SEMICONDUCTOR DEVICE AND METHOD OF FORMING THIN PROFILE WLCSP WITH VERTICAL
INTERCONNECT OVER PACKAGE FOOTPRINT Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of forming a thin profile WLCSP containing face to face semiconductor die with vertical
interconnect ca abilité over the entire package footprint. Background of the Invention

SemiconduStBMIEORBY GFOBo YT IR ARG N e &R gﬁ)m SHRICOHBUMBFEBYices vary
in the number and o’&ﬁgﬁy YEBRLHAI EMEBHQM.EBECCPX@%% mtgpﬁ?&'\ﬁg&ygeneraﬂy 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 contamilirdireds tthailliensafdleatrical components. Examples of
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of functiong sechras fightspesdaaltulations dtarsmittingeard-eecetwing electromagnetic
signals, controéli(g@deule%troni%ggvices, tr%résfognrgipg sunligrin tg eleqatricit)éoand crg%tljré%xggglag@jections

for televisslgmjlsplays(.: emiconductor devides are found in %elﬁérl <'of entearta?nment,

device and method of forming a thin profile WLCSP containing
face to face semiconductor die with vertical interconnect

capability over the entire package footprint.
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 the process of doping. Doping Introduces
impuritie$ 8 e Sérhicontluctor irdte FAFtBThERPUrate @ht Cohfrol theBdhdtEvitydfthe semiconductor

device. consufeserpiconduetor devier LoptaNg activejand passive electrical strustures, Active
structures, including bipolar and field effect transistors, control the flow. of electrical current. By varying

levels of BopihgHnd Appiication bPAR eléctié fidd or KHEe A fent Sthe thHERtor Gither promotes or
restricts therflomo ofielestricaheursariti Passive stdetutes, including resistors, capacitors, and inductors,
create a relationship between voésta e and current necessary to perform a variety of electrical functions.
The passive and active’STFI&ORS uggoéegtﬁgélﬁﬁéor?ﬁ%?jég to forfn Girctits ™ \K’/ﬁ%ﬂﬁ enable the
semicongucipredeviess tooferferm highdspeet-calewlatianrd and other useful functionscture of
Semiconductor devigg%gre generallgin% Lif%cturedlgsiggév(\:/glpomﬂex macrﬂu%c.turjn p£oce$ses, ie.,

Semlcon r terl S, 1 1 CO 1 16% e
front-end manuf%c%nng, and back-end manu acturing, each mvo?vmg poflen ia yﬂun reds o Steps.

Front-encharainuidcturng hrwotves thedorimatiaroof @ plurality of dieror tHe sudace-ofa semiconductor
water. Each dig is typically identical and contains cifguits formed by gloctrieally connecting active and
passive components. Back-en manu?a&urmg fnvo?ves Sl ngI ting

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 may be achieved by improvements in the front-end
process reSttMgIH dte ith shiamRr Highérdermdiyhctivd ShdPussRRTCGHpORerts SBEdEeh@ processes
may resultrin-sendcenductendeyvices pagkagesanith asimallenteotpent bysimprevements in electrical
interconnection and packaging materials. In a wafer level chip scale package (WLCSP)
containing stacked sermicndaétdr die, HREVERRAPSIEEFicRRtEGECtBR chh B abddifipifghed with
conductiventhrough siiear vias TSy, theaugtebale ias: (THY), @& Cu-plated, eardictiye pillars in the
encapsulant. It is desirable to make %he WLCSP as thin as practicable. At the same time, the vertical
interconne’t 88Pshility Thobid5& makiniized BV c&iTdumé Siticoh ardA dnd 18die S&a Sitace area
for circuitsorethefdaseieftHYs or candutiive pilfars #mthiel encapsularn e WEE SRekag enly limited
vertical i%grcgnnegt %ﬂ‘;k‘gd af%%r'meter Qf thzﬁlo er sem&g%ndu%qred@grecgusael :Lheereésrl no vertical
interconnect within the oof?prlnt ofithe lower die. The thin prdTﬁe requirementnhmi s the vertical
interconnect dapatility by redadihgrardas teform thewertical antércormebtionsupS omvenary ©of thenInvention
A need exists fariip profle WELCSE with gredter verfical jpierconnect capabijy. eggrdingly, in one
embodiment, the present invention is a method oq‘(%naklng a semiconductor device ¢ mprising the steps of
providingc@ semfconauttor svaferhadng avsluratityoof first semicondictendicosactewith anvactive surface,
and mounting, 8 segand spmicanelicior,dia Lo thefirsh seminondyetar die- Iheaalive sirfage gf the first
semiconductor die is oriented toward an active surface of the second semiconductor die. The method
further inBldeste SRIpeTof Yepositing An-dncabsulbnt bventhedfirstand sdcart-sémiconductor die,
removing,a partion;of a back surface of the second semiconductor die opposite the active surface,
forming conductive pillars around the second semiconductor die, and forming an interconnect structure
over the back surface 8fthe Séz6fd sefti€dndiiticr dié2difcapatleriycand'Esriduictivepirts 1The

interconnect structute is lectrigalbconnacted athecandugtive plas. Theimethod further includes the
steps of removing a portion of a back surface of the first semiconductor die opposite the active surface,

and singdiatifg B 86micbRtuER wefe AR PRI Sethicohdteistfevicss. Ehroudln another

embodiment, the presens investion is arpethedf reaking & serigpndugctordeyice cemprising the steps of
providing a semiconductor wafer having a plurality of first semiconductor die each with an active surface,

and mouftiny'H Set8Rd BéMmicdruttor di€ (& tHe et sémicondlttot Hic rheradive durfdeekdt the first
semiconaduciondie 3» oHentedtaward gh active syrface oftherseconghsenicaaductaedie. The method

further includes the steps of forming a vertical interconnect o
vertical interconnelt capability should be maximized. TSVs
consume silicon area and reduce active surface area for
circuits. In the case of THVs or conductive pillars in the
encapsulant, the WLCSP has only limited vertical interconnect
around a perimeter of the lower semiconductor die because there
is no vertical interconnect within the foot-print of the lower
die. The thin profile requirement limits the vertical

interconnect capability by reducing areas to form the vertical

interconnections.



structure around the second semiconductor die, depositing an encapsulant over the first and second
semiconductor die, removing a portion of a back surface of the second semiconductor die opposite the
active surface, and forming a build-up interconnect structure over the back surface of the second
semiconductor die, encapsulant, and vertical interconnect structure. The build-up interconnect structure is
electrically connected to the vertical interconnect structure. The method further includes the steps of
removing a portion of a back surface SFIRAF%t LEnF&hatR¥S Ui BPposite the active surface, and
singulating the semiconductor wafer into individual semiconductor devices. In another
embodiment, the present invention is a method of making a semiconductor device comprising the steps of
providing a first semichdietst dig halingaH adtve sufaee! Afd Mduting d Be&dricSémhiconductor die to
the first sestieardiictardier the active surface ofithe firstsemicanddyator, dien's @fiented toward an active
surface of the second semjconductor die. The method further includes the steps.of forming a vertical
interconrEEPSHACLA around th SEcBhd SBFREBTRIAOr e, AERaitihg an BAEABSUIANt over the first and
second seandanduttartdie, rémavirg adgpostidns ahe baok sutfage obthessecondisemieonductor die
opposite the activedsurLace, ang fomﬁin a build-ue inte canectfst%ucturte over the bigck tsurface of the
second sémiconductor die, éqr?ca%]éu ant, and vertical interconnect struéturd. “The Bui dl-ﬁp nterconnect
structureds eleetridally cohnecteddo ilve verticabintercennectstructurg. Ehe awethod further includes the

step remaying & pojion of & hack suriage of the first semicongucior dig opposit, the gt surface. In
another embodiment, the present invention Is a semiconductor device comprising a first semiconductor

die_ havingkaﬁfactix/ecs{ijrtdme. Aimbnd@em_OM@rrdiéi@ mwma;d tovthedfirstsemitoaductor die. The
active surface of the first semicongyctor die is oriented toward.an agfive surfage of the sgcond

semiconductor die. A vertical interconnect structure Is formed around the second semiconductor die. An
encapsulanrishtdaposited wvesthefirseant seedndlsemicohdetor diee e brifdulrinteregmedt structure is

formed oyer a back surface ofithe second semigonductor dig, encapsulant, and yertical intescannect

structure. The build-up interconnect structure is electrically connected to the vertical interconnect
structure SBEEPDEsHptiohof 1he DrawiRfs conductma, dligustrites atCBRatR@iffereht types of

packages;mopnted torits SUHACE onductive pillars around the second
semiconductor die, and forming an interconnect structure over
the back surface of the second semiconductor die, encapsulant,
and conductive pillars. The interconnect structure is
electrically connected to the conductive pillars. The method
further includes the steps of removing a portion of a back
surface of the first semiconductor die opposite the active
surface, and singulating the semiconductor wafer into individual
semiconductor devices.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer having a plurality of first
semiconductor die each with an active surface, and mounting a
second semiconductor die to the first semiconductor die. The
active surface of the first semiconductor die is oriented toward
an active surface of the second semiconductor die. The method

further includes the steps of forming a vertical interconnect



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-31 illustrate a process of forming a thin profile WLCSP with vertical interconnect capability over

the entire package footprint; FIG. 4 illustrates the thin profile WLCSP with vertical interconnect
capability over the entire package footprint; FIG. 5 illustrates bumps and conductive pillars
formed in the encapsulant for vertical interconnect; FIG. 6 illustrates posts and conductive pillars

formed it e ST CApSURIP FatVertical RRERRANBEE L ConAucERS diifmstrdfds heaf'SinR tounted to the
lower semicondyctos die efthe WLESP; HEsa8a-8bdliustrate IS\ farmesdin the lqwyer

removing a portion of a back surface of the second semiconductor
die opposite the active surface, and forming a build-up
interconnect structure over the back surface of the second
semiconductor die, encapsulant, and vertical interconnect
structure. The build-up interconnect structure is electrically
connected to the vertical interconnect structure. The method
further includes the steps of removing a portion of a back
surface of the first semiconductor die opposite the active
surface, and singulating the semiconductor wafer into individual
semiconductor devices.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die having an active surface,
and mounting a second semiconductor die to the first
semiconductor die. The active surface of the first
semiconductor die is oriented toward an active surface of the
second semiconductor die. The method further includes the steps
of forming a vertical interconnect structure around the second
semiconductor die, depositing an encapsulant over the first and
second semiconductor die, removing a portion of a back surface
of the second semiconductor die opposite the active surface, and
forming a build-up interconnect structure over the back surface
of the second semiconductor die, encapsulant, and vertical
interconnect structure. The build-up interconnect structure is
electrically connected to the vertical interconnect structure.
The method further includes the step removing a portion of a
back surface of the first semiconductor die opposite the active
surface.

In another embodiment, the present invention is a



semiconductor die of the WLCSP; FIG. 9 illustrates a shielding layer mounted to the Lower
semiconductor die in the WLCSP; FIG. 10 illustrates side-by-side semiconductor die mounted
face to face with lower semiconductor die in the WLCSP; FIGs. ha-lid illustrate another process of
forming conductive pillars in the encapsulant; and FIGs. 12a-12e illustrate a leadframe interposer

to form conductive pillars in the encapsulant. Detailed Description of the Drawings The present
inventiond§BeSCAEICEn& 6 iofe eRBUTiMents if the Followi g desciiptiohfitt réteFEhees the
figures, i which likeenymerals eepresenidthe same-an sitilan elerments e Whilertbe iventiop is described in
terms of the best mode for achieving the invention's objectives, it will be appreciated by those skilled in
the art thatt - int&HHE R LovEr AltérHatived, Hiodifitatidns BhiEeuiviieritt @smay be included within
the spirit asfliscope vf the-investiar astefined hytbe appended elairs andtheis €quivaiends as
supported bé/ thgr1 following disclosure gnd drawings. _ . , ,

second semiconductor die. A vertical interconnect structure is

formed around the second semiconductor die. An encapsulant is

deposited over the first and second semiconductor die. A build-

up interconnect structure is formed over a back surface of the

second semiconductor die, encapsulant, and vertical interconnect

structure. The build-up interconnect structure is electrically

connected to the vertical interconnect structure.
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-31 illustrate a process of forming a thin
profile WLCSP with vertical interconnect capability over the
entire package footprint;

FIG. 4 illustrates the thin profile WLCSP with
vertical interconnect capability over the entire package
footprint;

FIG. 5 illustrates bumps and conductive pillars formed
in the encapsulant for wvertical interconnect;

FIG. 6 illustrates posts and conductive pillars formed
in the encapsulant for wvertical interconnect;

FIG. 7 illustrates a heat sink mounted to the lower
semiconductor die of the WLCSP;

FIGs. 8a-8b illustrate TSV formed in the lower



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 RIrEn? AR ebefical comBolEAtalsuch as capacitors, inductors, resistors, and

transformers, create a relgtionship bebveen veltagesane current necessaryterpesforavelestsical circuit
functions., Passive and active components are formed over the surface of the semiconductor

wafer by B8t es BPrEEESESERS infthiing dbPing’ Hepbsition, photolithography, etching, and

planarization. Doping irtreduces inpuiisies dtedhe semicondicter pateriabby techhiquesssuch as ion

implantation or th%rmal diffusion. The doﬁ'ng]eprocess modifies the electrjcal conductivity of semiconductor
S

material IACALHVE HeVites, trandfrfing't P CondTElorRATeHaT fHto Ahdindtiator S cdduttdr, or

dynamically changing thecemitoadudtar material conduetivitytin responsede anfeléetria fiedd or base
current. Transistars contain regions of varying types and degrees.of doping arranged as necessary to
enable th%otrrlaaﬁlscfstté?]?o Brloqn;iogésorlrgst%?&g th%}%)%?(sﬁl elaé{:gtari’ca?&?rrent upon the application of the electric
field or base current. FIGs. Attive dd passivetcomponents arf formedibytlayerssefimaterials with
different %Iectrlcgég%pﬁertles. Thellzi%%rg, can g'}]éorrened t%yﬁ% i’gﬂﬁty of deposition techniques determined

) T . - . :
in part by t%rén'}ype of material bpe}ng eposited. For exam e, thin film deposition may involve chemical

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

processes. Each layer is gengLally;qatterped &qgcg@igglrtiggs Qﬂgcg\ieagqrgegnents, passive components,
T

or electrical connections between components. he layers can be patterned using
photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer
to be patterned. A pattéficisRisteried ftopnd phdtomasieotheprodtdresizi asing IR SThe portion of

thephongﬁ%éh@%@ﬁ@§upkx%%%u%@ﬁﬂé%ing 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



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

surface. AUMTONAR Tt stiate S et tb Préduce smaitcrand riote BeASSly paitked active and

passive compaieitsdignarzationcan be used o remeve statedal fkam thesudace efitheamafer and
produce a uniformly flat surface. Planarization Involves polishing the surface of the wafer with a polishing

pad. An a5iaSNEehatehial &5d E6MBsife ThEmica hré abided to HE'S(&EE of the wafer during polishing.
The combined mecharveal actien of thesabrasivecanbeesosive actorr of-theccheraicakniemoves any
Irregular tzfo raphy, fesLﬁltin in a unif rmI%/ flat sugace. Back-encjimanufacturin% refers to

ha

SHh§aiating the fiisREd WatdFikfo e iHdividual die®amd then packagiiy the i€ f6structural

cutting or
support antdcgnudrongnentaliisolatioeobs singotate the die] thenwateris gcoredanichbrokendlong

non-functi?nal reqion of the WBfer called Sﬁ]w streets or scribes. .The wafer isC%inguIated using a laser
cutting tool or Saw blade. After scljr]ijglurllélztiolnr,1 Ve individual die are rln@()“(f’m%‘enat foa pgckage substrate that
Includes pisicracontadt padsdorintertobiye dtiorhwitlyother systena somponeénis] &ontact pads:formed

over the. %%rgkcrgggugtgf dgllleﬁréanthenﬁgennggted to contact gads vgtlh%q éhse @%Cékagfé Tp](_; .ecl%c%rlcal
connections can be ma

. in rocess Im
e with solder umps},D stud gumps, conductive paste, or wirebonds. An
encapsulantorether hiolding nsatetiabisdtiepositethaverthelpaickage to provide physical support and

electrical salgtign,, The finished pagkags is then inserted, into,an glectrical system,ang the functionality of

the semiconductor device is made available to the other system components. FIG. 1 illustrates
electroni¢ deviee 50rhavirg 8 hiinéaiet sulbsteate or Prinked circuicioosld {POB)52twith alplurality of

semicondugtor packages mounted ontssyriace, Elaclranic devige b3 may Paue opg.type, of

semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different /@8 f SeRNicormRtct Jackages afe Showa Y FIG. T ¥srpurpdses stinigstration.

Electronig deyicg S0-may hesa standsalone system that sses the, semiconductor packages taperform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger

system. F8r &x@miple CéleEREnit HRWiRIEE ARty e aYtaphics @ard, WetRorkifter e kafd, i6itbther signal

processing cafgthat ean be insertedsintn-asomputer- Fhgsemiconductor package can include
microprocessors, memories, application specific integrated circuits (ASIC), logic circuits, analog circuits,

RF circuits, discrete devides? Br dtHeramicorfictorie oF efedrical toniithetits, 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



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 proVid&pdwer arid Grothdceantfdttions ¥ gk of fiferderhicdnddctbl fadkadiest Y19  In some

embodimesis: a semisenduetor davige hasiwoackagingdevals chisstdeval packaging is a technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level

packagingAoITE mechdAiREIN SRd Electriddly adtRthg theShternedldié Cafief $d e PEE In other

embodimepts; @ semiconductar device may ealyhavedhe ditstdevel packagingwherethe die is
mechanically and electrically mounted directly to tge PCB. For the g,ur ose of illustration, several

types of fitat feléfpackaying: Meldding Wife biid Packages6 aRd fifp ERip'58° Afe shown on PCB 52.
Additionallypseverabtypes of seeantchlevelpackaging; including baill ¢jtidzarrayl (BGAY 66 surapchip
carrier (BeClCé) 21, ualciinélinq_g cléaﬁge (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,
guad flat non- eaded packfge ?d ) 70, and quad flat package 72, are shown mounted on PCB 52.
Depending upon the systemseguirgments) any Tombindtiomoksermitondactor packages] cgnfigured with
any combination of first and second Jeve] packaging styles, as well as other electronic compgnents, can
be conneutt B BCE L. s S Sbodh o Sy devke 0 bl es s Sngie atiothed

semiqonducicﬁmadlmgé,lwhﬂ@@ﬂf@rce&nbodimemi @aﬂnf-w_ miultplesntefeormetted packages. By
combining,one. or.mere, semicondyctor packages qver a.single suhstrate, manyfactiers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sephisticasted Sunctiohaligr eleTironit devicéscarpbe ntanufaatarsd tsingcheapéiredmponents
and a stregmlingd manufacturing piacess. Tha resulting.devices afe lgss fikelytp fallard Jess expensive

to manufacture resulting in a lower cost for consumers.
Planarization involves polishing the surface of the wafer with a

polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made

with solder bumps, stud bumps, conductive paste, or wirebonds.



FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a lllustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 Includes an active region containing analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed within
the die and are electrically Interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elements fOrABAMWHI e ativeTelioh SFEEMiCEndREF didl74: THRBATENRY € EfF 0t B8r more
layers of sanductiverpaterial; isueh@s,aluaunun AdhcopReH (Cu)e 0SB Nicked (NY.igeld (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembly 8FDIF B4 SE&Hi CORGUEHRF die®74 I MotRd toSth ihtdrmetiate ' &riier 78 Usitg H-§81d-silicon
eutectic layer emadhesivermaterial sych asthernalrepoxy of epoxy desiicEhd pagkage body Includes an
insulative %?ae%r aging material such asrcp))ol mer or ceramic. Conductor leads 80 and wire bonds 82 provide
n

electrical? et betweeh Selicbndtcior die 74 BREPCE 52. Encapsulant 84 is deposited over the

package for environmental protection Hyareeentigemoisturecantbparticlesdrom-enteying thieipackage and

contaminatin% die 74 or wire bonds 82. . FIG. 2b.l Iu%rate%fue' degz}il of, Qgc 62 mounted on
arrier Qar W1 a

PCB 52. %emlcondusclfors&g els%:o@rﬁéato%gr Carrier using an un e?fill or epoxy-resin adhesive
material 82.\WiréibondsD4sprovidenfirstlevel packirg terconnéeetbetween contact pads 96 and 98.

Molding compound or_ e ca}psula 00.is dg osited aver. semiconductor die 88 and wire l%onds 94 to
provide phyBeal St i Sloctical Rt tontor He GiEe CoTaL S oS Ao e oer a
surface o POB 52 using & yauitable metal idepoditiohqpropessisusisas elegetrotytic platingcdreelectroless

plating to_prevent.gxidation. Gontagtpads 192 are electrically cannsgted t.one or. more conguctive signal
traces 54 iInPCB 52. Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102

of PCB 52hown in|FEG. 2, Semicorduetsrdie 581id mvsunted fade-down to intermediate carrier 106
with a flip chip style fir%tll(%\éef!]p@gg@giggvéggv%@%gylg% 05%@5%@'3?(9&@%?@ﬁ@ﬂt%%%ﬁnalog or

digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers
formed aBéGrdling  thereleqfica deslgrPelthe hé. F6r e@ntplEéMthendrcait may fclude one or more

transistors; diodes cInduetors..capacitorss resistors, andigthergiceuit elgments within aglivgJegion 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
BGA 60 is®lecticayamPrfechafitally é6rvetied 10 PEB: 52 With £BER e Sd&0dIelelpackaging

using burps 1d2. Semiconducter die 58+s electrcally conngsted torcandrgtive signal trages 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is

deposite® BYEF seMFBRdUED? A58 BAd CaFfer tobtoBrovide pHyical Stppott @nd electrical isolation

for the deviggs dtherflip chipeseyaicopductar deyvicg frawdes asshortelectiical conduction path from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal

propagatibh diSineE SRWeT TapAeitiHceS Snd TRprove ovetall ThEGit pefora™E: Hr GHother
embodiment,dhe semie@ucioridig £8 cainrhe mechanically and eleattically cannected.ditectly to PCB 52
using flip chip styje first level packaging without intermediate canier 108: 1ecerical

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
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FIGs. 3a-31 lllustrate, in relation to FIGs. 1 and 2a- 2c, a process of forming a thin profile WLCSP
containing face to face semiconductor die with vertical Interconnect capability over the entire package
footprint. FIG. 3a shows a semiconductor wafer 120 with a base substrate material, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126 as described

above. AWATBF-fGHiT §bStrate BF taftier TPBUHAiRAS terpBATY or SaérfibGalaeirsterialstch as
silicon, palymes-pelymnes sapwositenmetal, ceramic, glass ghassiepoxy. berdiym exigdee or, other suitable
Low-cost, rigid material for structural support. Wafer 120 is shown mounted tq carrier 128. FIG.
3b shows a cross-sectibhaP 7B G POMHBR Y SenficSAUtSF\WATer 12098ited 16 Tahié? 128. Each
semicongugtaradie @ 41kasan active suiface-13Q cpataining agalog er digitalcirguits froplemented as
active devices, %assi:ﬁ[devices, conductjve layers, and dﬁielectric layers formed within the die and

C

electricalll ihtsteaniiectéd aboraimy to the Blectricd dEsign gnd ﬂ?nc?i%ﬂjo??ﬁg dife- %r%ﬁmﬁe, the
circuit mayhInchuderanelapmore fransistors, diedes,cand-other pictit glemenis farmeeswithin active

surface 130 to Implement analog circ its.or%(y ital circuits,.such as digital signal processor (DSP), ASIC,
memory, BT SH T S b Sl I S oBa ey B 103 may o oA AP OR Steh as
Inductors; capaeitdrsSBand fiesistorss fordRB siginat processinge Contact pads 1 32<aré@tectrgally connected
to the circui§ on activeC%urfafce 13&0. In EIG. 3¢, an Qgtion%llgero%ve 134 is partially cut into saw

h 1 K .
Streets 158 o) ser%}]c%ndu%torw:a?er %567 ﬁsm aac sg\ﬁijgdewor I%%er cuttlngjj ?0515136. Groove 134 extends
only partiafly into saw/lstreets d 26 landtdoesaddticutconpietelyithesighysemicohduétéBwafer 120. The

groove allows later de@qjs}teghe@cg.%%lgggooi%e E@?&%ﬁ%ﬂ?e% Q@ggg}icog%ggor Sie 124.

Continuing with semiconductor wafer 120 from FIG. 3b, semiconductor die 138 are mounted to contact
pads 132&a1usitg barps granicraburaps 140 lasishewi iy FIG o3¢ Semiceaduétor dikd138 has an active

surface 142 containing, analag o digitabeifcuits implemented,as,acfive deyices, pagsjve deyices,

conductive layers, and dielectric layers formed within the die and electrically interconnected according to
the electricdt eledighcatrrl fuP bR 6 tHe dienFéretartiplea iHe eifdult may dncludEdhe ©f mérétransistors,

diodes, a@ﬁi%h%%‘ii%@re@@@@‘is f@ﬁmegdﬂﬁhiﬁﬁﬂli\i%éug@&%% to B@@'?”’@@} analog Q;}EC%?S or digital
circuits, such as DSP, ASIC, memory, or chMl processing circuit. Semiconductor die 138 may also
contain IPD52¥udh 88 Indictor8v éapaditote BtdréCIor R sighafproteasing O driieefbodiment,

semiconguctor-die 188ris a flipchin type,davice. Bumps 240 connect to-confaekpadsolad whichare
decnmaﬁ%ﬁ?qagdeqﬁg;QSéngniggguﬁxgSggggg%4§équirements any combination
’

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

resulting devices are less likely to fail and less expensive to

manufacture resulting in a lower cost for consumers.
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Discrete semiconductor components 146 are electrically connected to contact pads 132b on
semiconductor wafer 120. Discrete semiconductor components 146 can be active devices, such as
transistors and diodes, or passive devices, such as capacitors, resistors, and inductors. In FIG.
3e, an encapsulant or molding compound 148 is deposited over semiconductor die 138 and wafer 120
using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
lamination, spin coating .[Gothéfsditabie APpFcRor EricapSafant 248 ¢ah Pe poiyThePeémposite
material, such as£epoxyuesinavithisfillei-epexy acrylate with filler, ar pahsner with properdillep. .
Encapsulant 148 is nonconductive and environmentally protects the semiconductor device from external
elements & E6MEHTAHts Shthé Cas8 of BPESnaAIyro6ves £34 SHOWR iff BIE 236 St apRibig 148 is
also depaositediigto-the groeves tosprotectdhe sides of sequeanduciendie 424 aftes singulation. In
FIG. 3f, grinder 150 removes a portion of encapsulant 148 and bulk material from back surface 152 of
semicondUctar fie "L36 BpPoSHE Botve SHoe T2, Tiio 5Acke sUrfach 152 of SeMicondcudr fie 138 i
co-planatwith aitepsutfase ©f eheapsulant 148 followingthecgrineing pracessng to thndFIG. 3g, a
plurality of viasC154 is_Lfo(Emed in enca Eular&t.148 oyer contact pads %20 usir}%lasgr drilling, mechanical
drilling, or desp réactivedion etching (DRIE), The vids 154 A& Fifed with ALCH SR, NI"AU, Ag, titanium
(Ti), W, pohesilicen,aorether suitable electricatly conductiveemateriatusingretectralyticcplating, electroless

plating process,.or other s%{tab% metal.de osjttion Rrocess to form Cé)ndugilve pillfﬁlrs 156E, as shown in
FIG. 3h. Conauaive pilare 156 Have & R ranging rom 20-200 miclomatets (om). '~ In FIG. 31

a buiId-upWém@n@écBmu@m@ﬁoﬁﬁed ‘OVer corductive ks _1%6, sgmiw@ue@r@@:%& and
encapsulany 148 The bulldsindntetcqnnest stryeture 160 Includes.an nsulating, orassivetion layer 162

formed by , CVD, printing, spin coating, spray coating, or thermal oxidation. The insulating layer 162
can be orl€@) mdréaye¥s bf siliceh eioxide (S10R) Lsilidénm hitride (SEINA). silidon oxgithicde  SION),

tantalum pentoxide. (La205). Alyminum oxide (41203), or, other aaterial-having, siilay insylating and

structural properties. An electrically conductive layer 164 is
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted

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

Contact pads 102 are formed over a surface of PCB 52 using a
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formed using patterning and PVD, CVD, electrolytic plating, electroless plating process, or other suitable
metal deposition process. Conductive layer 164 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive layer 164 is electrically connected to conductive
pillars 156 and, in part, operates as a redistribution layer (RDL) to extend the electrical connectivity of the
conductive pillars. In one embodiment, an Integrated passive device (IPDS), such a capacitor,

resistor, GHhHACLE, C6Be ft TSI OLUIR-d RS BnAEG stRRIGEABor O LY E1C |R ERS 187 a substrate

or carrierck68-amiains terwopany of sqctificighkasematsrial sueh as silicon: pelymssspolymer composite,
metal, ceramic, glass, glass epoxy, beryllium oxide, or other suitable low-cost, rigid material for structural

support. ThE aSS&mbly ¢&scthed IR BTG5 8a-82 iS Tvetfed S IEIAG WithSuilddS fhterconnect
structure t1:68¢ 810Uhed 10 carpier 268. Bheemporary carries A28ds rerneved by shemiealeiching,

mechani a% peel-off, CMP, mechanical grinding, tqer al gake laser scanning, or wet stripping. In
FIG. 3K, ér nd)eg f%bre O\fe%dex%%gg%%k ﬁ)]%f%sria Plgmo a&??ur?gc'e 171 of semiconductor die 124,
opposite active surfacaa 230.16. 2c,InddGi Sdnasubstrateéier cariesld cantainsttenpatamynor

sacrificial base mater(ieaoll lsg%g as silicogtpczlggﬁevg,i R Iymeﬁofomp site, mtetall,e ceﬁmi% glI%ss? ngass epoxy,

. O.lnter arri . a 1p chip, S rs . .
beryllium oxide, or other suitable Irow-cost, rigid material for skructtiral supﬁ]oort. e assemb y described in

FIG. 3k ipbnertgedrand, |@ading withesginmiconductorfdiech24c omauintéch to daried d 72omhe termporary

carrier 168 is remoyed by chemicaligtehing, meghanjeal peel-off; GMP; pechapical grinding, thermal

bake, laser

passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-31 illustrate, in relation to FIGs. 1 and 2a-
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scanning, or wet stripping. An electrically conductive bump material is deposited over conductive
layer 164 using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with
an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or
lead-free solder. The bump material is bonded to conductive layer 164 using a suitable attachment or
bonding proceds AhYreSemBbditmenit i the Kurhp tiatBrials t&fdiéd by heatiAg the' hatérid above its
melting ppirtdo fenm sphericat ballsioebumps L7d: i1 sameapplicationss bumpsobiz4 are-keflowed a
second time to Improve electrical contact to conductive layer 164. The bumps can also be compression

bonded t6 ¥BhditfiveTayer T6 2 BUAES 1749Epres8ht ond fype oFINIE8Iétt structure that can be

formed ovemgandugtive dayerd 64+ The dnteieannechsisuctyig-eant alse usetlkondwireseondustive paste,
stud bumgw‘nicro bump, or other electrical Interconnect. Semiconductar wafer 120 is singulated

through Satwt $r&&ts 176 With s3lbidde of Hief tifting 1561 176 28 SHIWH I RIS i Fhe cut through

semiconductarwafer 420 icbafinties oalyrpartialhsinte cansier 172. The temparary cattier 172 is removed
by chemigzéllmet((::girrggil egpagilcgl g%el-off Col\r/lle,l Secﬂ%%'cal grjlinding, thg{lmal eke,B%er scanning, or
wet stripping 10 comp?e e separation o%?f?g individial WLCSP 180 FIG. 4 shdws WLCSP 180
after singsdationa WACC SR 1804is snade tisingihe daceltostace KE2F pthievto wafer (D2AWA bondimg process,
as descmsjﬁd%s"%% s. 3a-31. WLCSrP }§§ hcaos %thin gaglgﬁjeogrofile due to the. (%i&ba%; rinding process

of semiconductor die 124 and 138 after die attach and enc psu%rti%noﬁroscaegg,lsee F t'and 3k. The

back-grindﬁtgé_att@rldiel_atﬁach sinﬁiéﬁic@spl_sulamgh yn@l(e_fcp @Mmbﬂ@mpa@&d@e’wm@h dg Less _susceptible
to defeCt%Q%:‘%qQ?”%ﬂ%gssqo%dl‘%‘ée Pillars, 156 provide glectrical Integconaect between semiconductor

die 124 and 138 and build-up Interconnect structure 160. Semiconductor die 124 is electrically connected
to semicoructsrdie 188With Baimps 1D drt cortacicpads132aare 144, Buitd-ep IntPcorect

structure 60, proyides afyll agraylnterconnegt foot-print, both around a perimeter of the lower

semiconductor die 124 and within the footprint of the lower semiconductor die. That is, the combination of
conductive pillars 156 8/& buitéhuplIAtetcenriect Sfuctiré 180 AHoWsINe @htire FR¥Prirmdf YYLCSP 180 to

be used for yerticak|nierconpectwhile mainiaining;a thin package piofile. gacn  FIG. 5 shows an
embodiment similar to FIG. 4 with bumps 182 and conductive pillars 184 formed within encapsulant 148

between EBRisCPPAHS 130c ahE cbhtiutie RYer £64 BF biildthF FiteredAnECstRERIBIA60. In this
embodiment, 1lengapgsulant; 148 coversthe sidespfisenaigenductar dieri2Aby usinggrpoves 134 as per

FqG.gC.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 130 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 IPDS, such as
inductors, capacitors, and resistors, for RF signal processing.
Contact pads 132 are electrically connected to the circuits on
active surface 130.

In FIG. 3c, an optional groove 134 is partially cut

into saw streets 126 of semiconductor wafer 120 using a saw

blade or laser cutting tool 136. Groove 134 extends only
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FIG. 6 shows an embodiment similar to FIG. 4 with posts 186 and conductive pillars 188 formed within
encapsulant 148 between contact pads 132c and conductive layer 164 of buildup Interconnect structure
160. In this embodiment, encapsulant 148 covers the sides of semiconductor die 124 by using grooves
134 as per FIG. 3c. FIG. 7 shows an embodiment similar to FIG. 4 with a heat sink 190 and
optional thermal interface material (TIM) 191 mounted over back surface 171 of semiconductor die 124.

Heat sinPE( £an beé ANEY, 8FYnother Rfaterd Wit HightRerma condbichatibSirevide heat dissipation

for semiconductgn dig=424HM.1E9b ean bealuminum oxide, gzinssxdde, asar nitddeor pulverized silver.
TIM 191 aids in the distribution and dissipation of heat generated by semiconductor die 124. FIG.

8a shows'GR eftstimeRtaTial 18 FIG 4 Kith COmatdie thrBGgls SMeSn Uias TRV W2YoHREd through

semiconduictoricie 124. A plurality of vias is formed through semiconductor die 124 over contact pads
132c using laser drilling, mechanical drilling, or DRIE. The vias are filled i&h Al, Cu, Sn, Ni, Au, Ag, Ti, W,
poly-silicon, or other sUitdbte" 8idttitally cBndT&tive {’é?fé?ﬁsi‘ﬁ%fe%ct}gyticf 6I%ﬂn5,I(§ect ess plating
process, ecothessiitablermetad depesitior pracessdd farmn conductivepESY 1924ar vertical

interconnfgctivitg/. Contacté)@glg 194 ?rfoformed ver back sFrf ce 171 of gemicondélctorod}e (%%4 and
! c

electrical yuénéonne%fedn o TSV 182 I FIG 8D, an efecttica 30/1bon Gc %v%oﬂluﬁﬁtmaterlaﬁs

deposited d%eheenductive pads 194nssing ah €vaporationnelegtrolytic piating, @lertrotelss plating, ball
drop, or screen Eggtingv[\}?%ocesgtgge [ﬁ)#méjcmateriaér_gan be Al, Sn Ni’vAéu’dA‘leiPcbesBi’ Cu, solder, and
t

. 01rc% 1 ementg Ive v1ces,’ga S y .
combinations thereof, an optional flux solution. For exampl , the bump material can be eutectic

Sn_/Pb, highdéa@t*s@td@r,l@ryl_eaé-rfre@nsbldereIﬁetbuimo_hﬁteﬁa i$ bonded mt_;bﬁ_(ﬂudtilve paus 194 u_sing a
suitable affachment or bonding Argeess. Jn ene.embadiment, the Bump materjal is reflowed by heating the

material above its melting point to form spherical balls or bumps 196. In some applications, bumps 196
are reflowled aBecond timetingirovd eldetrichl eontalcPto egductive phlds 194r Thetbunaps can also be

compressign honded to cgndygctive nads. 194 Burps 496 sepresentone fype ofintergannect structure

that can be formed over conductjve pads 194. The Interconnect structure can also use bond wires,
conducti@ﬁé@é?ﬁuﬁcﬁ{fﬁi rﬁib%lbﬁnﬂlﬁ*é%‘éﬁwe?r@&ﬁﬁ@alﬁﬁféré(ﬂwrﬂé&@leme“t analog

circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 138 may also
contain IPDS, such as inductors, capacitors, and resistors, for
RF signal processing. In one embodiment, semiconductor die 138
is a flipchip type device. Bumps 140 connect to contact pads
144 which are electrically connected to the circuits on active
surface 142.

Discrete semiconductor components 146 are electrically
connected to contact pads 132b on semiconductor wafer 120.
Discrete semiconductor components 146 can be active devices,
such as transistors and diodes, or passive devices, such as
capacitors, resistors, and inductors.

In FIG. 3e, an encapsulant or molding compound 148 is
deposited over semiconductor die 138 and wafer 120 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other

suitable applicator. Encapsulant 148 can be polymer composite
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A semiconductor die 198 is mounted to build-up Interconnect structure 160 with bumps 200.
Semiconductor die 198 has an active surface 202 containing analog or digital circuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and
electrically Interconnected according to the electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other circuit elements formed within active
surface ZB24BNAplemENCANGy BRetits dFdigitaltirctits dudhras BRPXASIEL WicthGry” bF Bther signal
processing gireuit, Semigenducer diectid8mayalsoreantain. IPDS, sk assinductoss, capasitors, and
resistors, for RF signal processing. In one embodiment, semiconductor die 198 is a flipchip type device.
Bumps 266 X0RAEHE OMTta& hadE ZUASHARH BYe RIECHTEY donfetIBHOIRE Cirkaits 8f %tfive surface
202. frofrlex® shaws anembodisnensimibartentilta Basvith ashieldingdayercX10 formed over back
surface 171 of semiconductor d'é3154. Shieldciglﬁc‘; I[%géer 210 can be Cu, A, ferrit Oé carbonyl iron, stainless
steel, nickBI'siVEF T CAPBGH steel sAIEdRtiror steet; foif, @pox§ SEohdlictle resin, and 8the? metals and
compositeéswapablecofiblacking er gbsarbitg EMIREL @nd ather intetedevide kierferende.cShielding
layer 210dcan ?Ifghbg Q]c:)n-smi%tal ?g%elr(i)e}! such as carbon-black or aluminum flake to reduce the effects
of EMI and RFT.“Shié ding layer To s grounded through contact pads 194, ISVs 192, conductive pillars
156, and build-up Inter€onhgct straiCiurgdtdder 150 FGmbd shows amrembadinfent continuing from FIG.
3b with two side-by-side semiconductor die 212 mounted to contact pads 132a using humps or
microburr?pr)lsC ﬁﬁ.uégrﬂ:c;}é%ct%?%ig) Eig hgg%a%ric%Q/e%ﬂ?%c% Cl% cgo%rtgi%%% z;‘rjnga og%ur digital circuits
Implementediascactivetdevictss passive devicesfeordictive Layerss and di€lectrietaydrsdsrmed within
the die and electrically Intercannected accarding fohe 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 suffaeé 226 te Implema@attanaidg ¢eifcuitsdridigital Tirehits, SuthdsDSPL ASHE Smemory, or other
signal processing circujt, Semiconductar die 2121may, alse contain|lBPS; sueh agdindyctors, capacitors,
and resistors, for RF signal processing. In one embodiment, semiconductor die 212 is a flipchip type
device. Bum§ii214 edindct o eBRtact pads 21 8Rvtteh rel eleeficafly toffected to e ircuits on active

surface 218chani ca Piseretersgipicopducior compgonent 220 is electrigally,cameptad to goptact pads
132b on semiconductor wafer 120. Discrete semiconductor components 220 can be active devices, such

as transistorsSadd dictfel, oripdssive’délicéd, suchrasStapdtitors’ Yesidtors, GncPindtittord 1) - FIGs.
ha-lid shew apether progessnof formingreondygtive pillarstheeugh theiercapsHlantGoatinuing from FIG.
3d, a photoresist layer 222 is deposited over semiconductor die 138 and semiconductor wafer 120, as

shown iMEIESHA2A pHitiay of PROTOFESiSTIATe P22 306l cotad Pt B2cHs BxpBSed and removed by

an etchingrreeess. Ganduetive materalisuchras-Gu, Ak pangsten WA salderds farmed in the
removed portion of the photoresist using an electrolytic plating, electroless plating, or selective plating

process. TRRPHOArESist ayet 29218 Strippd HiwAY lehVing Condtittive pRBFYSS4 Kaviky a Réight ranging

from 20-20Fpmaireanothet ght ranging from 20-200 micrometers (pm).

In FIG. 3i, a build-up interconnect structure 160 is
formed over conductive pillars 156, semiconductor die 138, and
encapsulant 148. The build-up interconnect structure 160
includes an insulating or passivation layer 162 formed by PVD,
CVD, printing, spin coating, spray coating, or thermal
oxidation. The insulating layer 162 can be one or more layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Taz205), aluminum oxide
(A1203), or other material having similar insulating and

structural properties. An electrically conductive layer 164 is
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embodiment, stud bumps are stacked over contact pads 132c. In FIG. 11b, an encapsulant or
molding compound 226 is deposited over semiconductor die 138 and wafer 120 using a paste printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 226 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with %r}?é)er filler. Encapsulant 226 is nonconductive and

environmentalyProfectItiRASeRiconbdctor delite fronY Bxtetn@ Eiémbhtsiand taitaifinants. In

FIG. 11lcgrinder 2289emonves inpoktion «f encapsulant226 and bulkimateriad frogxback surdace 229 of
semiconductor die 138, opposite active surface 142. The back surface 229 of semiconductor die 138 is

co-planafwith @op su%%g%?%hgﬁpélﬂé{ﬁﬁféﬁ)lISthoﬁleoé}%o‘?ﬁg Brocess 24€ Eown if EIG. lid. The

assemblyprocess continues, With F1Gr 3o3h easudting-ing WISk simiartoyFlIGodduct ive FIGS.
12a-12e show another process of forming cond §t've gillaﬁcs throu%h hllgyenca sulant. Continuing from
FIG. 3, BTt Infersear 230 hotnted Boer SermibsRAGCEHF N/ S 1 SHtae: pefle 132¢ on
semicondugtarwaferd 20;j as shewnin FHG4a, 12ar13brireadframe trterposes 230 Include vertical

segments o&tl)ggilgs 232.exteri%ingrfr0@d%r te 233 to coné?cglggds gg@%r'{‘c@?' 12c, an encapsulant or

molding &‘ﬁéempound-L %& }soaepos‘fted u eadirame ?ﬁ{erposeri and over s%?nr}(f:lgrwccful(:Y()lr die 138 and

wafer 120 fisingea pastéyarinting, pampeessive molding, transfer molding, liquid encapsulant molding,

vacuum lamination, sp%c%%ueng%gégt er esrtluttgblgnapﬂlllE%to%?ll%ré%gpggIasnlt \;§4 C{:éal\pibcee pollymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.

EncapsulahP284 is nogitoadaetpaecarndenvirameittally protedtsdhe semicorductor devicesfiom external
elementsi%n%aqqtggﬂ%argﬁtlg@gh&ggtgg@q%c?&gfreerq(%\@s plate 233 and a portion of encapsulant 234

and bulk material from back surface 238 of semiconductor die 138, opposite active surface 142. The back
surface 238 of semicordductdicdie31B8 is co-planamvith atopzurface of eRcapsiiant 234 following the

grinding Rrogess.as shawn, in-ElG:;12e, 1 hﬁé?@%@@@PPQ'ieSs%%%C%@E‘i‘?i%lqucg\ﬁpmé@, in
encapsulant 234 after the grinding process. The assembly process continues with FIG. 3i-31 resulting in a
WLCSP SiftlgRes FRomPosite, yhile bne G mdrecemBodififonts bfthe mies&lt inveaton hae been

illustrated in; detail the skilled artisan wilkappigciate that medifications.andhadaptations tothese
embodiments may be made without departing from the scope of the present invention as set forth in the
meWan%%ﬁﬁ%Ft' The assembly described in FIGs. 3a-31 is inverted and,
leading with build-up interconnect structure 160, mounted to
carrier 168. The temporary carrier 128 is removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal
bake, laser scanning, or wet stripping.

In FIG. 3k, grinder 170 removes excess bulk material
from back surface 171 of semiconductor die 124, opposite active
surface 130.

In FIG. 31, a substrate or carrier 172 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 for structural
support. The assembly described in FIG. 3k is inverted and,
leading with semiconductor die 124, mounted to carrier 172. The
temporary carrier 168 is removed by chemical etching, mechanical

peel-off, CMP, mechanical grinding, thermal bake, laser
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Claims What is claimed: 1. A method of manufacturing a semiconductor device, comprising: providing
a semiconductor wafer having a plurality of first semiconductor die each with an active surface;

mounting a second semiconductor die to the first semiconductor die, the active surface of the first
semiconductor die being oriented toward an active surface of the second semiconductor die;

depositing an encapsulant over the first and second semiconductor die; removing a portion of a back
surface of f78'8ed6hd Sémitdhdittor Bk Gposite the active surface;

An electrically conductive bump material is deposited
over conductive layer 164 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 164 using a suitable attachment or
bonding process. In one embodiment, the bump material 1is
reflowed by heating the material above its melting point to form
spherical balls or bumps 174. In some applications, bumps 174
are reflowed a second time to improve electrical contact to
conductive layer 164. The bumps can also be compression bonded
to conductive layer 164. Bumps 174 represent one type of
interconnect structure that can be formed over conductive layer
164. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect.

Semiconductor wafer 120 is singulated through saw
streets 126 with saw blade or laser cutting tool 176, as shown
in FIG. 31. The cut through semiconductor wafer 120 continues
only partially into carrier 172. The temporary carrier 172 is
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping to complete separation of the individual WLCSP 180.

FIG. 4 shows WLCSP 180 after singulation. WLCSP 180
is made using the face to face (F2F) die to wafer (D2W) bonding
process, as described in FIGs. 3a-31. WLCSP 180 has a thin
package profile due to the die back—-grinding process of

semiconductor die 124 and 138 after die attach and encapsulation
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forming conductive pillars around the second semiconductor die; forming an interconnect structure
over the back surface of the second semiconductor die, encapsulant, and conductive pillars, the
interconnect structure being electrically connected to the conductive pillars; removing a portion of a
back surface of the first semiconductor die opposite the active surface; and singulating the
semiconductor wafer into individual semiconductor devices. 2. The method of claim 1, further including

mountingPa Afefete stfficodifctordomponettt to tHé first3ekiiconditiditief ter die

attach and encapsulation make for a thin robust package which is
less susceptible to defects during handling. Conductive pillars
156 provide electrical interconnect between semiconductor die
124 and 138 and build-up interconnect structure 160.
Semiconductor die 124 is electrically connected to semiconductor
die 138 with bumps 140 and contact pads 132a and 144. Build-up
interconnect structure 160 provides a full array interconnect
foot-print, both around a perimeter of the lower semiconductor
die 124 and within the footprint of the lower semiconductor die.
That is, the combination of conductive pillars 156 and build-up
interconnect structure 160 allows the entire footprint of WLCSP
180 to be used for vertical interconnect while maintaining a
thin package profile.

FIG. 5 shows an embodiment similar to FIG. 4 with
bumps 182 and conductive pillars 184 formed within encapsulant
148 between contact pads 132c and conductive layer 164 of build-
up interconnect structure 160. In this embodiment, encapsulant
148 covers the sides of semiconductor die 124 by using grooves
134 as per FIG. 3c.

FIG. 6 shows an embodiment similar to FIG. 4 with
posts 186 and conductive pillars 188 formed within encapsulant
148 between contact pads 132c and conductive layer 164 of build-
up interconnect structure 160. In this embodiment, encapsulant
148 covers the sides of semiconductor die 124 by using grooves
134 as per FIG. 3c.

FIG. 7 shows an embodiment similar to FIG. 4 with a
heat sink 190 and optional thermal interface material (TIM) 191
mounted over back surface 171 of semiconductor die 124. Heat
sink 190 can be Al, Cu, or another material with high thermal

conductivity to provide heat dissipation for semiconductor die

-19-—



3. The method of claim 1, further including forming a conductive via through the first semiconductor die.
4. The method of claim 1, further including forming a heat sink over the back surface of the first
semiconductor die. 5. The method of claim 1, further including forming a shielding layer over the back
surface of the first semiconductor die. 6. The method of claim 1, further including mounting side-byside
semiconductor die over the first semiconductor die. 7. A method of manufacturing a semiconductor

device, coriprisingt™! 1 Brovidig BSsetritBrdittoriaftt hatimfa plirdfty o fiFstiseficdndtictor die each
with an agtive SUrfaGe; z e d MEUNKEE a secandisemigonductar dietodhe firstisemieandugctor die, the active
surface of the first semiconductor die being oriented toward an active surface of the second

semicon 5H&g?lon of heat generated by semiconductor die 124.

FIG. 8a shows an embodiment similar to FIG. 4 with
conductive through silicon vias (TSV) 192 formed through
semiconductor die 124. A plurality of vias is formed through
semiconductor die 124 over contact pads 132c using laser
drilling, mechanical drilling, or DRIE. The vias are filled
with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other
suitable electrically conductive material using electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form conductive TSV 192 for vertical
interconnectivity. Contact pads 194 are formed over back
surface 171 of semiconductor die 124 and electrically connected
to TSVs 192.

In FIG. 8b, an electrically conductive bump material
is deposited over conductive pads 194 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 pads 194 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 196. In some applications, bumps 196
are reflowed a second time to improve electrical contact to
conductive pads 194. The bumps can also be compression bonded
to conductive pads 194. Bumps 196 represent one type of
interconnect structure that can be formed over conductive pads

194. The interconnect structure can also use bond wires,
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forming a vertical interconnect structure around the second semiconductor die; depositing an
encapsulant over the first and second semiconductor die; removing a portion of a back surface of the
second semiconductor die opposite the active surface; forming a build-up interconnect structure over
the back surface of the second semiconductor die, encapsulant, and vertical interconnect structure, the
build-up interconnect structure being electrically connected to the vertical interconnect structure;

removing™& POHfon'ofSa BASKE Surfade or thetirst SEmitBndUetBr difoposie thé atiive Sarface; and

singulatinghthersemicenductor wafer into individual semiconductor devices.

A semiconductor die 198 is mounted to build-up
interconnect structure 160 with bumps 200. Semiconductor die
198 has an active surface 202 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 202 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 198 may also
contain IPDS, such as inductors, capacitors, and resistors, for
RF signal processing. In one embodiment, semiconductor die 198
is a flipchip type device. Bumps 200 connect to contact pads
204 which are electrically connected to the circuits on active
surface 202.

FIG. 9 shows an embodiment similar to FIG. 8a with a
shielding layer 210 formed over back surface 171 of
semiconductor die 124. Shielding layer 210 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
EMI, RFI, and other inter-device interference. Shielding layer
210 can also be a non-metal material such as carbon-black or
aluminum flake to reduce the effects of EMI and RFI. Shielding
layer 210 is grounded through contact pads 194, TSVs 192,
conductive pillars 156, and build-up interconnect structure 160.

FIG. 10 shows an embodiment continuing from FIG. 3b

with two side-by-side semiconductor die 212 mounted to contact
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8. The method of claim 7, further including mounting a discrete semiconductor component to the first
semiconductor die. 9. The method of claim 7, further including forming a conductive via through the first
semiconductor die. 10. The method of claim 7, further including forming a heat sink over the back surface
of the first semiconductor die. 11. The method of claim 7, further including forming a shielding layer over
the back surface of the first semiconductor die. 12. The method of claim 7, wherein the vertical

interconreetStrdctare Hefds A EETIETivE PR PStaBRe o bimps SpBst e pifido br Bhfmp?drd pillar. 13.

The methagsofclaig ¢ i wheksin forpung the verticaliintergornect stfuetirg ingludes: ¢ 1 rmounEng a
leadframe interposer over the first and second semiconductor die prior to depositing the encapsulant, the

leadframe TREFFSEET F1E1Gding Platd AndDodies extAding o e Pie 1& HEHSE s8Mmiconductor die:

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 216 to implement analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 212 may also contain
IPDS, such as inductors, capacitors, and resistors, for RF
signal processing. In one embodiment, semiconductor die 212 is
a flipchip type device. Bumps 214 connect to contact pads 218
which are electrically connected to the circuits on active
surface 216.

Discrete semiconductor component 220 is electrically
connected to contact pads 132b on semiconductor wafer 120.
Discrete semiconductor components 220 can be active devices,
such as transistors and diodes, or passive devices, such as
capacitors, resistors, and inductors.

FIGs. 1lla-11d show another process of forming
conductive pillars through the encapsulant. Continuing from
FIG. 3d, a photoresist layer 222 is deposited over semiconductor
die 138 and semiconductor wafer 120, as shown in FIG. 1lla. A
portion of photoresist layer 222 over contact pads 132c is
exposed and removed by an etching process. Conductive material
such as Cu, Al, tungsten (W), Au, or solder is formed in the
removed portion of the photoresist using an electrolytic
plating, electroless plating, or selective plating process. The
photoresist layer 222 is stripped away leaving conductive

pillars 224 having a height ranging from 20-200 pm. In another
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depositing the encapsulant over the first and second semiconductor die and around the bodies of the
leadframe interposer; and removing the plate to leave the bodies in the encapsulant as conductive
pillars around the second semiconductor die. 14. A method of manufacturing a semiconductor device,
comprising: providing a first semiconductor die having an active surface; mounting a second
semiconductor die to the first semiconductor die, the active surface of the first semiconductor die being

oriented fIW4E dREactive SurfacBBiRTe &Corit S&iionalictor T8t 2 forhifAg alvettical interconnect
structure around the segondmsemiconductar diecapsulant or molding compound 226 is

deposited over semiconductor die 138 and wafer 120 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 226 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 226 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 1llc, grinder 228 removes a portion of
encapsulant 226 and bulk material from back surface 229 of
semiconductor die 138, opposite active surface 142. The back
surface 229 of semiconductor die 138 is co-planar with a top
surface of encapsulant 226 following the grinding process, as
shown in FIG. 11d. The assembly process continues with FIG. 3i-
31 resulting in a WLCSP similar to FIG. 4.

FIGs. 1l2a-12e show another process of forming
conductive pillars through the encapsulant. Continuing from
FIG. 3d, a leadframe interposer 230 is mounted over
semiconductor die 138 to contact pads 132c on semiconductor
wafer 120, as shown in FIGs. 12a-12b. Leadframe interposer 230
include vertical segments or bodies 232 extending from plate 233
to contact pads 132c. In FIG. 12c, an encapsulant or molding
compound 234 is deposited under leadframe interposer 120 and
over semiconductor die 138 and wafer 120 using a paste printing,
compressive molding, transfer molding, ligquid encapsulant
molding, wvacuum lamination, spin coating, or other suitable
applicator. Encapsulant 234 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or

polymer with proper filler. Encapsulant 234 is non-conductive
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depositing an encapsulant over the first and second semiconductor die; removing a portion of a back
surface of the second semiconductor die opposite the active surface; forming a build-up interconnect
structure over the back surface of the second semiconductor die, encapsulant, and vertical interconnect
structure, the build-up interconnect structure being electrically connected to the vertical interconnect

structure; and removing a portion of a back surface of the first semiconductor die opposite the active
surface. A5 TRB M&tABHD chiimY1 A FairtR&NRCHIMSRBUAGRG A distretéederfiitohdGEtor component to

the first septieenductendige 16s Thadnetbad of claimckd, furtherrincludingformging.aeenduetive via

through the first semiconductor die. ,
removes plate 233 and a portion of encapsulant 234 and bulk
material from back surface 238 of semiconductor die 138,
opposite active surface 142. The back surface 238 of
semiconductor die 138 is co-planar with a top surface of
encapsulant 234 following the grinding process, as shown in FIG.
12e. The remaining bodies 232 constitute conductive pillars in
encapsulant 234 after the grinding process. The assembly
process continues with FIG. 31i-31 resulting in a WLCSP similar
to FIG. 4.

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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17. The method of claim 14, further including forming a heat sink over the back surface of the first
semiconductor die. 18. The method of claim 14, further including forming a shielding layer over the back
surface of the first semiconductor die. 19. The method of claim 14, wherein the vertical interconnect
structure includes a conductive pillar, stacked bumps, post and pillar, or bump and pillar. 20. The method
of claim 14, wherein forming the vertical interconnect structure includes: mounting a leadframe
interposer over the first and second semiconductSrlé'ié’ﬁior to depositing the encapsulant, the leadframe
interposer including plate and bodies extending from the plate to the first semiconductor die;

depositing the encapsulant over the first and second semiconductor die; and removing the plate to
leave theﬂ?@d?eslﬁ fAtdeitapsulant as conductive pillars around the second semiconductor die.

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

providing a semiconductor wafer having a plurality of first
semiconductor die each with an active surface;

mounting a second semiconductor die to the first
semiconductor die, the active surface of the first semiconductor
die being oriented toward an active surface of the second
semiconductor die;

depositing an encapsulant over the first and second
semiconductor die;

removing a portion of a back surface of the second
semiconductor die opposite the active surface;

forming conductive pillars around the second semiconductor
die;

forming an interconnect structure over the back surface of
the second semiconductor die, encapsulant, and conductive
pillars, the interconnect structure being electrically connected
to the conductive pillars;

removing a portion of a back surface of the first
semiconductor die opposite the active surface; and

singulating the semiconductor wafer into individual

semiconductor devices.

2. The method of claim 1, further including mounting a

discrete semiconductor component to the first semiconductor die.
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3. The method of claim 1, further including forming a

conductive via through the first semiconductor die.

4. The method of claim 1, further including forming a heat

sink over the back surface of the first semiconductor die.

5. The method of claim 1, further including forming a
shielding layer over the back surface of the first semiconductor

die.

6. The method of claim 1, further including mounting side-by-

side semiconductor die over the first semiconductor die.

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

providing a semiconductor wafer having a plurality of first
semiconductor die each with an active surface;

mounting a second semiconductor die to the first
semiconductor die, the active surface of the first semiconductor
die being oriented toward an active surface of the second
semiconductor die;

forming a vertical interconnect structure around the second
semiconductor die;

depositing an encapsulant over the first and second
semiconductor die;

removing a portion of a back surface of the second
semiconductor die opposite the active surface;

forming a build-up interconnect structure over the back
surface of the second semiconductor die, encapsulant, and
vertical interconnect structure, the build-up interconnect

structure being electrically connected to the vertical
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interconnect structure;
removing a portion of a back surface of the first
semiconductor die opposite the active surface; and
singulating the semiconductor wafer into individual

semiconductor devices.

8. The method of claim 7, further including mounting a

discrete semiconductor component to the first semiconductor die.

9. The method of claim 7, further including forming a

conductive via through the first semiconductor die.

10. The method of claim 7, further including forming a heat

sink over the back surface of the first semiconductor die.

11. The method of claim 7, further including forming a
shielding layer over the back surface of the first semiconductor

die.

12. The method of claim 7, wherein the vertical interconnect
structure includes a conductive pillar, stacked bumps, post and

pillar, or bump and pillar.

13. The method of claim 7, wherein forming the vertical
interconnect structure includes:

mounting a leadframe interposer over the first and second
semiconductor die prior to depositing the encapsulant, the
leadframe interposer including plate and bodies extending from
the plate to the first semiconductor die;

depositing the encapsulant over the first and second

semiconductor die and around the bodies of the leadframe
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interposer; and
removing the plate to leave the bodies in the encapsulant

as conductive pillars around the second semiconductor die.

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

providing a first semiconductor die having an active
surface;

mounting a second semiconductor die to the first
semiconductor die, the active surface of the first semiconductor
die being oriented toward an active surface of the second
semiconductor die;

forming a vertical interconnect structure around the second
semiconductor die;

depositing an encapsulant over the first and second
semiconductor die;

removing a portion of a back surface of the second
semiconductor die opposite the active surface;

forming a build-up interconnect structure over the back
surface of the second semiconductor die, encapsulant, and
vertical interconnect structure, the build-up interconnect
structure being electrically connected to the vertical
interconnect structure; and

removing a portion of a back surface of the first

semiconductor die opposite the active surface.

15. The method of claim 14, further including mounting a

discrete semiconductor component to the first semiconductor die.

16. The method of claim 14, further including forming a

conductive via through the first semiconductor die.
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17. The method of claim 14, further including forming a heat

sink over the back surface of the first semiconductor die.

18. The method of claim 14, further including forming a
shielding layer over the back surface of the first semiconductor

die.

19. The method of claim 14, wherein the vertical interconnect
structure includes a conductive pillar, stacked bumps, post and

pillar, or bump and pillar.

20. The method of claim 14, wherein forming the vertical
interconnect structure includes:

mounting a leadframe interposer over the first and second
semiconductor die prior to depositing the encapsulant, the
leadframe interposer including plate and bodies extending from
the plate to the first semiconductor die;

depositing the encapsulant over the first and second
semiconductor die; and

removing the plate to leave the bodies in the encapsulant

as conductive pillars around the second semiconductor die.
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