SEMICONDUCTOR DEVICE AND METHOD OF FORMING NO-FLOW UNDERFILL MATERIAL
AROUND VERTICAL INTERCONNECT STRUCTURE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming no-flow underfill material around a vertical interconnect structure. Background of
the Invention Semiconductor devices are commCérfl:_ly found in modern electronic products.
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SemiconductSPHRERWE O H%Vmbéﬁanadﬁgﬁ% Igeﬁﬁf‘]@orﬁﬁaﬁéﬁg SHRFRE Skiconductor
devices generally cont @W@@ct?@ﬁ%ﬁﬁ%n&f%ﬁ?ﬂﬂﬁpgmﬁﬁﬁé]ﬁPB%E(LED), 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 semiconductordeideeoifickiie icvecanimiers, microprocessors,
charged-coupled devices (CCDs), solar cells, and digital micro-mirror devices (DMDSs).

Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electronagaetic sigoals, cantsalting electronicdeieesydramstarning sunlight to electricity,
and creatingnvisua!j%roiectiogs for televisi%n disglaé/s. Se icorlduc_ltor decvices are found(i}p the fields of
entertainrsh%n%,cc%rrlnmﬁnf?:]étior%],lpco%\}s’eragnen’erg}lorn, n%?vﬁork%}lcgrﬁpﬁfers,oanad Sonsumer ﬁr% Ucts.
Semicondeactordevicds mes Also folind grming no-flow underfill material around a

vertical interconnect structure.
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), 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 generation, networks, computers, and

consumer products. Semiconductor devices are also found in



electronic products including military, 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 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 cOMEINSEHAVE aRE PSSR elBGHiearStlciires A Ve STIGGRERD ncluthing ran¥iRtors, control

the flow afrelectdeal-current.tBy varying leyels of dopirg ane application of an electric field, the transistor
either promotes or restricts the flow of electrical current. Passive structures, including resistors, diodes,

and inductors, create & felAtoHARTBETveER Voiage HHd CUrfent HecB4§4ry 16 Petform a variety of
electricalduneiionsi & be passivie ianshactitvesirucitres aie electrically conneetegtodorn ci#cuits, which
enable the semiconductor device tq perform highspeed calculations_and other useful functions.
SemiconiiGtor ABHEES GFe BERGTaNS MATNSErert GeiRd b corhlex RATAUNG pldtelSes. ic.
front-endmaanyfacturing, and tlack-endinmaatfacturing, eack irvotwng potentially hundredssf steps.

Front-en% eanug%ctgggg (i)r%/o(ljvoesithe forrg%tioinnof a glﬁural(i]% &2 diei%n &heiscurf%cei(r)lft% s%r%]éconductor
wafer. Each dié is ?yplcally idéitical and contains circuits formed by é?eé:trlcaﬁﬁ/ connecting active and

passive commpanenisidBack-erd manufadtoring involvestsingulating mdnadualidie from the finished wafer

and packag%p&tggidie fo p{)o%/iqc%gr%%turiacl OSHBB%@ grnd Cfeen\y{rggmental isolation. One goal of

, € . : ; .
semiconductor manﬁf‘ac}/urlng is to produce smaller semiconductor devices. Smaller devices typically
consume less power, Havechighemperfdrarantey ang canibesprodueed more &fficienths iivaddition, smaller

semiconductor, davices g%\é%gﬁq}aélg( fq%grﬂ'qtvgvh'éc&ig Cdce@yggl,e for é'ﬂﬁﬂ%snd products. A smaller die

size may be achieved by improvements in the front-end process resulting in die with smaller, higher
density attiverand passive conponkntd) BackeendPproeesses nayreSUlt resémicoRduttor devige

packages with pssmalleffootRying Ry impravements in slectrical intercpnpegtion gnd packaging materials.
transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, 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



The electrical interconnection between a fan-out wafer level chip scale package (FO-WLCSP) containing
semiconductor devices on multiple levels (3-D device integration) and external devices can be
accomplished with conductive through silicon vias (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
through ai"életfbplafifg ProceEst fF foti'the Tonductiie TSV s K FigVs CARVter ieVel molding
compounglis slepesited in hefina) manuaciugng stagesaliandhe vertigakinteraonRe s sYuGRES IS
formed. The dimension of temporary carrier/wafer chunk table must be customized to fit wafer level
molding StEMEThe Fdrmvation of A THY Pas {BR hsSharer TeveP ROIGRG L ind6IVeS Shecial
equipment; slovaprocesses; ansoeqstlymanufacttring steess Stummaryr oftherlavertiorend A need

exists to form a vertical Interconnect structure in a semiconductor package. Accordingly, in one
embodinBht AHE preserit IRUEHibR is & Tethbt o Haking s SehigSRductSr AbES EoMpHsmg e steps of
providingta &irst saearificial Castier; farming adfirsticanductive tayet onesthelfirst sacrifigtad carrier, forming a
first soldef{ bump over the first conductive Ij\é/er, depositing a noflow underfill material over the first
sacrificia ganrfc’lér,kfirs‘?tccolrl‘cfi%cﬁ\?el %Fcﬁsalnv firstSolder Bump, cor%%res%rllng ] first Sémiconductor die or
componerg intd the no<flow aodettilt ntatedakto atectrcaboeontadttthe dirstrcohdectivieolayer, jptanarizing a
first surf%ce oif ther ne-ef}ggv %gd%rfill Mate i%Ii%nadlfirlst ggljt_glg(rj Qum tgng f%rn in aacl‘}i;g% ilnr'%erconn_ect
structure over the first surface of the no-flow uriderfill material. The first interconnect Structure is
electricaltyedornneeted. to the first solder bump The method further includes the steps of mounting a
second sacrificial carrigs,qver the first interqannect strycture, semoving the firstisgerificial carrier, and
forming a second interconnect structure over a second surface of the no-flow underfill material opposite
the first intercohneki strgctarde Thecderond (AteréBringdl staathre sielecteicalihromshetted to the first

solder busap ficsntatognect sty And st seaisonductoy die,oncomponent, The.etod further

includes the step of removing the second sacrificial carrier. n another embodiment, the present

inventionds &lriethoelPat gking CsethicdRGHCtGl Beviee ROHTPrisHRYy thersteps: of proviting &ifitst carrier,
forming a z-girgction, intersanneatstructure ovep fhe first satrier depositing:a pesflaw ynderill gnaterial

over the first carrier and z-direction interconnect structure, compressing a first semiconductor die or
componeht frito & ndFIoNFEndeYfif HateRaAl, aRd $819iRg @ f3tmterdonAét stdickite dVef a first surface

of the no-floywynderéilh maferial; The fisst intesgonnect stryeture is eleetrically gonrnecfed torthe z-direction
interconnect structure. . . .
vias are filled with conductive material, for example by copper
deposition through an electroplating process, to form the
conductive TSVs and THVs. A wafer level molding compound is
deposited in the final manufacturing stages after the vertical
interconnect structure is formed. The dimension of temporary
carrier/wafer chunk table must be customized to fit wafer level
molding system. The formation of TSV and THV, as well as wafer

level molding, involves special equipment, slow processes, and

costly manufacturing steps.
Summary of the Invention

A need exists to form a vertical interconnect

structure in a semiconductor package. Accordingly, in one



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a first carrier, forming a z-direction interconnect structure over the first carrier,
depositing an encapsulant over the first carrier and z-direction interconnect structure, compressing a first
semiconductor die or component into the encapsulant, and forming a first interconnect structure over a
first surface of the encapsulant. The first interconnect structure is electrically connected to the z-direction

interconrfeBPSHiaEtans - the HRaRsiHer EmsaUinent, the prés Myventionds d¥enficonductor device
comprising:a fisstrconduetive;@yerand gnlirection dnterconnespstrustura-everdhea dirst conduetive Layer.
A no-flow underfill material is deposited over the first conductive layer and z-direction interconnect

structure SASehicSndUCtSAdiE OF comieht s Corhipredbed T3 1hE hoSour tifide/ Tl Miateh&l. A first
interconnect structare-isfformed over a fiest, suftaca 0f dghey ne-flove undardith maternial. $hefirstHaterconnect

structure %s eletctricall connected to the z-direction interconnect structure. Briff fI:))escri tion, of the
Drawings ** 5% CRIGUCihéfrated E printedeieuit bodrd (PCBY with diffsteht & %s%?%%&%ggles mounted
to its surfacer the fEKGS 2a=2c¢ illaostratelfucther detajl of thes tepresentativer semicgsdctatgpackages
mounted to the PCRB; FIGs. 3a-31 illustrate a 0cess of forming.no-flow u derfillrmaterial around

vemcwinéﬁ%nnSSHQﬁﬁnﬁ%Fp’ compressing a tirst semicomductor die o
component into the no-flow underfill material to electrically
contact the first conductive layer, planarizing a first surface
of the no-flow underfill material and first solder bump, and
forming a first interconnect structure over the first surface of
the no-flow underfill material. The first interconnect
structure is electrically connected to the first solder bump.
The method further includes the steps of mounting a second
sacrificial carrier over the first interconnect structure,
removing the first sacrificial carrier, and forming a second
interconnect structure over a second surface of the no-flow
underfill material opposite the first interconnect structure.
The second interconnect structure is electrically connected to
the first solder bump, first interconnect structure, and first
semiconductor die or component. The method further includes the
step of removing the second sacrificial carrier.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first carrier, forming a z-direction interconnect
structure over the first carrier, depositing a no-flow underfill
material over the first carrier and z-direction interconnect
structure, compressing a first semiconductor die or component
into the no-flow underfill material, and forming a first

interconnect structure over a first surface of the no-flow

underfill material. The first interconnect structure is



FIG. 4 illustrates the FO-WLCSP with no-flow underfill material around vertical interconnect structure;
FIG. 5 illustrates stacked FO-WLCSPs electrically connected through the vertical interconnect structure;
and FIG. 6 illustrates a semiconductor die mounted to the FO-WLCSP and electrically connected
through the vertical interconnect structure. Detailed Description of the Drawings The present
invention is described in one or more embodiments in the following description with reference to the
Figures, fhiifich 1iké htimérar1epresént the 85mé 6t sinffar B ments "WAME fchinvention is described
in terms gfthgdxest eode 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 e HVRRGSH aSHefined By the EpPeRIES SAimS BRathe? equifvatents as
supporteaidyrbe felfowiag disglesuseandsiawiigsr devicSestegnduciorgdesieessaregenefally
manufactured using two cgmplex manu,facturigg §processes: front-end manufactturing and back-end
manufaciiRg  Froht-ehd manifacttiingihvolves e formafion of apidraityof dié SR'tHE Surface of a
semiconductarwafes. baehr diehen therwafet contains actireoand passive etectrigal components; which are

electricalgyhconpectecd to form functional el c:trica,lC circuits. @c{jve electrtical tc:om gggnts, such as

transistors, have the aﬁﬁ@rtéec%n?r% the flow of electrical GUrTert. Passive elec rlcalec’omponents, such as
capacitorspimouctors nrgsistdrsrand tramsformers; treate iseretationshipbetme ennoltagesand current

neces&mg&8£§ggIgng?cgggj%ggﬁg%@CQO@%rst interconnect structure over a

first surface of the encapsulant. The first interconnect
structure is electrically connected to the z-direction
interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a first conductive layer and z-
direction interconnect structure over the first conductive
layer. A no-flow underfill material is deposited over the first
conductive layer and z-direction interconnect structure. A
semiconductor die or component is compressed into the no-flow
underfill material. A first interconnect structure is formed
over a first surface of the no-flow underfill material. The
first interconnect structure is electrically connected to the z-

direction interconnect structure.
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (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 no-flow

underfill material around vertical interconnect structure;



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

changing the semiconductor rhatetidf Ebhat@Rity F ré<PoRsE 15 alididcthie Tihe " rafsisors contain

regions aofiyaring typesanthdegrees of dopingarranges-as aecessany-to; enable the transistor to promote
or restrict the flow of electrical current upon the application of an electric field. Active and passive
components are formet By lagersiofatefiafSwith afferent Selihicarsopefies” TR tdyers can be
formed by anvasiety of depesition technigiesideiermined i partdythe type ofimaterial dheing deposited.
For example, thin film depositjon, fy irtlvolve chemical vapor dg’positicg, %SVD%fh ical vapor deposition
(PVD), electrolytic platﬁ@?ané efectiotedBiating procksses FadiPiayeris Jen SI%;p&t?erﬁ d to form
portions eftadtive I®Mmpehents, Eassiveldompenents, tarcel ectricalgtontiestiors betwelen components.

The layers can be patterned using& hotolithography, which involves the deposition of light sensitive
material, %ar.lg.%ﬁg orrléescfst, over the 53(7”ér 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 unds@@ggliae\@rﬁg %)glp%é&?{%%d. oqu:Eg@gggg;i%fqége photoresist is removed,
leaving behind a patterned layer. Alternatively, some types of materials arepatterned by directly
depositing the material into the areas or voids formed by a previous deposition/etch process using
techniques such as elettolesscahélectrulytic pfatings descr Depdsiting @thirefilmnoftmaterial over an
existing patiern can exaggerate the-uRderlying, pattem, and ereate; anpn-uniformly. flat surfgee. A uniformly
flat surface is required to produce smaller and’'more densely packed active and passive components.
Planarizdtibfitcz@she Uised fol fEmavi& materis frohs tiesmfas6f thesvafeand praduteld tniformly flat
surface. Blanatization inyglves paljshing the surface of theswaferwith; 3 polishing pad. An absasive
material and corrosive chemical are added to the surface of the wafer during polishing. The combined
mechani@1&tibR of Bd abrasive antbcarysivé aefiors oPthescehiedl reffovesanydfregular topography,
resulting ipa soforalyflat sudaeee sk i11Back-and manufacturing refers to qutting Q£ singylating the
finished watfer into the individual die and then packaging the die for structural support and environmental
isolation. SR §ihgatate tHedieV iy wifet i€ $66red Ut broken afBhg AdrfinttidRaryidi of the wafer

called sawrstreets @r seribes: Theavafer isi singulated-uging @dasercutiing devise of sameblagdeAfter
singulation, the individual die are mounted to a package substrate that includes pins or contact pads for

interconn@étion Wit StRBAS S tEMACIMTpGiehtS EdntatpddSformed Gver THEBemicThda¥tdr e are then

connecteddo xontact pads within the packageaw heglectrical connections can be made with solder
bumps, stud bumps, condu,ctiveﬁﬁaaste, or wireponds. An encapsulant or other moldig% material is
[

deposited over the package 16 ProVide bhiSidarsipportarif8ietiich¥ isBftioh® The finfsned Phtkage is
then insetted intemar eleciticah systemrandthe-iuocterality of thersemiconducior deviee isymade available
tOtheOﬂggé¥§§%%C%glg ggsuring. 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, 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



FIG. 1 illustrates electronic device 10 having a chip carrier substrate or printed circuit board (PCB) 12 with
a plurality of semiconductor packages mounted on its surface. Electronic device 10 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 10 may be a stand-alone system that uses the semiconductor packages to perform an
electricalFdRction' Adtbriativel elddtfonic-@&\ice 10 may be a subcomponent of a larger system. For

example, electronic deyigeskOmayhe a graphicseafslo netwark dnterfase card, o othernsignal processing
card that can be inserted into a computer. The semiconductor package can include microprocessors,
memorie§ "APication spE&fic eGAtEd Gir&lits"ASIEsPYodic THEURS anhIdy Criie, REEuits,
discrete devicesi Df @thersemicoadycier dier eleciseal components.y, etcHaddG. AnBCB 12 provides
a general substrate for structural sypport and electrical interconnect of the semiconductor packages
mounted O RS PCE “E8RductsIgTal tFaceR 14 4re fOPRBA bvér s stiffale 'of Within layers of PCB 12
using evaporatiomdalectralyticaplating,lelegtraless platingssereen printingnP Vi, da other soitable metal
depositio process. gi%l}al Stra(g:rels 14I%rgvi(§ig fog1 electrg)ca(leg%mr%%i%atg)n %{[\évegTeecatch .Of tklle
semiconductor packabes,um%)unt'ed componé)n]tsfgar?cf other external slystc’em componen%sl. Fraces 14 also
provide powetandiground cdnrectionsridweachrofithée semidonductartpackades.ices, In some
embodiments emiconductor device has two packaging.levels. First level packaging is a technique for
mechanigéil?/ﬂasif;oélrgéﬁi%aﬁ& gttgc H}rl@: ?ﬁeg lslgrg?g%n%%%teogld% toa %3rr|aer¥3§ép£:%r?§ e?/el packaging
involves Aeehanically aneg electrdcdllyattachirigethe carriehtertbe IRCB hia gtheriembddintents, a
semicondyclar.deyioe.iay.only bays e, fitst yel packaging, whete e dieds mechanically and.
electrically mounted directly to the PCB. For the purpose of illustration, several types of first level
packagingr meiidirie wWire sonidrgackage 1eand flipvehipy 18Jaltevsitoivia b REB 19¢Additionally, several
types of %eocgm#eg%lm agingsincluding, 9@%9@9 auray(BGA)20,hump ehip garrier (BCG),22, dual
in-line package (DIP) 24, land grid array (LGA) 26, multi-chip module (MOM) 28, quad flat non-leaded
package POFRS 30T a4l quad flat prckdge 32 Careishvlvitiotntdd 6 PTE 12. PEPAAdiA§ Lpdn the
system reguirements -any combingtion 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
12. In some embodiméeHts, ‘el&ctditic Bevice 19 inelides Adifgle dtached 3@ nidodduittsrpatkage, while

other empgdiments sall farmultiplesintareornected pagkagass By-qonaliningone oLmeore seaconductor
packages over a single substrate, manufacturers can incorporate pre-made components into electronic

devices atftl AR, BEciusEPthbdemitdndator pacikiyes Traide s8phistcard fanctiohRlity, electronic
devices gadrhe manufacturgsusing eheapar-companents apd o steeamlined-manefacturjng progess. The
resulting devices are less likely to fail and less expensive to manufacture resulting in lower costs for

consumefd. 1™ PG EE LRI (tated HithET delaldr BP ZARTSurited SR PcB 12! BIF 24 includes
semicongiicieridie B4haamng eeplest tion (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



pads 36. Semiconductor die 34 includes an active region containing analog or digital circuits Implemented
as active devices, passive devices, conductive layers, and dielectric layers formed within semiconductor
die 34 and are electrically Interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 34. Contact pads 36 are made with a conductive material,
such as AIGHEH (AL TOPPEr EEDHR (SR HARI (RHY, god TAw), Gt SHGer o) ald areefttrically
connecteghtpdbe sircyit elements fermedwithinrdie 4o Contad pads Is-predormed byRvVD, CVD,
electrolytic plating, or electroless plating process, During assembly of DIP 24, semiconductor die 34 is

mounted 8 aarfiér 38 bSing K gBlSaic ot eltBEHE 1ayRF BF AdRdside MEn&%uch as thermal epoxy.
The packagedodyiloaludesandnsuative packaging araieralssichashpelymer ereeramis sCanductor
leads 40 are connected to carrier 38 and wire bonds 42 are formed between leads 40 and contact pads
36 of die 34554 § §ﬁé\?el% %ﬁé@iﬁg. Encapsulant 44 is deposited over the package for environmental
protection by preventingemoisturerandaparticles ffiom enterimng-the ipackage andrcostaminatiog die 34,
contact padg 36, or wire bonds 42. DIP 24 is con g%ed.to PCB 12 %insreléii]n leads 40 into holes formed
through pe tfzr.%o?daer material 46 is flowed around teads 40°and into the holes to physicéjlfil and

electricallyncormect DIF 24tto RCE 42¢ Solderumatéraldd can be anyrmhetat of electrdpally@dnductive
material, e.9.,.Sn, lead (Pb), Au, Ag, Cu, zinc (Zn), bismuthinite (B1), and_allpys thereof, with an optional
i macehal Eor oriple Hhe SO s St BLTEcRe Groiob. Mo laad s free

FIG. 2b Ihstrates further detaiheffBCE22motmteden PERI 12 0Sericoreustdralie 47 i€ tonnected to a
carrier by yire hond style firstIevel packagingBGC. 22 is. mounted:o REB 12 with 4 BEC style second
level packaging. Semiconductor die 47 having contact pads 48 is mounted over a carrier using an
underfill drlepoxgiresiniadhesheomaterial 501 Seimicortditerdié a74nelideb anvadtive regioh containing
analog ordigital citeyits Implemented as acfive devices, passive deyiegs 1candutiye Jayers,,and dielectric
layers formed within"semiconductor die 47 and are electrically Interconnected according to the electrical
design ofthesfie. Fortéxaniie fhe<cirebitimay Wichirde eve bFendre trapsistsrs, dibdes, Inductors,
capacitorsfesisters, apd:othercircuit elementssformed within the-active region,afidie 47 Contact pads 48
are made with a conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are electrically connected to
the circui Elehhénts fGrRicPWithFIAE 247 . Eontact pads YsrareTBARAEABYPVE SEVD: Blettrolytie plating,
or electralessrplating pracesssWikesbands 54 and bond pads 56 and 58 electrically connect contact pads

48 of semiconductor die 47 to contact pads 52 of BCC 22 forming the first level packaging. Molding
compound or encapsulaht 5053 dePasittPGet senficordictor dig 47 WireSoritds 54, contact pads 48,
and contagtrpads-a2 teproviderphysicat supper and electrical iselation farihe devicenontact pads 64
are formed over a surface of PCB 12 using evaporation, electrolytic plating, electroless_plating, screen
printing, PYD 87 blier StftabiemEtal deposifibh prdcedSmi dre 1 Hically plated' i hrévent oxidation.
Contact pads1@4 electricatly conneciliaonetoremate=gonductive signal races 14dSelger nraiedal is
deposited between co_r]ftact C%ads 52 of BCC 22 an colgltact Pds 64 qflP B 12. Th{:‘ solder material is
reflowed %o form Bl?rrﬁps%% which form & rlnoercl:ﬁaﬁicaFareld Sfectrica %onﬁectfsbanwbestwre%%tsc’cerzz and PCB
12. scini B4G.. 2¢, Bemicariductarsdie ik8yis Imauwnted Jaceydawhde €arriertA6i with aflip chip style first
level packaaing, BG,20 is aliached to.RCR 12.with a BGA style second |evel packaing, Active region
70 containing analog or digital circuits mp%mentledn ds active devices, passive devices, conductive layers,
and dielectriclayerskfepgned within sémiconalucton die1d8 ss electrically aterconneptedisactording to the
electricalidrtlatsiegfncgfntrrl\gcdcig.oliorwe:.LxC%mplght@hg csi)rcg'terpnayégncluodrgeor%% or more %raa(rjlgistor ,Sdiodes,
inductors, capacitors, resistors, and other circuit efements formed within active regio% 0 of
semicondustoredie 18: Serticonduciordie Usiseldctrcallycaridimechanically attattred-toncarier 76
through 3,lzige pugpey, of ineliidugl onductiye. salder.bumps or balls 16 Solder ounRs.74 g formed
over bump pads or interconnect sites 80, which are disposed on active region 70. Bump pads 80 are
made withiigBorfducdioe nvateral, saEhdsmInea, SAONH ALK by Age aptiare elecicaiycuhmected to the
circuit elerpents formed in,actiye region 79, Bump pads 80 are,formed by RVP G VIR, electiplytic plating,
or electroless plating process. Solder bumps 78 are electrically and mechanically connected to contact
pads or iReFEGHIRCE Sités 8% bATAPHESG By astitherTefloWprodessrical isolation.
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BGA 20 is electrically and mechanically attached to PCB 12 by a large number of individual conductive
solder bumps or balls 86. The solder bumps are formed over bump pads or interconnect sites 84. The
bump pads 84 are electrically connected to interconnect sites 82 through conductive lines 90 routed
through carrier 76. Contact pads 88 are formed over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other suitable metal deposition process and are
typically piafed to grelent BadatsH: Gﬁtg&%djsfﬁa%%ﬁidaw Cofflett6 %?lﬁjcﬁarfoﬁé‘/@&rﬁiﬁctive

signal traggs 1dndheselder humps:§6 are elestrically eapddnechanicallyicannesteghtgecontact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding compound or encapsulant 92 is

deposited 89er-§&micohdubtdf di 18 and CaRfat 78 IPsYa% deSphysical support and electrical isolation for
the device. The flip chip semiconducterdemiess peovidasra shert @ectieal conduetiorgpathdrarp the active
devices on semiconductor die 18 to conduction tracks on PCB 12 in %rdeg to reduce si%nal propagation
distance, 98Wer CapAcitahcd 2aiTd HhpFovelbveralt citclit perfotftahce” i andthel &fibodiment, the
semiconguaterdie thd cah bemiechamicatly and=eteetgeallyrattached directly 40 RGH d2a1sing flip chip style
first level packaging.withput carrier 76. FIGs. 3a-31 lllustrate a.process of forming a vertical
(oot e Sorect S for & a8 wars? IavBrehip scald pacaue (FO-WECERY S FIG. 3a,
a sacrificiat wafercfophesubgtrate orfcareier $00 ¢ontairs damkagerssactiiciahBasg nuatetidlesuch as
silicon, palymer, polymer composite,.metal, ceramic, glass, glass epo eryllium oxide, or other suitable
Low-costéﬁg%ln%g%gr%?br bﬂ}lgeserrﬁjé?ﬁéue&%r r%%l eérlsgl ?cs)ff s%u%%&r%?lgfhyﬁ%rg I %%]éaeqre]k?oéllrm%nt carrier
100 is 20s3 centimeters fcm)linfdiameter Ancoptiohal ihterfacealayencan be formed over carrier 100 as a
temporary bonding film;Q etchestap layer.: .. 1o Agonductiveayer,102 is formed in jndividyal portions
or sections over a top surface of carrier 100 using a deposition and patterning process. Conductive layer
102 is formsed using PED ICVYD gptrerimg, Electrslyticoplatng calectroless plating précess, or other
suitable rpgtal depasition pracess: Congyctive layer 102 cap besone anmore layers,of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. The individual portions of conductive layer 102 can
be electricAiRF EBMATAT6r ElEckichfly Eotatéd HepBndingn readdsigh afid Asiction 6t th€ Séffconductor

die. Some portigns.ef conductive layer 102 operatgas.an Hpderrbump metallizgtion jayer (UBM) or bump
pad for later-formed solder bumps. UBM 102 can be a multi-metal stack with adhesion layer, barrier layer,

and seed®drAREting1ay&TS The Adhrsioniagér is Formrsd dverccrher 100 8r tefaes!s§Er and can be Ti,

titanium nifridesdiN); ditanidputingstensdd Woa Al :0f chraraium (Ehe Fhedastierdayekisermaed over the
adhesion layer and can be made of Ni, nickel vanadium (N1V), platinum (Pt), palladium (Pd), T1W, or
chromiuriRBppEA(CIE) SPivé barrfer 18yt Fkibits! e difftision of il intd the'a&tive area of the die. The
seed layeriganuhe €U, AhNBY, AurefiAk Iherseediayeriis {grmedseverdhe pasrieidayeioand acts as an
intermediate conductive layer for the subsequent solder bumps or other Interconnect structure. In one
embodiment UBRFINZE otasThulipfe Refs Siediedivbly R RIAS, 1/Cu, TIW/Cu, II/Cu/NIV/Cu,
or their combination. UBM 202 providesa low resistiveldderconaret; as wellkas adasrierdo solder
diffusion agd seted Ia;ier for solder wegabiiitél. fri lAn eclectricalfl%/ c%ndufcti%/% solder material is
deposite& over célr?daucti\sié”?gy%rrﬁoinusir?g a e@éﬁ%rati%)rﬁ, slectro y%g pléjting, efectroless plating, ball
drop, or scteen pridting progessk Ee soldet materialrcarhke any metalordelectiicallysdondictive material,
e.g., Sn, Jc\li Au,SAgf,f%rBl, nd alloys thereof,switr%an op(t)ign%liflc%irga&erial. For egag&pge, tge solder

. race rme over a urrace ayers o
material car be eutectic sn/ %, ﬁllg -Ieacei, Y

using evaporation, electrolytic plating, electroless plating,
screen printing, PVD, or other suitable metal deposition
process. Signal traces 14 provide for electrical communication
between each of the semiconductor packages, mounted components,
and other external system components. Traces 14 also provide
power and ground connections to each of the semiconductor

packages.



or lead-free. The solder material is reflowed by heating the material above its melting point to form
spherical balls or bumps 104. In some applications, solder bumps 104 are reflowed a second time to
Improve electrical contact to conductive layer 102. Solder bumps 104 represent one type of vertical,
z-direction Interconnect structure that can be formed over conductive layer 102. Multiple rows of solder
bumps 104 Increase the z-direction Interconnect capacity. The Interconnect structure can also use bond

wires, conductive pillars" st BurfiB ARt Bk, of offfdtelectrieaiRterésinect. Pas tWaG. 3b shows
a no-flowgundestill materaldNEM) Hb5-deposited oves sarier 190; sonductivedayelsl G2 and around

solder bumps 104 using spin coating, dispensing, or lamination. NFM 105 can be an epoxy resin having a

high coefiEieNEBf-fhidtrhél X5arsta (EIET ahtthight s trhshtitn @fperaftife U8 paterts 62180,696
and 6794y 6d-destebe othersititable-ne-flopsunderfith material andarednecrpocaiedheseia by reference.
The volumf deposition.of NFM 105 is controlled to a thicknes%that covers a maLzé%ortion of solder
bumps 164 ahbexposey tHe tentainder ot the sdiderBunips. ¢ - FIGT3E, iconductor die 106
are mourdet oxemearriey 100 withi cantdciqrads HRK elestrically contacting €ondactiverdayer 102 using

solder, micro blum s,.0r other elactrlgaltlﬂgergcinne.ct. S%@hcondgg?{ die 106 aJrfe cgrp&r:%sl%d under force

into NFM 105, e .?Sgﬁajtﬂgrﬂa ec]i)mpressionebolrlséiirIfE:; or lﬁlﬁésonlc%o%%lng? 6 form & compression

bond to cewtertED. Sofdertmicra bunips aréBeflowed to electrically connect contact pads 107 to

conductive layer 102, %ilre %i eultaneogssl% flgj)i(injgﬁnd @(%Iggﬁgi%ati%ré \gfe ng ﬂoxév unden:jil%material 105.

. . r S ’ eS .. . .
Semiconductor die 106 each Inclide & substrate” with an active region contalnlnygpanalog or digital circuits
implemented s dctive ldavicesa passive devited iconductive bayersy and disledtvicdayers Iamned within
the die and glectrically integconnected acgording to the electrical 99?'%‘&?&@99‘&%%82“89'6- For
example, the circuit may include one or more transistors, diodes, and other circuit éfements formed within
its active seiFface td arplentertiamalcteircuits brbaseblad Higital Gircuits2 SudiPes Higital sigjmaPprocessor

(DSP), mematy -ar-other sigRal-progessigg circvit. Semicanductor die 496 may,alse contain. infegrated

passive devices (IPD), such as inductors, capacitors, and resistors, for radio frequency (RF) signal

processirig:. 1/ anotiet errtSodiftieht, la didéreté e8hponé&littan Bé metiied byver carier 190

electricagg/a ctedhiengonslyctive layen 102 -$gmiconductor die 10§ ,candigflinchipdype die,ar other

semiconductor die without bumps.
PCB 12. Depending upon the system requirements, 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 12. In some
embodiments, electronic device 10 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 lower costs for consumers.

FIG. 2a illustrates further detail of DIP 24 mounted

on PCB 12. DIP 24 includes semiconductor die 34 having contact
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In an alternate embodiment to the structure shown in FIGs. 3b and 3c, semiconductor die 108 are
mounted over carrier 100 with contact pads 109 electrically contacting conductive layer 102 using solder,
micro bumps, or other electrical interconnect, as shown in FIG. 3d. Semiconductor die 108 each include a
substrate with an active region containing analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed within the die and electrically

interconredfetl accordingrts the Slichital YeSigh ant Uhti6r of the?tib L E6r &RmBIR, the circuit may

include ope:of MMererdiansistorsy dindes; gnd pthericireuit elemeptsdarned avithin ks active surface to
implement analog circuits or baseband digital circuits, such as DSP, memory, or other signal processing

circuit. SERICORATCt? Uie 138 i) A1S6 TontiR TPB Fduch 48 ¥R tore "EhEcHoORS BhiiTesistors, for RF
signal pracessing. f ormed FlGt e shews arvercapsoiant 0 nroldingLompountktl(-depasited over
carrier 100, conductive layer 102, and around solder bumps 104 using a paste printing, compressive
molding, WARSTer FOIAGE Nadia SHEARETaht moking NACUGhT BinStan broAndy Suttibfe applicator.
Encapsulant 128 £an lbe, palymer tompositesnaterial] sdeh asepoxy resip withefillet sepoxy,acrylate with
filler, or p&yn%er WithQro er fillgr, haé/inagcsii i|£;lr pro eesrtljessca1s:é\lFM %nglﬂe volulrpr%gggosition of
encapsulanfD 0 Is controlled 16 ‘a thickness that 'exposes a?op bo?tlon of soﬁ&ercbumps 04. Alternatively,
a portionof eneapsuldntrit@iswenioveddiyar etchirg process te éxpdse Sdlder bomps di04. Encapsulant
110 is non-conductive and environmentally pratects. the semicondyctor device from external elements and
conaminea S B e N gt e s, Ao T e
3d-3e, NFRM1L105 (orapeapsatant 110)is ctred and Gaedenediin,FIGo Bfl Sémiconductet diee106 (or

Semico”@%’écfr,digé@giﬁé'desf’édce{@é%%gzo‘égﬁ%‘gtae%?"@o'\'%Nel%@éﬂ‘@a@éﬁ@h%]so)’ as shown in

FIG. 3f. NFM 105 (or encapsulant 110) eliminates the need for wafer level molding as found in the prior
art. The repraindernofithe dederptivh- relates e FIG.315 36 falticughthe o desstaity stilyéture shown in

FIGs. 3d:3e.areunderstood; .« i g, INJEIG: 0, A.grinder 112 remoyes apartion of NEM 105, solder

bumps 104, and a back surface of Semiconductor die 106 to create a planar surface. Alternatively, the
portion oPRE/MMES, stldétBumps 108Mase® batic §aifack 8f Sémicdntiactor gie 106 eas deTéRoved by

chemical giching nmeghanical peel-off, or CMR JInFIG, 3h. 2 tapside ibuild-up intareonnect strugture
as thermal epoxy. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
40 are connected to carrier 38 and wire bonds 42 are formed
between leads 40 and contact pads 36 of die 34 as a first level
packaging. Encapsulant 44 is deposited over the package for
environmental protection by preventing moisture and particles
from entering the package and contaminating die 34, contact pads
36, or wire bonds 42. DIP 24 is connected to PCB 12 by
inserting leads 40 into holes formed through PCB 12. Solder
material 46 is flowed around leads 40 and into the holes to
physically and electrically connect DIP 24 to PCB 12. Solder
material 46 can be any metal or electrically conductive
material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (Bi), and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic

Sn/Pb, high-lead, or lead-free.
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114 is formed over NFM 105, solder bumps 104, and semiconductor die 106. The build-up interconnect
structure 114 includes an insulating or passivation layer 116 containing one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum pentoxide (1a205), aluminum
oxide (Al203), or other material having similar insulating and structural properties. The insulating layers
116 are formed using PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation.
The topside build-up intéféonA&ct striittirea2SfuttheF fHeluddsEht dletiricalty condiictivetager 118
formed invinsutaging tayer ddbiusingiadasteraing and depasdiondreeess:. Conductive dayepl 18 is formed
using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal
depositioﬁﬁSc@é@%o%%gﬁvg IyeF 1186ah BE6HKE Bt ffore 1&7ers of Al TS M AL AG Br other
suitable electricalty eomductive ynatesak Anportiern©f insitatingilayer 1z isiresraueddayran etching
process t%)gezgose conductive Iayecr?f%cl& %ne ortion of (éonductive layer 118 electrically connects to
solder bumps 104 Gthe? portions st eonduictive [AYEF 118 caX Be dettically ommdor Slectrically
isolated depsfiding an the design-andsinctioamekthessemicenductosdeviceemi condndGr 3i, a
sacrificialdwgfeg-;orngl gfb%téasteaor cg(r:rier 1620ries fo[)meg: 8?1/%21 blrjlil.dﬁupérgltgﬁcgnnggt %{[ruc.t%(a 114. Carrier
120 contains dumnl1y or sacrificial base materiaf such as si icén,lp&ymer, poqymer cér%f)osi e, metal,
ceramic, glassy glass epoxyriserylidmesxidetavetheée suitabie lgve-costy eigitbmaterial or bulk
semiconductor material for structural suppart. An optional interface layer,can be formed between carrier
120 and builc -uS?ﬁt\éreco%%%%% sst’rucatar%(l-:- fpff %S (gtt]érlncpgflgr\{/eﬁ:osn w?d: |Ierr?o‘|97é%:c }sntop layer. In
FIG. 3j, casriercko0lamed optionial irtérfacel |ayet aee eerhoved: by chentical etchirg,tméchanical peel-off,
CMP, mechapical grinding, thermaLbake, laser scanping, or wet styipping. The assembly is ipyerted and a
bottom-side build-up interconnect structure 124 is formed over NFM 105 and conductive layer 102, as
shown inFIGE Bkt THe build-Tipuifteremeet siractird 124 snclidesan thsulting dmpasshvation layer 126
containing gne qr.mpte layets of 302, SI3NA, SION, 1a205,41203, o other materialihauing similar
insulating and structural properties. The insulating layers 126 are formed using PVD, CVD, printing, spin
coating, $pray TORENG SiFetiAg of thethfal hidatioAntact PFHE bbltom-SidB M dLUip-terconnect
structure d24further includes.anelectiically ganductive layer 128formed in insulafinglayers 126 using a
patterning and deposition process. Conductive layer 128 is formed using PVD, CVD, sputtering,
electrolytic! fiafifd, ‘Eléctrole 88 pREiG DréCess  ®r oiHer StitaBleShetat 8epositisH pradess Conductive

layer 128,can be oneprimeredayers of Al, €yrabdNbALAY, of pthersuitablegleetrically conductive
material. A portion of insulating layer 126 is removed by an etching process to expose conductive layer

128. One’gartioh df cORdGctieayersB Bibdiricaly ROAMECS to sBidef bifiPS*104: codutiiiayer 102,

and contactpadsel el semisonductordie1106: Qther porions £f copductivedayer 128 can be electrically
common or electrically isolated depending on the design and function of the semiconductor device.

The condifiefivE PREPS AR ifSfating 1Bef R BiiduB dterctnngtt Srictares PIAEART 194 Tan form one
or more IPDss £0I example; @kigsulating layed betveempwm canductivedayers cantdesa is
nmﬂaHnﬁ&&g%E?%ﬁ%(nggcgg%?ggh gg%6r die 47, wire bonds 54, contact pads

48, and contact pads 52 to provide physical support and

electrical isolation for the device. Contact pads 64 are formed

over a surface of PCB 12 using evaporation, electrolytic

plating, electroless plating, screen printing, PVD, or other

suitable metal deposition process and are typically plated to

prevent oxidation. Contact pads 64 electrically connect to one

or more conductive signal traces 14. Solder material is

deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
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conductive layers can be wound or coiled in plan-view to produce or exhibit properties of an inductor. A
resistive layer can also be formed within build-up interconnect structures 114 and 124 from TaxSiy or
other metal silicides, TaN, NiCr, TiN, or doped poly-silicon. The IPDs provide electrical
characteristics needed for high frequency applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant transformers, matching networks, and tunin
capacitoré"THE IPPECan BEGEEH AS fronfBHd Wiftfess RE contpbtients, Whibl t4A B ptsitioned
between thgjantennazand transceiver. The IPD inductor can be a hi-Q balun, transformer, or caoil,
operating up to 100 Gigahertz. In some applications, multiple baluns are formed over a same substrate,
allowing multi-band opgfht%ﬁglfoggkaﬁﬁﬁi‘él, RGO Pt Bhitns &re TsdtPiine Gad-Hahid 167 Mobile
phones of ©therglobal system for mobile {GCSh)costmueicatiens; eashdnlwrdedigateg.for adrequency
band of operation of theh%tggd-band de\ii e.A t)q)ical RF syste requires(gngltiele IPDs and other high
frequenc§ irdGitSin6ie 0F more S&Mmicondlittor packSgesto’ ?grfg’r%'ncﬁ{é nedes3ary electrical functions.
An electricalt egndudctiversolderematssiabis deposited ovet agnductivedayer 128yusing an evaporation,
electrolytic. prlgtin ,selecl%r{[rcilg%e lgéiggébal‘ladrtop, grggreeg Srintinglﬁpsroc%ssd Thecseo&[)der material can be
any metal or &lec rlcaﬁy%onﬁuc ve mafc’erla, e.a., n, Ni, u,’AS, b, Bi; anﬁ%ﬁoys thereof, with an
optional fiuxnrhateriare-dragxansple athe sblderematerial cary beeufecticcSniPbt high-lead, or lead-free. The
solder mateyigls [gflayed by feafipo the matetial aboye, ts,melling paiatpdorm spherigal pals or bumps
130. In some applications, solldeer umps 130 are re?lowe a second time to improve electn%al contact to
conductivelayer £28 rSoldér Bempsrl30frepresent ene type ofintercdrnedtistructure that ceavbe formed
over conguctive Jayer 128, The nterconnect structure gan also use, hand wires, 2:p intercopoects,
conductive paste, stud bump, micro bump, or other electrical interconnect. Semiconductor die
106 are sigulateerwith saw adeor isereaiting tavivet B3 X into #rdlividGdl isensieshdisctor devices 134,
as showninflG, 31y ¢ seflGodhows,semiconductorspackage 34 affersingylatign. Solder bumps

104 provide z-direction interconnect between topside interconnect build-up layer 114 and bottom-side

interconreteBGid-6p tdyeraizd. ThelRaitecibhvinfrEariiet is-formedtin b-ficw thaewitimaterial to

simplify the manufactyring processandsreduce costs- Copductivelayer, 118 elegtrigally,conngcts through
solder bumps 104 to conductive layers 102 and 128 and contact pads 107 of semiconductor die 106.
FIG. 5 show<'StacketdiBemitondtittor patRages’ £34 J58lBe PRGRPS 1 04T vide 2 girdctivhtiferconnect

between topsida intercopnect:byild=upilaysr 344 and hattomrsideointereennpect byild-sip layer 124.
Conductive layer 118 electrically connects through solder bumps 104 to conductive layers 102 and 128

and conti@Pads 107 6f SEhidBRGdctSr B 06 6feach$émitontlictor packiye Y34, Aur or

Ag, and are electrically connected to the circuit elements
formed in active region 70. Bump pads 80 are formed by PVD,
CVD, electrolytic plating, or electroless plating process.
Solder bumps 78 are electrically and mechanically connected to
contact pads or interconnect sites 82 on carrier 76 by a solder
reflow process.

BGA 20 is electrically and mechanically attached to
PCB 12 by a large number of individual conductive solder bumps
or balls 86. The solder bumps are formed over bump pads or
interconnect sites 84. The bump pads 84 are electrically
connected to interconnect sites 82 through conductive lines 90
routed through carrier 76. Contact pads 88 are formed over a

surface of PCB 12 using evaporation, electrolytic plating,
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In FIG. 6, a semiconductor die 140 is mounted to build-up interconnect structure 114. Solder bumps 142
electrically connect contact pads 144 of semiconductor die 140 to conductive layer 118. An underfill
material 146, such as an epoxy resin having proper rheological and insulating properties, is deposited
beneath semiconductor die 140 for stress relief and preventing contamination. Solder bumps 104 and
build-up interconnect structures 114 and 124 provide z-direction interconnect between semiconductor die

140 and SefRicohdbetdF die- 266 Fhe Efetfifdal BEmpbhefts vitiin semicditiictsrdié 23b%re routed
through centact pasisd<d: seldep bumpssl4and 104+ hyild-up intefcpaneat strugesaskl4 and 124, and

contact pads 107 to the electrical components of semiconductor die 106. While one or more
embodimehts 8 th8 bresémtihdstidnifiave Be s M5 ated in Yetal 15 Skili€d SRfsan wilt Appreciate that
modificatiosniscansg: agdaptations:to those emnhodimenis=may he-madeamyithosit departing from the scope of
the present Invention gs set forth, In {he fellawing claime. Flaims Whatls caimediys or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 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 18 to conduction tracks on PCB 12
in order to reduce signal propagation distance, lower
capacitance, and improve overall circuit performance. 1In
another embodiment, the semiconductor die 18 can be mechanically
and electrically attached directly to PCB 12 using flip chip
style first level packaging without carrier 76.
FIGs. 3a-31 illustrate a process of forming a vertical
(z-direction) interconnect structure for a fan-out wafer level
chip scale package (FO-WLCSP). 1In FIG. 3a, a sacrificial wafer-
form substrate or carrier 100 contains dummy 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. In one embodiment carrier 100 is 20.3
centimeters (cm) in diameter. An optional interface layer can
be formed over carrier 100 as a temporary bonding film or etch-
stop layer.
A conductive layer 102 is formed in individual
portions or sections over a top surface of carrier 100 using a

deposition and patterning process. Conductive layer 102 is

formed using PVD, CVD, sputtering, electrolytic plating,
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1. A method of making a semiconductor device, comprising: providing a first sacrificial carrier;

electroless plating process, or other suitable metal deposition
process. Conductive layer 102 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. The individual portions of conductive layer 102 can
be electrically common or electrically isolated depending on the
design and function of the semiconductor die. Some portions of
conductive layer 102 operate as an under bump metallization
layer (UBM) or bump pad for later-formed solder bumps. UBM 102
can be a multi-metal stack with adhesion layer, barrier layer,
and seed or wetting layer. The adhesion layer is formed over
carrier 100 or interface layer and can be Ti, titanium nitride
(TiN), titanium tungsten (TiW), Al, or chromium (Cr). The
barrier layer is formed over the adhesion layer and can be made

of Ni, nickel vanadium (NiV), platinum (Pt), palladium (Pd),

TiW, or chromium copper (CrCu). The barrier layer inhibits the
diffusion of Cu into the active area of the die. The seed layer
can be Cu, Ni, NiV, Au, or Al. The seed layer is formed over

the barrier layer and acts as an intermediate conductive layer
for the subsequent solder bumps or other interconnect structure.
In one embodiment, UBM 102 contains multiple layers of
selectively plated Ni/Au, Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their
combination. UBM 102 provides a low resistive interconnect, as
well as a barrier to solder diffusion and seed layer for solder
wettability.

An electrically conductive solder material is
deposited over conductive layer 102 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For

example, the solder material can be eutectic Sn/Pb, high-lead,
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forming a first conductive layer over the first sacrificial carrier;

or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 104. 1In some applications, solder bumps 104 are reflowed
a second time to improve electrical contact to conductive layer
102. Solder bumps 104 represent one type of vertical, z-
direction interconnect structure that can be formed over
conductive layer 102. Multiple rows of solder bumps 104
increase the z-direction interconnect capacity. The
interconnect structure can also use bond wires, conductive
pillars, stud bump, micro bump, or other electrical
interconnect.

FIG. 3b shows a no-flow underfill material (NFM) 105
deposited over carrier 100, conductive layer 102, and around
solder bumps 104 using spin coating, dispensing, or lamination.
NFM 105 can be an epoxy resin having a high coefficient of
thermal expansion (CTE) and high glass transition temperature.
US patents 6,180,696 and 6794761 describe other suitable no-flow
underfill material and are incorporated herein by reference.
The volume deposition of NFM 105 is controlled to a thickness
that covers a major portion of solder bumps 104 and exposes the
remainder of the solder bumps.

In FIG. 3¢, semiconductor die 106 are mounted over
carrier 100 with contact pads 107 electrically contacting
conductive layer 102 using solder, micro bumps, or other
electrical interconnect. Semiconductor die 106 are compressed
under force into NFM 105, e.g., using thermal compression
bonding or ultrasonic bonding, to form a compression bond to
carrier 100. Solder micro bumps are reflowed to electrically
connect contact pads 107 to conductive layer 102, while
simultaneously fluxing and polymerization of no flow underfill

material 105. Semiconductor die 106 each include a substrate
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forming a first solder bump over the first conductive Layer; depositing a no-flow underfill material over
the first sacrificial carrier, first conductive layer, and first solder bump; compressing a first
semiconductor die or component into the no-flow underfill material to electrically contact the first
conductive layer, planarizing a first surface of the no-flow underfill material and first solder bump;

with an active region 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 its active surface to implement analog circuits or
baseband digital circuits, such as digital signal processor
(DSP), memory, or other signal processing circuit.
Semiconductor die 106 may also contain integrated passive
devices (IPD), such as inductors, capacitors, and resistors, for
radio frequency (RF) signal processing. In another embodiment,
a discrete component can be mounted over carrier 100 and
electrically connected to conductive layer 102. Semiconductor
die 106 can be flipchip-type die or other semiconductor die
without bumps.

In an alternate embodiment to the structure shown in
FIGs. 3b and 3¢, semiconductor die 108 are mounted over carrier
100 with contact pads 109 electrically contacting conductive
layer 102 using solder, micro bumps, or other electrical
interconnect, as shown in FIG. 3d. Semiconductor die 108 each
include a substrate with an active region 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 its active surface to implement analog
circuits or baseband digital circuits, such as DSP, memory, Or
other signal processing circuit. Semiconductor die 108 may also

contain IPD, such as inductors, capacitors, and resistors, for
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forming a first interconnect structure over the first surface of the no-flow underfill material, the first
interconnect structure being electrically connected to the first solder bump; mounting a second
sacrificial carrier over the first interconnect structure; removing the first sacrificial carrier; forming a
second interconnect structure over a second surface of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being electrically connected to the first solder
bump, firSEinter8iedt stGEPe ed first semiconductor die or component; and removing the second

sacrificial carrier. 2. The methed efielaim dn whereip famaing the fikgt 0 segoRd Mperceaneciostructure
InClUdeS:deposited over carrier 100, conductive layer 102, and around

solder bumps 104 using a paste printing, compressive molding,
transfer molding, ligquid encapsulant molding, vacuum lamination,
or other suitable applicator. Encapsulant 110 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler, having
similar properties as NFM 105. The volume deposition of
encapsulant 110 is controlled to a thickness that exposes a top
portion of solder bumps 104. Alternatively, a portion of
encapsulant 110 is removed by an etching process to expose
solder bumps 104. FEncapsulant 110 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

After the process described in FIGs. 3b-3c or the
process described in FIGs. 3d-3e, NFM 105 (or encapsulant 110)
is cured and hardened in FIG. 3f. Semiconductor die 106 (or
semiconductor die 108) and solder bumps 104 extend above NFM 105
(or encapsulant 110), as shown in FIG. 3f. NFM 105 (or
encapsulant 110) eliminates the need for wafer level molding as
found in the prior art. The remainder of the description
relates to FIGs. 3b-3c, although the process and structure shown
in FIGs. 3d-3e are understood.

In FIG. 39, a grinder 112 removes a portion of NFM
105, solder bumps 104, and a back surface of semiconductor die
106 to create a planar surface. Alternatively, the portion of
NFM 105, solder bumps 104, and back surface of semiconductor die
106 can be removed by chemical etching, mechanical peel-off, or
CMP.

In FIG. 3h, a topside build-up interconnect structure
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planarizing the second surface of the no-flow underfill material; forming a first insulating layer over the
no-flow underfill material; forming a second conductive layer over the first insulating Layer, the second
conductive layer being electrically connected to the first solder bump; and forming a second solder
bump over the second conductive Layer. 3. The method of claim 1, wherein the first or second
interconnect structure includes an int%zrated passive device. 4. The method of claim 1, further including:

stacking & lurafity TEeRRcONGICOF Hevides; ard! 4o eldttrelly ' dhnettify BREEmRORAGEDr devices
through the dirstand segondyatereonnect struetures and fiest solderbempL4 includes an

insulating or passivation layer 116 containing one or more
layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum
oxide (A1l203), or other material having similar insulating and
structural properties. The insulating layers 116 are formed
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation.

The topside build-up interconnect structure 114
further includes an electrically conductive layer 118 formed in
insulating layer 116 using a patterning and deposition process.
Conductive layer 118 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 118 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. A portion of insulating layer
116 is removed by an etching process to expose conductive layer
118. One portion of conductive layer 118 electrically connects
to solder bumps 104. Other portions of conductive layer 118 can
be electrically common or electrically isolated depending on the
design and function of the semiconductor device.

In FIG. 3i, a sacrificial wafer-form substrate or
carrier 120 is formed over build-up interconnect structure 114.
Carrier 120 contains dummy 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.
An optional interface layer can be formed between carrier 120
and build-up interconnect structure 114 as a temporary bonding

film or etch-stop layer.
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5. The method of claim 1, further including: mounting a second semiconductor die over the first
interconnect structure; and electrically connecting the second semiconductor die to the first
semiconductor die or component through the first and second interconnect structures and first solder
bump. 6. A method of making a semiconductor device, comprising: providing a first carrier; forming a
z-direction interconnect structure over the first carrier; depositing a_no-flow underfill material over the

first carrier and z-directidn int&rconnectatfictsre: 1 00compredRinga fitst SRhfiEdmRtdrHE or
componegt inte dhe pedloy undertii matedalching, mechanical peel-off, CMP,

mechanical grinding, thermal bake, laser scanning, or wet
stripping. The assembly is inverted and a bottom-side build-up
interconnect structure 124 is formed over NFM 105 and conductive
layer 102, as shown in FIG. 3k. The build-up interconnect
structure 124 includes an insulating or passivation layer 126
containing one or more layers of Si02, Si3N4, SiON, Taz05,
Al1203, or other material having similar insulating and
structural properties. The insulating layers 126 are formed
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation.

The bottom-side build-up interconnect structure 124
further includes an electrically conductive layer 128 formed in
insulating layers 126 using a patterning and deposition process.
Conductive layer 128 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 128 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. A portion of insulating layer
126 is removed by an etching process to expose conductive layer
128. One portion of conductive layer 128 electrically connects
to solder bumps 104, conductive layer 102, and contact pads 107
of semiconductor die 106. Other portions of conductive layer
128 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device.

The conductive layers and insulating layers in build-
up interconnect structures 114 and 124 can form one or more
IPDs. For example, an insulating layer between two conductive

layers can be a metal-insulator-metal (MIM) capacitor. Other
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planarizing a first surface of the no-flow underfill material and z-direction interconnect structure ; and
forming a first interconnect structure over the first surface of the no-flow underfill material, the first
interconnect structure being electrically connected to the z-direction interconnect structure. 7. The method
of claim 6, further including: mounting a second carrier over the first interconnect structure; removing
the first carrier;  forming a second interconnect structure over a second surface of the no-flow underfill

material 6pPOSHethE Sirstdntercoriaet Sfuttire'thesetond fiftercdnhéerstiictire eiRg efbetifcally
connectegtodhe zrdirection datercannest stiucture) andgemoving-theisacond caskerr & akhe method of

claim 6, wherein forming the first interconnect structure includes:
also be formed within build-up interconnect structures 114 and
124 from TaxSiy or other metal silicides, TaN, NiCr, TiN, or
doped poly-silicon.

The IPDs provide electrical characteristics needed for
high frequency applications, such as resonators, high-pass
filters, low-pass filters, band-pass filters, symmetric Hi-Q
resonant transformers, matching networks, and tuning capacitors.
The IPDs can be used as front-end wireless RF components, which
can be positioned between the antenna and transceiver. The IPD
inductor can be a hi-Q balun, transformer, or coil, operating up
to 100 Gigahertz. 1In some applications, multiple baluns are
formed over a same substrate, allowing multi-band operation.

For example, two or more baluns are used in a quad-band for
mobile phones or other global system for mobile (GSM)
communications, each balun dedicated for a frequency band of
operation of the guad-band device. A typical RF system requires
multiple IPDs and other high frequency circuits in one or more
semiconductor packages to perform the necessary electrical
functions.

An electrically conductive solder material is
deposited over conductive layer 128 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or

bumps 130. In some applications, solder bumps 130 are reflowed
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forming a first insulating layer over the no-flow underfill material; and forming a second conductive
layer over the first insulating Layer, the second conductive layer being electrically connected to the
z-direction interconnect structure. 9. The method of claim 6, wherein the first interconnect structure
includes an integrated passive device. 10. The method of claim 6, further including: stacking a plurality
of semiconductor devices; and electrically connecting the semiconductor devices through the z-direction

interconrfecESracttre: 11E. Fife AMERGY 6f Samt 67 furfher FCHidiRG: T° MBGAtaSecdAd ST
semiconduyctar dig ©vee thesfirsh interconneghstrichiresadd t ype of interconnect

structure that can be formed over conductive layer 128. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

Semiconductor die 106 are singulated with saw blade or
laser cutting device 132 into individual semiconductor devices
134, as shown in FIG. 31.

FIG. 4 shows semiconductor package 134 after
singulation. Solder bumps 104 provide z-direction interconnect
between topside interconnect build-up layer 114 and bottom-side
interconnect build-up layer 124. The z-direction interconnect
is formed in no-flow underfill material to simplify the
manufacturing process and reduce costs. Conductive layer 118
electrically connects through solder bumps 104 to conductive
layers 102 and 128 and contact pads 107 of semiconductor die
106.

FIG. 5 shows stacked semiconductor packages 134.
Solder bumps 104 provide z-direction interconnect between
topside interconnect build-up layer 114 and bottom-side
interconnect build-up layer 124. Conductive layer 118
electrically connects through solder bumps 104 to conductive
layers 102 and 128 and contact pads 107 of semiconductor die 106
of each semiconductor package 134.

In FIG. 6, a semiconductor die 140 is mounted to
build-up interconnect structure 114. Solder bumps 142
electrically connect contact pads 144 of semiconductor die 140
to conductive layer 118. An underfill material 146, such as an
epoxy resin having proper rheological and insulating properties,

is deposited beneath semiconductor die 140 for stress relief and
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electrically connecting the second semiconductor die to the first semiconductor die or component through
the z-direction interconnect structure. 12. A method of making a semiconductor device, comprising:
providing a first carrier; forming a z-direction interconnect structure over the first carrier, wherein the
z-direction interconnect structure includes a solder bump ; depositing a no-flow underfill material over
the first carrier and z-direction interconnect structure; compressing a first semiconductor die or

component ft6 e RE-flow GAderfift M&tBrial; aRd ST fGTHRRG afitst intfcbineet stticture over the first
surface of the: nedloMeunderfil matgralsthelfirstngd 124 provide z-direction

interconnect between semiconductor die 140 and semiconductor die
106. The electrical components within semiconductor die 140 are
routed through contact pads 144, solder bumps 142 and 104,
build-up interconnect structures 114 and 124, and contact pads
107 to the electrical components of semiconductor die 106.

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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interconnect structure being electrically connected to the z-direction interconnect structure. 13. A method
of making a semiconductor device, comprising: providing a first carrier; forming a z-direction
interconnect structure over the first carrier; depositing an encapsulant over the first carrier and
z-direction interconnect structure; compressing a first semiconductor die or component into the
encapsulant; planarizing a first surface of the encapsulant and z-direction interconnect structure;

forming a first interconnect structure over the firs fd82 of the encapsulant, the first interconnect
structure being electrically connected to the z-direction interconnect structure. 14. The method of claim

13, wherein the encapsulant includes a no-flow underfill material.
What is claimed:

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

providing a first sacrificial carrier;

forming a first conductive layer over the first sacrificial
carrier;

forming a first solder bump over the first conductive
layer;

depositing a no-flow underfill material over the first
sacrificial carrier, first conductive layer, and first solder
bump;

compressing a first semiconductor die or component into the
no-flow underfill material to electrically contact the first
conductive layer;

planarizing a first surface of the no-flow underfill
material and first solder bump;

forming a first interconnect structure over the first
surface of the no-flow underfill material, the first
interconnect structure being electrically connected to the first
solder bump;

mounting a second sacrificial carrier over the first
interconnect structure;

removing the first sacrificial carrier;

forming a second interconnect structure over a second
surface of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being
electrically connected to the first solder bump, first
interconnect structure, and first semiconductor die or

component; and
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15. The method of claim 13, further including forming a second interconnect structure over a second
surface of the encapsulant opposite the first interconnect structure, the second interconnect structure
being electrically connected to the z-direction interconnect structure. 16. The method of claim 13,
wherein the z-direction interconnect structure includes a bump. 17.A method of making a semiconductor
device, comprising: providingga first carrier; forming a z-direction interconnect structure over the first

carrier;  depdsitiity an @ntafsASACOVEr IRE First tarder drftfZ-dfiEction interconnect structure;

compressing a first semiconductor die or component into the encapsulant;

2. The method of claim 1, wherein forming the first or second
interconnect structure includes:

planarizing the second surface of the no-flow underfill
material;

forming a first insulating layer over the no-flow underfill
material;

forming a second conductive layer over the first insulating
layer, the second conductive layer being electrically connected
to the first solder bump; and

forming a second solder bump over the second conductive

layer.

3. The method of claim 1, wherein the first or second

interconnect structure includes an integrated passive device.

4. The method of claim 1, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through
the first and second interconnect structures and first solder

bump.

5. The method of claim 1, further including:

mounting a second semiconductor die over the first
interconnect structure; and

electrically connecting the second semiconductor die to the
first semiconductor die or component through the first and

second interconnect structures and first solder bump.
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forming a first interconnect structure over a first surface of the encapsulant, the first interconnect structure
being electrically connected to the z-direction interconnect structure; mounting a second carrier over
the first interconnect structure; removing the first carrier; forming a second interconnect structure over
a second surface of the encapsulant opposite the first interconnect structure, the second interconnect

structure being electrically connected to the z-direction interconnect structure; and removing the second
carrier. 18. The’mBfHodCSt Adind #7 WHereirr fHE firSPtETcBANEG St ure FRBIGdES Af integrated
passive device.pk9vEhe methodeet-¢laink d £ -fugther including:  stacking a plurality of semiconductor

devices; and electrically connecting the semiconductor devices through the z-direction interconnect
forming a z-direction interconnect strulCture over the first
structure.
carrier;
depositing a no-flow underfill material over the first
carrier and z-direction interconnect structure;
compressing a first semiconductor die or component into the
no—-flow underfill material;
planarizing a first surface of the no-flow underfill
material and z-direction interconnect structure ; and
forming a first interconnect structure over the first
surface of the no-flow underfill material, the first

interconnect structure being electrically connected to the z-

direction interconnect structure.

7. The method of claim 6, further including:

mounting a second carrier over the first interconnect
structure;

removing the first carrier;

forming a second interconnect structure over a second
surface of the no-flow underfill material opposite the first
interconnect structure, the second interconnect structure being
electrically connected to the z-direction interconnect
structure; and

removing the second carrier.

8. The method of claim 6, wherein forming the first
interconnect structure includes:
forming a first insulating layer over the no-flow underfill

material; and
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20. The method of claim 17, further including planarizing the first surface of the encapsulant and
z-direction interconnect structure. 21. The method of claim 17, wherein the z-direction interconnect
structure includes a bump. 22. A method of making a semiconductor device, comprising: providing a first
carrier,; forming a z-direction interconnect structure over the first carrier, wherein the z-direction
interconnect structure includes a solder bump; depositing an encapsulant over the first carrier and

z-direction interéSHTER Str@cEifre:Ond cOMFESSAY 2 fird SémitoREUDR die'rdompsiertt intddhe

encapsulaptiand nhdorsripgafirsbintereennect sifusturg Ovey adirstsuriacgiof the ehgapswant, the first

interconnect structure being electrically connected to the z-direction interconnect structure.
to the z-direCtion interconnect structure.

9. The method of claim 6, wherein the first interconnect

structure includes an integrated passive device.

10. The method of claim 6, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through

the z-direction interconnect structure.

11. The method of claim 6, further including:

mounting a second semiconductor die over the first
interconnect structure; and

electrically connecting the second semiconductor die to the
first semiconductor die or component through the z-direction

interconnect structure.

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

providing a first carrier;

forming a z-direction interconnect structure over the first
carrier, wherein the z-direction interconnect structure includes
a solder bump ;

depositing a no-flow underfill material over the first
carrier and z-direction interconnect structure;

compressing a first semiconductor die or component into the
no—flow underfill material; and

forming a first interconnect structure over the first

surface of the no-flow underfill material, the first
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23. The method of claim 22, wherein the encapsulant includes a no-flow underfill material. 24. The
method of claim 22, further including planarizing the first surface of the encapsulant and z-direction
interconnect structure. 25. The method of claim 22, further including forming a second interconnect
structure over a second side of the encapsulant opposite the first interconnect structure, the second
interconnect structure being electrically connected to the z-direction interconnect structure. 26. The

method of el 2 Mitrdremtthe FirstifiterEonitect SFGEME chideLan iftéGratdd passivé device. 27. A
method of making arsemicerduciardeviee, Gamprising: providing a first carrier; forming a z-direction

interconnect structure over the first carrier; depositing an encapsulant over the first carrier and around
the z-direction interconnect structure such that an upper surface of the z-direction interconnect structure
isexposei. A method of making a semiconductor device, comprising:

providing a first carrier;

forming a z-direction interconnect structure over the first
carrier;

depositing an encapsulant over the first carrier and z-
direction interconnect structure;

compressing a first semiconductor die or component into the
encapsulant;
planarizing a first surface of the encapsulant and z-direction
interconnect structure;

forming a first interconnect structure over the first
surface of the encapsulant, the first interconnect structure
being electrically connected to the z-direction interconnect

structure.

14. The method of claim 13, wherein the encapsulant includes a

no—-flow underfill material.

15. The method of claim 13, further including forming a second
interconnect structure over a second surface of the encapsulant
opposite the first interconnect structure, the second
interconnect structure being electrically connected to the z-

direction interconnect structure.

16. The method of claim 13, wherein the z-direction

interconnect structure includes a bump.

17. A method of making a semiconductor device, comprising:
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embedding a first semiconductor die or component in the encapsulant such that an upper surface of the
semiconductor die is disposed above the encapsulant; and forming a first interconnect structure over
a first surface of the encapsulant, the first interconnect structure being electrically connected to the
z-direction interconnect structure. 28. The method of claim 27, wherein the encapsulant includes a
no-flow underfill material. 29. The method of claim 27, further including planarizing a surface of the
encapsulant an®ZHiretiBA irtefconhkctstidctire’ 30. The method of claim 27, further including forming

a second intercennect strusture @veea seeend siderefthe escapsulant-opposiedhe first interconnect
structure, the second interconnect structure being electrically connected to the z-direction interconnect
structure " 31" Thé ‘method of claim 27, wherein the z-direction interconnect structure includes a bump.

depositing an encapsulant over the first carrier and z-
direction interconnect structure;

compressing a first semiconductor die or component into the
encapsulant;

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure being
electrically connected to the z-direction interconnect
structure;

mounting a second carrier over the first interconnect
structure;

removing the first carrier;

forming a second interconnect structure over a second
surface of the encapsulant opposite the first interconnect
structure, the second interconnect structure being electrically
connected to the z-direction interconnect structure; and

removing the second carrier.

18. The method of claim 17, wherein the first interconnect

structure includes an integrated passive device.

19. The method of claim 17, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through

the z-direction interconnect structure.
20. The method of claim 17, further including planarizing the
first surface of the encapsulant and z-direction interconnect

structure.
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21. The method of claim 17, wherein the z-direction

interconnect structure includes a bump.

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

providing a first carrier;

forming a z-direction interconnect structure over the first
carrier, wherein the z-direction interconnect structure includes
a solder bump;

depositing an encapsulant over the first carrier and z-
direction interconnect structure;

compressing a first semiconductor die or component into the
encapsulant; and

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure being
electrically connected to the z-direction interconnect

structure.

23. The method of claim 22, wherein the encapsulant includes a

no—-flow underfill material.

24. The method of claim 22, further including planarizing the
first surface of the encapsulant and z-direction interconnect

structure.

25. The method of claim 22, further including forming a second
interconnect structure over a second side of the encapsulant
opposite the first interconnect structure, the second
interconnect structure being electrically connected to the z-

direction interconnect structure.
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26. The method of claim 22, wherein the first interconnect

structure includes an integrated passive device.

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

providing a first carrier;

forming a z-direction interconnect structure over the first
carrier;

depositing an encapsulant over the first carrier and around
the z-direction interconnect structure such that an upper
surface of the z-direction interconnect structure is exposed;

embedding a first semiconductor die or component in the
encapsulant such that an upper surface of the semiconductor die
is disposed above the encapsulant; and

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure being
electrically connected to the z-direction interconnect

structure.

28. The method of claim 27, wherein the encapsulant includes a

no—-flow underfill material.

29. The method of claim 27, further including planarizing a
surface of the encapsulant and z-direction interconnect

structure.

30. The method of claim 27, further including forming a second
interconnect structure over a second side of the encapsulant
opposite the first interconnect structure, the second
interconnect structure being electrically connected to the z-

direction interconnect structure.
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31. The method of claim 27, wherein the z-direction
interconnect structure includes a bump.
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