jule) @rov ge eat d%551patlon or
wires, stud bump, micro bump, or other electrical interconnect.

semiconductor die 124. TIM 162 aids in the distribution and
dissipation of heat generated by semiconductor die 124.

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

using PVD, CVD, electrolytic plating, electroless plating
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In FIG. 141, an underfill material 238 such as epoxy resin is deposited between semiconductor die 208
and 230. Semiconductor die 208 and 230 are singulated with saw blade or laser cutting device 240 into
individual semiconductor devices. FIG. 15 shows FO-WLCSP 242 after singulation.
Semiconductor die 230 is mounted in cavity 226 formed between portions of the bottom-side build-up
Interconnect structure 220 of semiconductor die 208 using dam walls 204 and masking layer 218.

SemiconBEQGF 8t 205 afd 236 atd EléRhGalfahetcOFtdd with Buris 884,58y pRatihg
semicondugter.die 239 inavity 226, thevseparatiombetweenthedie is reshiced restdting-insa short and
efficient signal path to Improve electrical performance and Increase operating speed of FO-WLCSP 242.

The height'df SEmMiconGGcBPaR23Y indiGding bunths 254 i fss thar e F?é?gh%%f bufips236. The
overall height of IHOYWA:CHR 24245 teducer with the above Beveldnanidfaetiring precesssand structure.

The various embodiments shown in FIGs. 5-13 are applicable to FIG. 15. While one or more
embodimcg%fslgﬂh% r nggnt AVention have been illustrated in detail, the skilled artisan will appreciate that
modifications and adaptations/to theseemizodiments/maydrecmade mithout deparing from the scope of
the present inventign as setfarth in,the following, claims,. ;GIMS - face 128. TIM 172 can
be aluminum oxide, zinc oxide, boron nitride, or pulverized
silver. A heat sink 174 is mounted over TIM 172 and encapsulant
130. Heat sink 174 can be Al, Cu, or another material with high
thermal conductivity to provide heat dissipation for
semiconductor die 124. TIM 172 aids in the distribution and
dissipation of heat generated by semiconductor die 124.
FIG. 10 shows a shielding layer 176 formed over
semiconductor die 142. Shielding layer 176 can be Cu, Al,
ferrite or carbonyl iron, stainless steel, nickel silver, low-
carbon steel, silicon-iron steel, foil, epoxy, conductive resin,
and other metals and composites capable of blocking or absorbing
electromagnetic interference (EMI), radio frequency interference
(RFI), and other inter-device interference. Shielding layer 176
can also be a non-metal material such as carbon-black or
aluminum flake to reduce the effects of EMI and RFI. Shielding
layer 176 is grounded through conductive layer 178 to bumps 148.
FIG. 11 shows passive components 180 mounted to
contact pads on active surface 128 in cavity 140. Passive
components 180 can be resistors, capacitor, inductors, or
discrete active devices.
In FIG. 12, a plurality of vias is formed through
encapsulant 130 using laser drilling or etching process, such as

DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W,

poly-silicon, or other suitable electrically conductive material
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a temporary
carrier, mounting a first semiconductor die with its active surface oriented to the temporary carrier;
depositing an encapsulant over the first semiconductor die and temporary carrier; removing the
temporary carrier to expose a first side of the encapsulant and active surface of the first semiconductor
die; forming a masking layer over the active surface of the first semiconductor die; forming a first

interconnédt BFutiie ofeithe Fit&tSide oF theCertapsulint, thé TRAKiG el bfdckity formation of the
first intergannect struetdre evertheactiye suirfase of the-first semigonsustas dieito form

conductive THV 182. Alternatively, conductive pillars 182 are
formed around semiconductor die 124 prior to depositing
encapsulant 130. Conductive pillars 182 are formed by
depositing a photoresist layer, etching vias in the photoresist,
filling the vias with conductive material, and removing the
photoresist layer, leaving the conductive pillars.

A topside build-up interconnect structure 184 is
formed over encapsulant 130. The build-up interconnect
structure 184 includes an insulating or passivation layer 186
containing one or more layers of Si02, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. The insulating layer 186 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation.

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

A semiconductor die or component 190 is mounted to

build-up interconnect structure 184 with bumps 192.
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removing the masking layer to form a cavity over the active surface of the first semiconductor die; and
mounting a second semiconductor die in the cavity, the second semiconductor die being electrically
connected to the active surface of the first semiconductor die. 2. The method of claim 1, further including
forming a conductive through silicon via through the first semiconductor die. 3. The method of claim 1,
further including forming a shieldin% layer over the second semiconductor die. 4. The method of claim 1,

further incRirg? " I fdriing'aSetoAd IMtErCORRR cESriire Gvet W badiesrfate ortha first" 9
semicondugciardie oppasie the activersurfaceiafhefisstisemisenductordiegand ces,

passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 193 to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 190 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 194 such
as epoxy resin is deposited beneath semiconductor die 190.

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

FIGs. 14a-14i illustrate another process of forming a
cavity between portions of the build-up interconnect structure
for a short signal path between upper and lower stacked
semiconductor die in a FO-WLCSP. 1In FIG. l1l4a, a wafer-form
substrate or carrier 200 contains temporary or sacrificial base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low-cost, rigid material or bulk semiconductor material for
structural support. Carrier 200 can also be tape. In one
embodiment, carrier 200 is 20.3 cm in diameter. An optional
interface layer 202 can be formed over carrier 200 as a
temporary bonding film or etch-stop layer. A plurality of

optional wettable pads can be formed over carrier 200. A
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mounting a third semiconductor die to the second interconnect structure. 5. The method of claim 1,
further including forming a bump between the first semiconductor die and the second semiconductor die
to electrically connect the first semiconductor die to the second semiconductor die. 6. A method of making
a semiconductor device, comprising: providing a first semiconductor die; depositing an encapsulant
over the first semiconductor die; forming a maskingﬁlgyer,over an active surface of the first semiconductor

die;  forhhihg afirét terdBindd strictilte over tiercdidtiant ahd the fiFdtaemitaiddctéldie; and
removing:the masking layier 10 farpea cayity extendingithreughithefisst intereennect siiueture to expose

the active surface of the first semiconductor die. ,

surface of semiconductor die 208 will be located.

In FIG. 14b, bumps 206 are formed on interface layer
202. Semiconductor die or components 208 are mounted over bumps
206 with contact pads 210 on active surface 212 oriented
downward toward carrier 200. Alternatively, bumps 206 can be
formed on contact pads 210 prior to mounting semiconductor die
208 to carrier 200. Active surface 212 contains 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 212 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, Or
other signal processing circuit. Semiconductor die 208 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions.

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

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

molding, wvacuum lamination, or other suitable applicator.
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7. The method of claim 6, further including: forming the first interconnect structure over the
encapsulant with the masking layer blocking formation of the first interconnect structure over a portion of
the active surface of the first semiconductor die; and removing the masking layer to form the cavity
over the portion of the active surface of the first semiconductor die. 8. The method of claim 6, further
including forming a conductive through silicon via through the first semiconductor die. 9. The method of

claim 6, fiRREPMCkRIy MblintiRg dtfedt ShYdidert6THE adfive Bdrface6rthe TirstsetticGRador die.
10. The method of ctaime8, fugher nshiging mewnting aheat sinkitoa-baek sydacenetthgifirst

semiconductor die opposite the active surface of the first semiconductor die.
proper filler. Encapsulant 214 is non—-conductive and
environmentally protects the semiconductor device from external
elements and contaminants. The enclosure formed by dam walls
204 provides a seal to prevent encapsulant 214 from spreading to
the interior portion of active surface 212 between contact pads
210. Accordingly, dam walls 204 form cavity 216 below active
surface 212 of semiconductor die 208.

In FIG. 1l4e, carrier 200 and optional interface layer
202 are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. A masking layer 218 is formed in cavity 216 over
active surface 212 between contact pads 210.

In FIG. 14f, a bottom-side build-up interconnect
structure 220 is formed over semiconductor die 208 and
encapsulant 214. The build-up interconnect structure 220
includes an insulating or passivation layer 222 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al1l203, or other
material having similar insulating and structural properties.
The insulating layer 222 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.

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

semiconductor die 208. Other portions of conductive layer 224
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11. The method of claim 6, further including: forming a second interconnect structure over a back
surface of the first semiconductor die opposite the active surface of the first semiconductor die; and
mounting a second semiconductor die to the second interconnect structure. 12. The method of claim 6,
further including removing a portion of the encapsulant opposite the first interconnect structure to expose
a back surface of the semiconductor die. 13. The method of claim 6, further including: providing a

temporar§Farfis; €1 emblinfiAg the SEMTIMABELCT HREWith e aktive SdAaGS o tRBFHSELEMiRBnductor
die orientegldowardsthestempanayGasHes anfhe semiconductor device.

Masking layer 218 blocks formation of build-up
interconnect structure 220 over active surface 212 of
semiconductor die 208. Masking layer 218 is removed in FIG. 1l4g
leaving cavity 226 which exposes active surface 212 from the
bottom-side of semiconductor die 208.

In FIG. 14h, semiconductor die or components 230 are
mounted within cavity 226, between portions of build-up
interconnect structure 220, to contact pads on active surface
212 with contact pads 232 oriented upward. Bumps 234 provide
the electrical connection between contact pads 232 and active
surface 212. The combination of dam walls 204 and masking layer
218 provide a deeper cavity 226 to house semiconductor die 230
having greater thickness. Semiconductor die 230 includes an
active surface containing analog or digital circuits implemented
as active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
the active surface to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 230 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing.
A typical RF system requires multiple IPDs in one or more
semiconductor packages to perform the necessary electrical
functions.

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

connected to conductive layer 224 using an evaporation,
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removing the temporary carrier to expose the encapsulant. 14. The method of claim 13, further including:
forming a dam wall over the temporary carrier; mounting the first semiconductor die to the temporary
carrier so that a portion of the active surface resides within the dam wall; depositing the encapsulant
over the first semiconductor die and temporary carrier, the dam wall preventing spreading of the

encapsulant to the portion of the active surface of the first semiconductor die; removing the temporary
CaNEH'aﬁ&GCtrOlytlc 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 224 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 236. In some applications, bumps 236
are reflowed a second time to improve electrical contact to
conductive layer 224. The bumps can also be compression bonded
to conductive layer 224. Bumps 236 represent one type of
interconnect structure that can be formed over conductive layer
224. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

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

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

WLCSP 242 is reduced with the above novel manufacturing process
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forming the first interconnect structure over the encapsulant, the masking layer blocking formation of the
first interconnect structure over the active surface of the first semiconductor die. 15. The method of claim
6, further including mounting a semiconductor component within the cavity over the semiconductor die
with the semiconductor component being electrically connected to the semiconductor die. 16. The
method of claim 15, wherein the semiconductor component is a second semiconductor die or discrete
semicondittorsdéice "1 2.- The method of claim 15, further including depositing a second encapsulant

around the semiconductes componeBt. e kB cthenmethodsabelaim A 5rfurther ;cluding dorming a shielding
layer over the semiconductor component. 19. The method of claim 15, further including depositing an
underfill ABETET BREWedr tHe Semitonductor die and the semiconductor component.

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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20. The method of claim 15, further including forming a bump between the first semiconductor die and the
semiconductor component to electrically connect the semiconductor die to the semiconductor component.
21. A method of making a semiconductor device, comprising: providing a first semiconductor die;
depositing an encapsulant over the first semiconductor die; forming a masking layer over an active
surface of the first semiconductor die; and forming a first interconnect structure over the encapsulant
and around the masking layer without covering a‘bﬁ?ﬂd?lsof the active surface of the first semiconductor
die with thye Jirstinteraonnest structure. 22. The method of claim 21, further including: forming the first
interconnect structure over the encapsulant and first semiconductor die with the masking layer blocking
formation of the first interconnect structure over the portion of the active surface of the first semiconductor
die; and 1. renmrovirg thednasking tayers ta femwmacavily overthesactive, surtaee of she first semiconductor
die.
providing a temporary carrier;
mounting a first semiconductor die with its active surface
oriented to the temporary carrier;
depositing an encapsulant over the first semiconductor die
and temporary carrier;
removing the temporary carrier to expose a first side of
the encapsulant and active surface of the first semiconductor
die;
forming a masking layer over the active surface of the
first semiconductor die;
forming a first interconnect structure over the first side
of the encapsulant, the masking layer blocking formation of the
first interconnect structure over the active surface of the
first semiconductor die;
removing the masking layer to form a cavity over the active
surface of the first semiconductor die; and
mounting a second semiconductor die in the cavity, the

second semiconductor die being electrically connected to the

active surface of the first semiconductor die.

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

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

shielding layer over the second semiconductor die.
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23. The method of claim 21, further including: forming a dam wall around the portion of the active
surface of the first semiconductor die; depositing the encapsulant over the first semiconductor die,
the dam wall preventing spreading of the encapsulant to the portion of the active surface of the first
semiconductor die; forming the first interconnect structure over the encapsulant with the masking
layer blocking formation of the first interconnect structure over the portion of the active surface of the first

semiconductor die€af§ torbmMdvifig & maskingtay&rto 3 Hddty over the active surface of the first
semiconductor digr#ndhe methedof claie2k fudher ipeluding fesming-a canductivedhraughesilicon via
through the first semiconductor die. 25. The method of claim 21, further including:
of the first semiconductor die opposite the active surface of
the first semiconductor die; and
mounting a third semiconductor die to the second

interconnect structure.

5. The method of claim 1, further including forming a bump
between the first semiconductor die and the second semiconductor
die to electrically connect the first semiconductor die to the

second semiconductor die.

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

providing a

first semiconductor die;

depositing an encapsulant over the first semiconductor die;

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

forming a first interconnect structure over the encapsulant
and the first semiconductor die; and

removing the masking layer to form a cavity extending
through the first interconnect structure to expose the active

surface of the first semiconductor die.

7. The method of claim 6, further including:

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

removing the masking layer to form the cavity over the

portion of the active surface of the first semiconductor die.
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forming a second interconnect structure over a back surface of the first semiconductor die opposite the
active surface of the first semiconductor die; and mounting a second semiconductor die to the second
interconnect structure. 26. The method of claim 21, further including removing a portion of the
encapsulant opposite the first interconnect structure to expose a back surface of the first semiconductor
die. 27. The method of claim 21, further including mounting a semiconductor component over the active
surface of the first semiconductor die between portions of the first interconnect structure with the

semicondyctor gamaperemrheing electrigally conneeted to the activensurfacerafithe first semiconductor
die. 28. The method of claim 27, wherein the semiconductor companent is a second semiconductor die

or discrefeCSEMHicbndGetbPUEVIEE. 281 THE Methdd OF ERiA 2 7 fartherintluamy dPuditing an underfill

material batween the first semiconductor die and the semiconductor component.

9. The method of claim 6, further including mounting a heat

spreader to the active surface of the first semiconductor die.

10. The method of claim 6, further including mounting a heat
sink to a back surface of the first semiconductor die opposite

the active surface of the first semiconductor die.

11. The method of claim 6, further including:

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

mounting a second semiconductor die to the second

interconnect structure.

12. The method of claim 6, further including removing a portion
of the encapsulant opposite the first interconnect structure to

expose a back surface of the semiconductor die.

13. The method of claim 6, further including:

providing a temporary carrier;

mounting the semiconductor die with the active surface of
the first semiconductor die oriented towards the temporary
carrier; and

removing the temporary carrier to expose the encapsulant.

_2 9_



30. The method of claim 27, further including forming a bump between the first semiconductor die and the
semiconductor component to electrically connect the first semiconductor die to the semiconductor
component. 31. A method of making a semiconductor device, comprising: providing a semiconductor die;
depositing an encapsulant over the semiconductor die; forming a masking layer over a first surface of the
semiconductor die; and forming an interconnect structure over the encapsulant and the

semiconduttor dieSwittttherasking 16t blotkidg forifation of tEliiérconnect structure over a portion
of the first surfage ehthe;semiganductor digy <32.the meifad-afrclaisy 31 turther including removing the
masking layer to form a cavityeover,the portion of the first surface of the semiconductor die. 33. The

method of clainT$1HirtR&r ihefiding MbuRififly 8 ¥etMESRdutdEcdRpbint S8R tHé first surface of the

semiconducteridie. so that a portion of the active surface resides within

the dam wall;

depositing the encapsulant over the first semiconductor die
and temporary carrier, the dam wall preventing spreading of the
encapsulant to the portion of the active surface of the first
semiconductor die;

removing the temporary carrier; and

forming the first interconnect structure over the
encapsulant, the masking layer blocking formation of the first
interconnect structure over the active surface of the first

semiconductor die.

15. The method of claim 6, further including mounting a
semiconductor component within the cavity over the semiconductor
die with the semiconductor component being electrically

connected to the semiconductor die.

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

is a second semiconductor die or discrete semiconductor device.

17. The method of claim 15, further including depositing a

second encapsulant around the semiconductor component.

18. The method of claim 15, further including forming a

shielding layer over the semiconductor component.
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34. The method of claim 33, further including depositing an underfill material between the semiconductor
die and the semiconductor component. 35. The method of claim 31, further including forming a
conductive through silicon via through the semiconductor die. 36. The method of claim 31, further
including removing a portion of the encapsulant opposite the interconnect structure to expose a second

surface of the semiconductor die. , , o
19. The method of claim 15, further including depositing an

underfill material between the semiconductor die and the

semiconductor component.

20. The method of claim 15, further including forming a bump
between the first semiconductor die and the semiconductor
component to electrically connect the semiconductor die to the

semiconductor component.

21. A method of making a semiconductor device, comprising:
providing a first semiconductor die;
depositing an encapsulant over the first semiconductor die;
forming a masking layer over an active surface of the first
semiconductor die; and
forming a first interconnect structure over the encapsulant
and around the masking layer without covering a portion of the
active surface of the first semiconductor die with the first

interconnect structure.

22. The method of claim 21, further including:

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

removing the masking layer to form a cavity over the active

surface of the first semiconductor die.

23. The method of claim 21, further including:
forming a dam wall around the portion of the active surface

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

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

removing the masking layer to form a cavity over the active

surface of the first semiconductor die.

24. The method of claim 21, further including forming a
conductive through silicon via through the first semiconductor

die.

25. The method of claim 21, further including:

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

mounting a second semiconductor die to the second

interconnect structure.

26. The method of claim 21, further including removing a
portion of the encapsulant opposite the first interconnect
structure to expose a back surface of the first semiconductor

die.

27. The method of claim 21, further including mounting a
semiconductor component over the active surface of the first
semiconductor die between portions of the first interconnect
structure with the semiconductor component being electrically

connected to the active surface of the first semiconductor die.
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28. The method of claim 27, wherein the semiconductor component

is a second semiconductor die or discrete semiconductor device.

29. The method of claim 27, further including depositing an
underfill material between the first semiconductor die and the

semiconductor component.

30. The method of claim 27, further including forming a bump
between the first semiconductor die and the semiconductor
component to electrically connect the first semiconductor die to

the semiconductor component.

31. A method of making a semiconductor device, comprising:
providing a semiconductor die;
depositing an encapsulant over the semiconductor die;
forming a masking layer over a first surface of the
semiconductor die; and
forming an interconnect structure over the encapsulant and
the semiconductor die with the masking layer blocking formation
of the interconnect structure over a portion of the first

surface of the semiconductor die.

32. The method of claim 31, further including removing the
masking layer to form a cavity over the portion of the first

surface of the semiconductor die.

33. The method of claim 31, further including mounting a

semiconductor component over the first surface of the

semiconductor die.
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34. The method of claim 33, further including depositing an
underfill material between the semiconductor die and the

semiconductor component.

35. The method of claim 31, further including forming a

conductive through silicon via through the semiconductor die.
36. The method of claim 31, further including removing a

portion of the encapsulant opposite the interconnect structure

to expose a second surface of the semiconductor die.

_34_



