SEMICONDUCTOR DEVICE AND METHOD OF FORMING DAM MATERIAL AROUND PERIPHERY OF
DIE TO REDUCE WARPAGE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming dam
material around a periphery of a semiconductor die to reduce warpage. Background of the Invention
Semiconductor devices are commonly found in modern electronic products. Semiconductor devices vary
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capacitor, inductor, and power metal oxide semiconductor fiel ect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical components. Examples of
integrated semiconductor devices inclyde micrggopiallers JnigrgRigcessors, 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 eleqtﬂ%niggggi&q@, transforming sunlight.to e;!gct&igil% angd grgating visual projections

for television displays. Semiconductor devices are found in the fieldS of entertainment,
semiconductor devices and, more particularly, to a semiconductor
device and method of forming dam material around a periphery of

a semiconductor die to reduce warpage.
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

impurities into the semiconductor material to manigulate agd coPtroI the conductivity ofdthe semiconductor
S10n ne reKs an

. communlication ower. conver o computer .
device. IA semlconalﬁcf%r ‘ﬁewce con?alns active anéiJ passn’/e e?ec?rlca? s?rUctures. Active

structuresaneluding lripoldn and field effectdransistorns, dentroldhe dlow eflelectficaincurient. By varying

levels of doping.an applieation efan eleqyia fiedor base gurient.the ransistargfther promotes or
restricts the flow of electrical current. Passive structures, including resistors, capacitors, and inductors,
create a retationshiEbetwesndvoitafeadeciniemaretessary to perform a variety of electrical functions.

The passive and activessityciyres are glegiucally connected fo form clruits, which enable the

semiconductor device to perform high-speed calculations and other useful functions.
SemiconBUcBE HEViIEEs afe §enerally dnaritfactipddetsing Iwo confplex mahtifactutiied proscesses, i.e.,

front-endmanuiagtring, and back-end manufacturing, each invplving paientally hyundreds af steps.

Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. EtHdiEyd flpichlidénticaf BRd tontahs citduitTomed by dledtii€aify conrieetifig active and

passive compenants, Bagk-endmanuacturing nvolyessingulating individual die from,thedfinished wafer
and packaging the die to provide structural support and environmental isolation.

impurities into the semiconductor material to manipulate and

control the conductivity of the semiconductor device.

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

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

contains circuits formed by electrically connecting active and



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 resulting in die
with smaller, higher density active and passive components. Back-end processes may result in
semiconductor.device Ba%%aeqotﬁsswith g smaller footprint %ycicn&p%ror\l/emlerq\tfso?velgctgi(l:al interconnection and
packagin]a matenals. *'° 1ﬁe'electrlcal inFerconnecﬁon in & fan-out wafer lavél crh?p scale p%ckage
(FO-WLCsP) cantamingisemitonduttoe dévices istatked orrmaitiple kevietsscarobé aecomelistred with
conductivert \;g%%h giJCi%% 1\:/ilzlalrs aqSVQl throl hag le evI'@]sl QE)I—I%)é or QU-QIgéqda%g%%uctive pillars. Vias are
formed it sificon or organic material around the die using laser gﬁﬁng or deep reactive ion etching
(DRIE). The vias are filfecwith €bndctivanrateribl fop example by topperadepositivrousing an
electroplating process, o o the gondyctiveSVs and THYS. The ISVs apd JHY fuither connect
through build-up interconnect structures which are formed across each semiconductor die. An
encapsulaatisidepobitéd overthe stheked sémivondoetof dignance, gompiorfilarcidsge for the
FO-WLCSP s warpage Whep the sgmicenductor dig s, mounted to;a temperasy. cauiey far.encapsulation,

a mismatch between the coefiicient of thermal expansion (CIE) of the encapsulant and temporary carrier

induces Stre&s thafean’ feall tWwarBage tin atHitidh, aftef e FOMNVECEPTs $61tddEa Misatch between

the CIE qof the;gpeapsulantanc uild-up interconnggt strcturenndyess siiessdbat canleadsto;warpage,
e.g., during temperature cycling or extreme temperature testing. Device failure due to warpage should be
avoided |EASTHhinfRfzedr pafictlary i the fifalstage Bf the-mantifactifing Progess when the defect

is most casthys UMEaFy otthedaveniion ve compdieadexists ia reducewainageds asFQWLCSP
during the manufacturing process. Accordingly, in one embodiment, the present invention is a method of
making a*$etitbndictd Pl vie8 CBmprsirthe e ps ol proviling Eﬁeﬁmﬁ%%%ﬂieﬁ%ﬁﬁgl at
designated, areaofos aditshsemicondueter die; glepositing danhmaterial anthedempasanyarrier around
the designated area for a first semiconductor die, mounting the first semiconductor die with its active
surface dfiehfdd fo'the designated area on the temporary carrier, and depositing an encapsulant over the
first semiconductor dieland temporatyedrrien tihecdamdnatesal isrselected tohaverafelE corresponding
to a CIE of the_encapsulant. The method further includes the steps of removing the temporary carrier to
expose a?I'ler‘sffe %‘ld%%?%]esgﬁééep&?acn Hhd écﬁ@é@#%cé of the first %8%5’0%%%%}%1& and forming a first
interconnget strecture: averdtie dinstiside opthe ercapsslandn be adoaneiherrembedintent, the present
invention is a method of making.a semiconductor devi mprising the steps of providj carrier
having a%%g%%%ttceldvgre%(r)ggﬁlstssl(?rﬁ"lggrrlldch]tgfs’ co(r?w%grgént, hé%&rhnzq%%% r‘ﬁ%l?esriaf%%at%é carrier

or Cu-plated conductive pillars. Vias are formed in silicon or

organic material around the die using laser drilling or deep
reactive ion etching (DRIE). The vias are filled with
conductive material, for example by copper deposition using an
electroplating process, to form the conductive TSVs and THVs.
The TSVs and THVs further connect through build-up interconnect
structures which are formed across each semiconductor die. An
encapsulant is deposited over the stacked semiconductor die.

A common failure issue for the FO-WLCSP is warpage.
When the semiconductor die is mounted to a temporary carrier for
encapsulation, a mismatch between the coefficient of thermal

expansion (CTE) of the encapsulant and temporary carrier induces



around the designated area for a first semiconductor component, mounting the first semiconductor
component to the designated area on the carrier, depositing an encapsulant over the first semiconductor
component and temporary carrier, removing the carrier, and forming a first interconnect structure over the
encapsulant. In another embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a first semiconductor component, depositing dam

material around a periphery of the first semiconductor component, .and depgsiting an epcapsulant over
the first sSanrlgoSnSdL?c%g&cocn%goéeen%%r%g dam material isf)rslelgéjt(gﬁ%té%%ﬁleag%?é gt);%rgsgc()énding to a CIE of

the encapsulanmt. Themethed furheriisckides the stepeof formingld first intercoaneetcstructure over the

encapsulgnl . 11q.0,anelMeLemhodiment she present inveniion is 8 semicgpdyctar devige, gomprising
a first semiconductor component and dam materia deposited around a periphery of the first
semiconducterecuapenertt .- An endapsulant sndeposited over thelfirst semicohdatter component. The

dam materialjs selected to have a CIE corresponding fo a GIE of the encapsulant A firstnterconnect

structure Is formed over the encapsulant. Brief Description of the Drawings ~ FIG. 1illustrates a
PCB withediffe e tyieseof pevkagesd mvuniéd to itPsuifacalar YGst24-2¢ ilfustrate fUreEs detail of the

represeniative,semiconductern,packagss maunted ta the BCB; HGs  3a-3e,illustrate agrocess of forming

dam material around a periphery of'a semiconductor die to reduce warpage in the FO LCSP;

Summary of the Invention

A need exists to reduce warpage in a FO-WLCSP during
the manufacturing process. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of providing a temporary carrier having a
designated area for a first semiconductor die, depositing dam
material on the temporary carrier around the designated area for
a first semiconductor die, mounting the first semiconductor die
with its active surface oriented to the designated area on the
temporary carrier, and depositing an encapsulant over the first
semiconductor die and temporary carrier. The dam material is
selected to have a CTE corresponding to a CTE of the
encapsulant. The method further includes the steps of removing
the temporary carrier to expose a first side of the encapsulant
and active surface of the first semiconductor die, and forming a
first interconnect structure over the first side of the
encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier having a designated area for a first

semiconductor component, depositing dam material on the carrier



FIG. 4 illustrates the FO-WLCSP mounted to a PCB with dam material formed around a periphery of the

semiconductor die; FIG. 5 illustrates an EMI shielding layer formed around the semiconductor die;
FIG. 6 illustrates the semiconductor die supported by the dam material to prevent collapse of the
interconnect bump; FIG. 7 illustrates the dam material extending up to a top surface of the
encapsulant; FIG. 8 illustrates a TIM and heat sink formed over the semiconductor die; and

FIG. 9 illustrates.a s}(?migonductor die and top§ide builg-.urp interconnectétructure formed Qver the
aro%yq %(f eslignate aE§a Oor a rfirst semilconductor component,
encapsulant. Detaile Descnﬁlon of the Drawings

mounting the first semiconductor component to the designated
area on the carrier, depositing an encapsulant over the first
semiconductor component and temporary carrier, removing the
carrier, and forming a first interconnect structure over the
encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor component, depositing dam
material around a periphery of the first semiconductor
component, and depositing an encapsulant over the first
semiconductor component. The dam material is selected to have a
CTE corresponding to a CTE of the encapsulant. The method
further includes the step of forming a first interconnect
structure over the encapsulant.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor component
and dam material deposited around a periphery of the first
semiconductor component. An encapsulant is deposited over the
first semiconductor component. The dam material is selected to
have a CTE corresponding to a CTE of the encapsulant. A first

interconnect structure is formed over the encapsulant.
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-3e illustrate a process of forming dam



The present invention is described in one or more embodiments in the following description with reference
to the figures, in which like numerals represent the same or similar elements. While the invention is
described in terms of the best mode for achieving the invention's objectives, it will be appreciated by
those skilled in the art that it is intended to cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined by the appended claims and their
equivalents as supported by the fallowing disclosure and drauings, . 4 Semicondyclor devices are
generally manufactured using twc}jcomB ex rﬁanufacturing processes: Frontl-en(lj: manutfacturing and
back-endmapafaeturing: Feomtcent. A@inufacturing involves the formation of a plurality of die on the
surface of a semicondygtar wafer, Fach die an t %\éva%%_%%eglgs r%lgﬁ\ﬁetggd @gsgivgg}gec“'grii%%
components, which are e ei:tricahy connected to form functional electrical circuits. Active electrical
componems) sueheasitednsistors=and: divdes, havesthecdlsility to Cohtrel thenflovwp ofleglettricatidurrent.
Passive electrical compgnents, such as ¢apacitors, indyctars; é‘iﬂ%ﬁ?&s’ ﬁ%g&ar}s&%ec{s, create a
relationship between voltage and current necessary to perform electrical circuit functions. Passive
and activercomsoridits arsformiedsvie? thelsgrface of the semiconductor wafer by a series of process
steps including dopinggdeposition, photqlithography, efehingand planarization, Roping dnfraguces

impurities into the semiconductor material by techniques such as ion implantation or thermal diffusion.
The dopifi§ précassTbaifies the eleetaf Bbndirctivity B semidorfluttor thatefaria acivekievices,

transforming the semicepguctpr matgdaligio-an insulaigr, cepductor ordynamically changing,the
semiconductor material conductivity in response to an electric field or base current. Transistors contain

regions of YRrying fypes dhd déifreB8 6FBOPing drranged as necessary to enable the transistor to promote

or restrict the flow of elegtricabcurrentd4panthe appticatiomef thealectriafieldherbasecurentne
Active and passive components are formed by layers of materials with different electrical properties. The

layers caf BEformed by & variéty 6t déposition techniques determined in part by the type of material
being deposited. For exampley thin fietdeposiion may invehwucherical vapardepssiiond CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally

patterned to formBortiohs bFEANVR ConiparEnts Fassiid €5 pSients "6r SBEFRSFdSHHettions between

components. The layers can be patterned using photolithography, which involves the deposition
of light sensitive material, e.s%,e%got%e tl%ég\(/_&ritgg izz%er g% bt eat rned. gattern is transferred from a

A
photomask to the photoresi usmé [ rawing

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and

back—-end manufacturing. Front—-end manufacturing involves the



The portion of the photoresist pattern subjected to light is removed using a solvent, exposing portions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a
patterned layer. Alternatively, some types of materials are patterned by directly depositing the material
into the areas or voids formed by a previous deposition/etch process using technigues such as electroless
and electrolytic plating. Depositing a thin film of material over an existing pattern can exaggerate
the undecﬁl\é@ﬁ i@tgrn g@d é:realtg ana -uniét%rr_rgx élat %uq%%e. éoﬁ %@igacrénl %Iat surfa_ce is required to
produce smaller and more de sel§ pac &d Active and passive components. Planarization can be used to
remove materiabfrdmahesurate of théwafercarel prodube awfiformbyofidtesurfacecPlanarization involves
polishing the surfac % e wafer with lishing pad. An abrasi terial carrosive chemical are
Baded 1A et oM efes LD TNiRG, o Som b o koA adtor ST R Afiasive and
corrosivetactionof thachémical fembees any irkegulactopbgraphys rasultirglimca uniferinly flat surface.
Back-end. manufacturing tefers to cuttng,ar. singulatiog the, finished waferintq,the individual die and then
packaging the die for structural support and environmental isolation. To singulate the die, the wafer is
scored an@ bfakeh &lbAg hoarfuadtich:t edgions bf therwafer call®d saw'streets 6 scrisels. The wafer is
singulated ysing,a laser cutting tool ar.saw blade, Aftey singulation, the.indjvidual die,are mounted to a
package substrate that includes pins or contact pads for interconnection with other system components.
Contact padsfoffelDver the Serhrvondaetor i then Rohriegied'e tontisct pads withie tHe package.

The electficalcannegtions gan e made with.solder bumps,istug-bymps, genductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the package to provide physical support and

electrical isolation. The frfiSHEE pakhgesis tHen fitdereShtoSat s chritarsysteifand fife functionality of

the semicandugstar devieenis nade available to-thesether systemseampan@Msoroce s sFkdpifustrates
electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of

semiconddttdrpackagesmaited TRt Surfite. Bittdohid 88AEE BB may hale bfe t§pe!of
semicongucierspackageoar. multijte fpesrof semieenducterpackages.idependirg on the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes, of illustration.

Electronig VicR B0 REyhe R EfantPaioRd syStent Al Ul ¥e séhicordutidr pakkadesh Férform one
or more eleetrigalifunctians Adtetnativiedy, @lectiofiedevies S0nmay be assuhcompenent ot alarger

system. For e(:i(ample,, %Iectr%nic device 50 may be atqraphiis card, networkointerface card, or other signal
.con u%%1v1 H oL se %FoPduc r ma 1al 1n %gt%ve ﬁylces .
processing card that can bé ‘insertedinto a computer. The%enicoRductdr package c¢an include

microprocessoss,cnemosies happlication specific integrated eircuitss ASIL) ilogiclcitcuits, analog circuits,
RF Circunc%r?ciﬁ?(l; tgrqevcijcresdg/)}’lg}rbleégfﬂ;c%%daur%qn%e %eelescé%cl%onduct or material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),

physical vapor deposition (PVD), electrolytic plating, and

electroless plating processes. FEach layer is generally



components. In FIG. 1, PCB 52 provides a general substrate for structural support and electrical
interconnect of the semiconductor packages mounted on the PCB. Conductive signal traces 54 are
formed over a surface or within layers of PCB 52 using evaporation, electrolytic plating, electroless
plating, screen printing, or other suitable metal deposition process. Signal traces 54 provide for electrical
communication between each of the semiconductor packages, mounted components, and other external
system comé)onents Tracets 54 also Iptrovide power acnd round conne%tions to each of the semiconductor
atterned to for O ons of .ac é% components, assive .
packages. A some emIBo]almeﬁts, & semiconductor device has two Backaglng levels. First level
packagingasiadeehigue far méelcanicalbylanc eleetricadly attachinmgdhe semicoretuctor die to an
!ntermed!ate carrier. S%]%n%%/%r%acggglqgem gl&/gg rrp}e@@a&gcﬁ% aégg oeél%(itﬁ'%%@ %%%%h%?g the _
intermediate carrier to the PCB. In other embodiments, a semiconductor device may only have the first
level packaging wivere e diecisameetraridalliycandélestricatly arounied direothttorthe PCB.. 9 - / For

the purpose of jllustration, several types %QES‘E%V%Q%'&%QJQQHQ&'PC"% Wwire bopd package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball grid
array (BGAR6G fsump ehipreatrier (BREPB2 sdudlin-tine prleRage (DR 64 fartbgrid-afray (LGA) 66,

muilti-chip-module. (MGM) 68, guad fiat ngn-leaded package (QREN);Z0.:and quad flat package 72, are

shown mounted on PCB 52. Depending upon the system requirements, any combination of
semicondifEterpackages dconfiRte@With aiicombitialer b frdt afd seesndTeler packshing styles, as

well as othey electronic.compeagntsqcan be coppgetedde P 5gnin ecembediments, electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconnedt fackatie’ VBY) ToRfifiNg ohe Srihra sémiteRahctor PAERIGES VE: Bsing Substrate,

manufactiyeysLanringErporate pfednade semppenentsdptaelestrenic devices andsystemms. Because the
semiconductor packages include sophisticated functionality, electronic devices can be manufactured

using ch&4Jet chipoients &R astrsamiMed ARG at Uiy brodess e reRlfing devices are less
likely to faitppd lesscexpensivedodnanfaciire geswting ina dowencast for consumess.ess and

electrolytic plating.

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

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental

isolation. To singulate the die, the wafer is scored and broken



FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a illustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 includes an active region containing analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed within the
die and are electrically interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsaf%med I\{\gt@%h&?citg/g region c_{fosr%-:'smic n%Lfllceto%gig /4. Contact psaads 76 are one or more
layers of conductive material, such as aﬁamlnum? 1), copper ?5u), ?lnrh(gn), nicke Iﬁﬁ, goﬁd%\u), or silver
(Ag), andsareidiectricaliheonvieitted tostheliciuitaiementsifogmed Withir semiconauctordie 4. During
assembly, gf DI} 64.semicondyclor dis, 14 5 mounigglo an niarmedjate canier. 76, sing£,0qld-siicon
eutectic layer or adhesive material such as thermal epoxy. ﬁjhe package 6ody includes an insulative
packaging matekiabsuchids polyhrertdraeramicl Goheluptor Jeads 80 ahd wWirecbolsds 82 provide electrical

interconnegt between semisondyator die 74 and PGB 52, Encapsilant 84.is deposited (qver the package

for environmental protection by preventing moisture and particles from entering the package and
contamin&fingelie P4 oF wikeherrisig2nduct orF|GL Qbdlgstidies fifither eet@iPoftBC B Avunted on

PCB 52. Semicenducior dig 88 s maunted ovgr carrier 90 using ap yndedill or enoxy-resinadhesive
material 92. Wire bonds 94 provide first level packing interconnect between contact pads 96 and 98.

Molding &orporrd 8FEn&aFETant 100ds RlepBSite  BREISEMIEBNBAEBE die“88 dRd S ionds 94 to
provide physicalsypnortard slectrical isalationifor the device.1Contagtpads 1Q3 ars farmeadover a

surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless
plating tosrelertoxidatiit Cotftadt patisCro? arebdlettticacectéd t5one B hiftre Tdnductive signal

traces 54iRPGB 52 Rumpsa 104 gre fosmedbetween contact pads 98 of BCE62-and eontastpads 102

of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106

with a flif&fip Sifie first Vel patkaging TALi e &giort 268 8f §emictnatictor tie B8 ¢ontains analog or
digital cirguits implemented as astive-deyoes,passbeddeideass 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, indﬂéﬁ)rs,lcajpja%ﬁgaé,r PeGiStofs: SRU StReF ciftlt siEment Withihactive téFion 108.
Semiconductot die SHisseleatticallyapd mechanically connecteddo caomr 1906 thiaxghebumps 110.
BGA 60 islelect icall}g anfd mechanicgl\lg %onnecte(?(to PCB 52 Wtithda BGA %'%/Ie se%ond level packaging
using bw%plslﬁai TsEniicondUetsidie 58 |greléjc?ﬁczﬁf§/ec%nlp1%%féde {0 conduc |veSleirgn3Ft?aces 54 in PCB
52 throughibumpsiil®, signakbknesdlidy have one type of semiconductor package,

or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,

discrete devices, or other semiconductor die or electrical



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
mechanicaIIIX anIg elgctrically connected directly to PCB 52 using flip chip style first level packaging
without intermediate carrier 106. FIGs. 3a-3e lllustrate, in relation to FIGs. 1 and 2a-2c, a process
of forming dam materidlrarguitd alperipbierybaf @ semicbrsluetor e taafeducesvarpage i the FO-WLCSP.

In FIG. 3a, 8 uafeysfoim.ayh

F%gf%e g%%aréi?lé 120 fgg@iqsntceénlﬁ%%rg%grfs%%rifichaé base material such as
silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, ery]ﬁlum oxide, or other suitable
low-cost, sfgid araterial torhulie sémiconducton heatenal fohstréétBiral supportcCarrier S12@neah also be tape.

An optiongl Infedfagg layer 122.qa0 pe,fprmed quer camier 1,20, a5 g femporary adhesive bosuling film or

etch-stop layer. Carrier 120 has an area 123 designated for mounfing a semiconductor die. A
dam mategalneegaeposited oveelhtarfacellayec1 22 adt iaast paktallyrorcompletedt arsind a periphery

of area 123, Dam materia 124 can be an adhesive; polymer .ar mefallic;layer, Darg material 124 is

formed by screen printing, electrolytic plating, electroless plating, spray coating, or other suitable
depositionFFBéess-desEtling oRERE hiktedalr IPERS B3h: SemicoNEIEiGrdié tP CoRfOrRRAR 126 is

mounted dg designatecarea,i23,on interface layer 422 with.contaet Ragis 128 an active gurface 130

oriented downward toward carrier 120. Active surface 130 contains analog or digital circuits implemented
as activeUeVidesSpassive tevites SorihRithie tyets, andr diefsttriclagé s forhed Withik e die and

electrically-inteseonnected ageordingto the electrica) design anchfunstion of the die-kogexample, the
circuit may include one or more transistors, diodes, and other circuit elements formed within active
surface 130 to implement &fdlGy EFERL BIERGRal GrcBifte SRR digita S yia Drocsssof {DSP), ASIC,
memory, &% otheyisignalprecessingreircuit. Semicondunterdiad 26smay edsmeartain IPE); such as
inductors, capacitors, and resistors, for RF signal processing. A typical RF system requires multiple IPDs
in one or%&%%i%ﬁéu&B%ﬁ&l?acg%gth‘?)]gjr%n‘?uttﬁ%?@c gs&r%%l?&??&éﬁﬂﬁl&?o%%.r die to

an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

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

electronic components, can be connected to PCB 52. In some
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In FIG. 3c, an encapsulant or molding compound 132 is deposited over dam material 124 and
semiconductor die 126 using a paste printing, compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable applicator. Encapsulant 132 can be polymer
composite material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 132 is nonconductive and environmentally protects the semiconductor device from external
elements and contaminants. In FIG. 3d, temporary carrier 120 and gptional interface layer 122
are oMot A B ChETiGa! StAR PR AEAI St ot, LN Ceehanial GG, (RErra bake laser
scannings emwebt sttipping: Acbottergesiderbuilcup tiltercanmiectistnactture £34 is formedwver dam material
124, semjganeuclor,die 126, and pocansulany 132, Jhe yld-yp intercopned! stajclure A& ngludes an
insulating or passivation ayer‘p 36 containing one or more layers of silicon dioxide % | 5), silicon nitride
(Si3N4), sificsr orpnitrider( SION) Ntahtalsmipentexide (1a208)aalunirum exdde (AI203); ©r otiser material

having signiar jnsulatiog.and sipucturg) pronerties. e insulaing daye 426,5 laped using PVD, CVD,
printing, Spin coating, spray coating, sintering or thermal oxidation. he bottom-side build-up
interconn@eE strgctuird) €34 furiettinel gdey ap xidaicdllyiconbudve iyet $88 ¢erhged in insulating layer

136 using g paterning and metal deposition process.such.as RVR, GV, Sputtering lggtrolytic plating,

and electroless plating. Conductive layer 138 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable €1EEREERy EOMRRAIVE hratefidl. OrnEp&Evh bt eenddétivedayer13misrelecriedlly cdritfected to

contact pads.128:0f semicanductar die 1265 Other-ngrtions of canductivedayercl3g.can he elegtrically
common or electrically isolated depending on the design and function of the semiconductor device.
In FIG. 3823 sffchitafly ToRdbEtivedbumip matetiaFis deposited oversUMRES interconnect structure 134

and electrically conneqted;to, conductive hayer :38-sing an uaperatione electrolytic flating, electroless
plating, ball drop, or screen printing process. The 1lé)fléurj’,nj;material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu,
I

solder, afid Gonmbinatibh Thérbt wittah dptioAs dtdtidnt Fot exBMpIE THe Banip-Material can be
eutectic Srikbe bighalead:soldes, ouleadfieeisaldan Thethurap reatetial is honded 1o gonduativg layer
138 using a sujtable attachment or bonding process. In one embodiment, the bump material is reflowed
by heating'th8 hiatefial Sdve-its ety SdiRt to¥drA Spheticdibale or Brimpd 146 1% Some applications,
bumps 14@ ate-teflowethal secanc timetedmprovel electricat eentact toyeanductvendayer 1881 The bumps
can also %S compressign brondg%%gonguit'ive Ia}/l(-?[r 138. Bum@se(]][4(31 repregclaplt one type of Interconnect

structure aGt éjalnebg?ormaedeover conﬁﬁc ive I%lyér §§.C‘PﬁlenFncferconnggtos]:[ructgretc%n al gO use bond

wires, studlbumpjimadrodstsip;roradtheheledtrical Infercormeetple, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between

semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

-11-



Semiconductor die 126 are singulated with saw blade or laser cutting device 142 into individual
semiconductor devices. FIG. 4 shows FO-WLCSP 144 after singulation mounted to PCB 146.
Semiconductor die 126 is electrically connected to bottom-side build-up Interconnect structure 134 and
bumps 140. Dam material 124 has an opposite warpage characteristic as encapsulant 132. For example,
encapsulant 132 tends to concave and dam material 124 tends to convex with increasing temperature.
Dam material 124 stiffens the periphery of semiconductor die 126 after encapsulation.due to the opposin
warpage Yegertiie. IR, Haim BAla o G Sblatett ETave o et S eStinds o the CIE
of encapsulant:182; i ®ndhpGIEicfldesn fateriait32rissimiarctomerctighty fess than the CIE of

encapsulant %f(;% .T% Cl o&dgm7 aterial 124 compensates for stress Induced by the encapsulated
semiconcioc?or ie 1 e%lr?l unted toqﬂ)u!?la-dﬂpllrn?ercgnnect sfructure 134 in FO-WLCSP 144 during

temperature cycling andléxiretive iérﬁpe@t@r@qesﬁmgwﬁe@@mi\haﬁp@g@%oﬁ@l@mdmt@q stress,
FO-WLCSP 144;has reduced solder joint failyre, pastiqularly arqund the neriphery; of the semiconductor

die. FIG. 5 shows a shielding layer 150 formed over the top and sides of semiconductor die 126
and encapsikat 332usSHRIdirg laye¥ 1SDTan e Eun A dbrite BE carbonyliirdn,? tainl&ss Steel, nickel

silver, lowcarporystegl, silicgp-iron steeh fojl. epgxy..canduetive resin, and other metgls and composites

capable of blocking or absorbing electromagnetic interference (EMI), radio frequency interference (RFI),
and othefitéredéviea fiterférente. Shieldify e 150 ¥aRAIS6 e ForT-Atstalimateritf Sudtfas

carbon-black or aluminym flake fo reduse the effects of EMhand, RRL Shiglding layer 150 s grounded

through conductive layer 138 to bumps 140. FIG. 6 shows interconnect bumps 152 formed
between RBHEEE pads 19B Of seficorittRidrdie 2 26 el ondeictive fayelr 2 389/ baiffd-up interconnect

structure ds3¢4: Semieerdiiciordig 12648 sHppoted by dagy matedal 24y whicipreguces the potential for
collapse of bumps 152. FIG. 7 shows FO-WLCSP 154 with dam material 124 formed up to the

top surfaté' of BRcapsiitart 1 3Pt dterilZ4 S expséd Fonf FORWLTCSP 184P1atin9F|G, 8

shows dain neatedak-b24 tosmedatp tosthedop sutfase of eneapsulant 132%amnd expeseksfromzthe
FO-WLCSP, as described in FIG. 7. A thermal interface material (TIM) 156 is deposited over the back
surface ot 5eniidstiductordie ¥ 28°8P55ite adtve Elitiate 130" TINAEE A BE afurdif@m oxide, zinc

oxide, bOtma'ttrs*;deﬁ@rqul\zex'aeslzsjlveBlﬂmbeatlsjmk 31b8 iinmm@&d;@_\tareBM &Bﬁ,t@mapisuta@t_ 132, and
provide host desipaton fof SemicaniCeior e 526 TN 158 G i the disirbution and dissipation of et
generated by semiconductdrdie 126. semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.
BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive

signal traces 54 in PCB 52 through bumps 110, signal lines 114,
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FIG. 9 illustrates another embodiment of the FO-WLCSP with dam material formed around a periphery of
the semiconductor die. A dam material 160 is deposited over a temporary carrier and optional interface
layer, at least partially or completely around a periphery of the area designated for the semiconductor die
164. Dam material 160 can be an adhesive, polymer, or metallic layer. Dam material 160 is formed by
screen printing, electrolytic plating, electroless plating, spray coating, or other suitable deposition process
depending on the matelr'ﬁi. ne or more Iaxl%rg oé Phgtoresisg1 re engoPéteg over the carrier and

: . . A
optional in erfaclénlgﬁer. portlon%? e Bﬁot%?esﬁéjt IS exposed1 and remow y an etch development

process todfprm Viasl Conelucties imatedalcsuch ds Al,\Cu,cB, Nia Auj Ag, fitadmium (B congsten (W),
solder, polM-s'Ii.co 4 OLC bination thereof,.is deposited 'Tt evr'ga using.a selective plati rocess. The
photores%t ?/sésltﬁé]peg %%?a%%a\%ﬁg b%eﬁﬁl%ﬁﬁ i%/%%a con l?cltﬁ/e |cs>fll?arrs 162. n% anothéer em %diment,
conductivel pitarsh1ié? cambe foximed as stigl’bumps ov siabkeddburhes.t electasemiconductor die or

component 164 is maunted o the garpgr.and ppianal inferface lgyer with coniacpads 466 aa active

surface 168 oriented downward toward the carrier. Active surface 168 contains analog or digital circuits
implemerited E@naktive idevidesa passive deviges 2cantuetide fayeps, rattldielestitdyers formed within the

die and electrically,intsrconnacted.accardipg.todhe lactrical designuand functin of the.die. For example,
the circuit may include one or more transistors, diodes, and other circuit elements formed within active

surface 16816YUmpleétRERCATRAGS BircuitsordigitalTircaits slieheds D SPR A SIEM Arfemicty CPsther signal

processing eireit. Semisenductondie 16t may alsa-qentain; IPD, sych asindueiars, capacitgrs, and
resistors, for RF signal processing. A typical RF system requires multiple IPDs in one or more
semicondiittépackages 10 Pefform the hecedsary efectiidal fav&@ibnsackaging without

intermediate carrier 106.

FIGs. 3a—-3e illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming dam material around a periphery of a
semiconductor die to reduce warpage in the FO-WLCSP. In FIG.
3a, a wafer—-form substrate or carrier 120 contains temporary or
sacrificial base material such as silicon, polymer, polymer
composite, metal, ceramic, glass, glass epoxy, beryllium oxide,
or other suitable low-cost, rigid material or bulk semiconductor
material for structural support. Carrier 120 can also be tape.
An optional interface layer 122 can be formed over carrier 120
as a temporary adhesive bonding film or etch-stop layer.

Carrier 120 has an area 123 designated for mounting a
semiconductor die. A dam material 124 is deposited over
interface layer 122, at least partially or completely around a
periphery of area 123. Dam material 124 can be an adhesive,
polymer, or metallic layer. Dam material 124 is formed by
screen printing, electrolytic plating, electroless plating,
spray coating, or other suitable deposition process depending on
the material.

In FIG. 3b, semiconductor die or component 126 is
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An encapsulant or molding compound 170 is deposited over dam material 160 and semiconductor die
164 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
lamination, spin coating, or other suitable applicator. Encapsulant 170 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 170 is nonconductive and environmentally protects the semiconductor device from external
elements and contaminants.. The tempaqrary carrier arcljg optional inter layer_are removed by
chemicalr%?gﬁll%&é mggh%éélgﬁleaeﬁ%?f, ?ﬁ\?lg, r%%?hgﬁllcépé:nenr |r?g,ethg?rﬁglrbaaée:?la“é%%rgcanning, or wet
stripping.cAtottom-si pointerconnect structure S ever: waateria

ipping.cAty ide hulld-dupor ' € 17340s ¢orimed-everddam waaterialobé0; d
semicondugtor.die 164, and encapsulant 170. Thehuild-up interconnect structure. 174 includes an
insulatiné;jc or 6algsrlvat%?1'layergf7l6 %or%%]:n%r?gc %nee%[é rﬁgre%é)}erg o%é%zo %%KM(% 4l\cl,gl'lfaZOS, Al203, or
other materiat having similaniastiiating andstrcturaepropestiese Fhelinsulding flager 176 is formed using
PVD, CVD, piinting.3pin coating, spray geating, sintering, gr thermal gxidation., s , ¢, The bottom-side

build-up interconnect structure 174 further includes an electrically conductive layer 178 formed in
insulating:kgef 1726 Usingrd: patteming and hvstardepositioripiogess stole as PAVD rEvB! sputtering,

electrolytic-plaing..anpd eleqiroless plating, Conductiverlayer 178 6an be.one ar more jaygLs of Al, Cu, Sn,

Ni, Au, Ag, or other suitable electrically conductive material. One portion of conductive layer 178 is
electricalj ¢CoriiéRtet o onticipadstreEofsethiconddciordie 384; a%dtheér portioRIdt conductive layer

178 is electdgally.conpestedito,condugtive-pillars 162.Qther portians of conduetive layen 148 can be
electrically common or electrically isolated depending on the design and function of the semiconductor

device. C1TCUARK SISty dontuEtiveBdimprmaierial Ruehiosited bvér Bid-upiRercotiect structure
174 and elestrically sonnected e gonductiverdayersk 4 Hsing an-evaporation; electrolytic plating,
electroless plating, ball drop, or screen printig$ process. The bump material can be Al, Sn, Ni, Au, Ag, Pb,

B1, Cu, sofderCaRd eohbinativhs thérdbf Xwith &R optiBhariux Sdiutic Eor 2xampiel th8btimp material
can be eulgstic SN, high-deatksalder 0 Jeadbfreasoldesnthe puapematerinl is bordgsh tesgonductive
layer 178 using a suitable attachment or bonding process. In one embodiment, the bump material is
reflowed By He4tingthé ﬁ%iéﬁ&lsa%%ﬁfs%%ltif@%ﬁbiﬁﬂo%ﬁn SphBfical baflof Bips80. In some
applicatigns; bamps 180 arereflowetaeseconsstime o dnpraveielactricaheantaeido conductive layer 178.
The bumps can also b;cognf)éessgon bonded to conqucti%/e(@yer 78, Bumcps 180 rrle(:]{)r?§%nt,one type of

Interconnect structure that can be formed over eonductive layer “The Irtereonnect striictlite can also

use bondwires,istad borgy; iero bumpyrandthe? électricas émtercomtiect. or dieAla@pside budd-up

Interconnect structure 184 is formed over a surfaceoqf %?ncaps%lg% 170 Opﬁgﬁi%ﬁ% active slurfa&cg 168. The
[

build-up fhtreonnect structure 182heludes ah insdia ﬁél of paSS|v§’t|foenrlayer 6 %bntlalrﬂﬁg one or more

layers of 5402pSI13NASION, Ta20b, AR0Bor bthermaateral hawng simiddrinsulating and structural

properties,,The insulating,layer 186 is fppmed using RVDs GV, poing SRRe - composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 132 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 3d, temporary carrier 120 and optional
interface layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A bottom-side build-up interconnect
structure 134 is formed over dam material 124, semiconductor die

126, and encapsulant 132. The build-up interconnect structure
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coating, spray coating, sintering or thermal oxidation. The topside build-up interconnect structure
184 further includes an electrically conductive layer 188 formed in insulating layer 186 using a patterning
and metal deposition process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating.
Conductive layer 188 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 188 is electrically connected to conductive pillars
162 Other.portion oficanduictive faer 168 can be electricglly common or plectrically fsolated depending
on the design and functionof the Semiconductor device: A Semiconductor die or con%onent 190
is mountechto topsidertuildaye intercdbnaedtistructareck84with Soatact pads 182romadtivedsurface 194
oriented downyard toyard ihe buildup inteseonnect sfruciute, Adiye surface, 104 confainganalog or
digital circuits implémented as active devices, passive devices, con uctive ayers, and dielectric layers
formed withimthewie @anddstedtfi¢alBsinterconvedted asedrelinggtb theelectrisalndelign and function of the
die. For example, the cirgyit may {nclude.qne, g more frapsistors diedes,and ther cireyit elegnents
formed within active surface 194 to implement analog circuits or digital circuits, such as DSP, ASIC,
memory, ot offtaisighal proce ity circlit. Serdiesrdgbtos#ien 90maydso émitain IPTR sueH as
inductors, capacitors, and fasisters; for.Ri signal, processing. A typical RF system requires multiple IPDs

in one or more semiconductor packages to perform the necessary electrical functions. In another

embodiment, a discreté BenfcoricRittor dEvice édrib&nadtied o topide Blifdiap Witercbhhect structure
184. Bumps- 196 elecirically sonagctoaniast nads 1192.0f semiconductar die 190torcandugtive, layer 188.

An underfill material 198 such as epoxy resin is deposited beneath semiconductor die 190. In
FO-WLCSPS200: 'sehvicdittictor'dié 16241 £9@ akd efettritallf confisétad t6 Bottdr=dide build-up

interconneet skl 14 apdbpmps 180 anddepside hyild-wipdaiereannect spueiuie 434 dhrough
z-direction _interconnect conductive pillars 162. Dam material 160 has an opposite warpage characteristic
as encapSURNt 196 ESr &Xdhpled enc&pEtiait 7 0ftendd 15 condavePandaamihatdridl 266 tends to
convex withyinereasingatempesatuse., Dam, maieriah 460 stiffers the periphesy of semicondustor die 164
after encapsulation due to the gpposing warpage properties. In addition, dam material 160 is selected to
have a CIE 8 CorréSpBAdsS fo-the CIE Gfe MSapstiht 170 PEHHE €1 of @XMrmatetiat $60 is similar to
or slightly:lessthanr thel ¢ of epcapsulandt 176n ThetClEaefdam gnateriaktviO-ecompensates fer stress
induced ?F/?%]e e cta}psulated gemicondﬁjctor die 126 mOLinted to ?%dug intgrcor&necit__ Structtl_rLe 174 in
FOWLC 00 uringeﬁeﬁm%rera{tﬁpescfc in((joarhdu extreme earﬁﬁéra are t(ésfilng.eBye re%ctjcfnlg]cv?/arp%ge and
CIE-inducethstress; - @-WELESPc200 has seduceddsaldergont fagluce, partculady groundithe periphery of
the semig%nrgu&orndi%.f - SWMEQ”  or.more %ry?ogiments of the present invention have been
illustrated In &etaﬁ, the skﬁféd artisan wil apprecia?e that niodifications and adaptations to those
embodiments may be mhade Withois departimbefrom the s¢gpe ohtheqresenbmwenticit as setlforth in the

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

melting point to form spherical balls or bumps 140. In some
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
temporary carrier having a designated area for a first semiconductor die; forming a dam structure on
the temporary carrier by depositing dam material on the temporary carrier around the designated area for
the first semiconductor die; mounting the first semiconductor die with its active surface oriented to the
designated area on the temporary carrier; depositing an encapsulant over the first semiconductor die

and temporary.car ler, the d%m matelriﬂg selected to have a coefficien oLthermaI ex%ansion (CIE)
agﬁ ca é&?s HWPS ?re ret lowed % se%on .Tle Lo 1mprove
corresponding to a of the enicapsulant and a warpage characteristic opposite a warpage

characterstidfthe &hcapsdlant; toremovingthetempgorary tagier tdexposenadirstside obthe
fh“ec‘;fsius'%%:i%gr%ﬁ%‘éfsj]‘éﬁf;a%eo%%@& first semigandycror die; he dam stryctyre stiffeping a periphery of
represent one type of interconnect structure that can be formed
over conductive layer 138. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 126 are singulated with saw blade or
laser cutting device 142 into individual semiconductor devices.
FIG. 4 shows FO-WLCSP 144 after singulation mounted to PCB 146.
Semiconductor die 126 is electrically connected to bottom-side
build-up interconnect structure 134 and bumps 140. Dam material
124 has an opposite warpage characteristic as encapsulant 132.
For example, encapsulant 132 tends to concave and dam material
124 tends to convex with increasing temperature. Dam material
124 stiffens the periphery of semiconductor die 126 after
encapsulation due to the opposing warpage properties. 1In
addition, dam material 124 is selected to have a CTE that
corresponds to the CTE of encapsulant 132, i.e., the CTE of dam
material 132 is similar to or slightly less than the CTE of
encapsulant 132. The CTE of dam material 124 compensates for
stress induced by the encapsulated semiconductor die 126 mounted
to build-up interconnect structure 134 in FO-WLCSP 144 during
temperature cycling and extreme temperature testing. By
reducing warpage and CTE-induced stress, FO-WLCSP 144 has
reduced solder joint failure, particularly around the periphery
of the semiconductor die.

FIG. 5 shows a shielding layer 150 formed over the top
and sides of semiconductor die 126 and encapsulant 132.

Shielding layer 150 can be Cu, Al, ferrite or carbonyl iron,
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forming a first interconnect structure over the first side of the encapsulant; and singulating the
semiconductor device. 2. The method of claim 1, wherein the CIE of the dam material is equal to or less
than the CIE of the encapsulant. 3. The method of claim 1, further including forming a shielding layer
over the first semiconductor die. 4. The method of claim 1, further including mounting a heat sink over
the encapsulant and first semiconductor die. 5. The method of claim 1, further including:

stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing electromagnetic
interference (EMI), radio frequency interference (RFI), and
other inter-device interference. Shielding layer 150 can also
be a non-metal material such as carbon-black or aluminum flake
to reduce the effects of EMI and RFI. Shielding layer 150 is
grounded through conductive layer 138 to bumps 140.

FIG. 6 shows interconnect bumps 152 formed between
contact pads 128 of semiconductor die 126 and conductive layer
138 in build-up interconnect structure 134. Semiconductor die
126 is supported by dam material 124, which reduces the
potential for collapse of bumps 152.

FIG. 7 shows FO-WLCSP 154 with dam material 124 formed
up to the top surface of encapsulant 132. Dam material 124 is
exposed from FO-WLCSP 154.

FIG. 8 shows dam material 124 formed up to the top
surface of encapsulant 132 and exposed from the FO-WLCSP, as
described in FIG. 7. A thermal interface material (TIM) 156 is
deposited over the back surface of semiconductor die 126,
opposite active surface 130. TIM 156 can be aluminum oxide,
zinc oxide, boron nitride, or pulverized silver. A heat sink
158 is mounted over TIM 156, encapsulant 132, and dam material
124. Heat sink 158 can be Al, Cu, or another material with high
thermal conductivity to provide heat dissipation for
semiconductor die 126. TIM 156 aids in the distribution and
dissipation of heat generated by semiconductor die 126.

FIG. 9 illustrates another embodiment of the FO-WLCSP
with dam material formed around a periphery of the semiconductor

die. A dam material 160 is deposited over a temporary carrier
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forming a second interconnect structure over a back surface of the first semiconductor die opposite the
active surface of the first semiconductor die; forming a conductive pillar between the first and second
interconnect structures; and mounting a second semiconductor die to the second interconnect
structure. 6. The method of claim 1, further including: mounting the first semiconductor die so that a
portion of the first semiconductor is supported by the dam material; and forming a bump between a

7.r'l'hceornr]lgiheotdequcla|m 1,

contact pad pn the.frst semiconductor die.and firstinterconpet stuctyre, 7,

wherein t%e War%age C%araCI%GI’ISIIC (g‘Tﬁhe d%m ('na?erla IS con(?ave or corK/ex.
around a periphery of the area designated for the semiconductor
die 164. Dam material 160 can be an adhesive, polymer, or
metallic layer. Dam material 160 is formed by screen printing,
electrolytic plating, electroless plating, spray coating, or
other suitable deposition process depending on the material.

One or more layers of photoresist are deposited over
the carrier and optional interface layer. A portion of the
photoresist is exposed and removed by an etch development
process to form vias. Conductive material, such as Al, Cu, Sn,
Ni, Au, Ag, titanium (Ti), tungsten (W), solder, poly-silicon,
or combination thereof, is deposited in the vias using a
selective plating process. The photoresist is stripped away
leaving behind individual conductive pillars 162. In another
embodiment, conductive pillars 162 can be formed as stud bumps
or stacked bumps.

A semiconductor die or component 164 is mounted to the
carrier and optional interface layer with contact pads 166 on
active surface 168 oriented downward toward the carrier. Active
surface 168 contains analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
active surface 168 to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 164 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing.

A typical RF system requires multiple IPDs in one or more
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8. A method of making a semiconductor device, comprising: providing a carrier having a designated area
for a first semiconductor component; forming a dam structure on the carrier by depositing dam
material on the carrier around the designated area for the first semiconductor component; mounting
the first semiconductor component to the designated area on the carrier; depositing an encapsulant
over the first semiconductor component and carrier, the dam material selected to have a warpage

Char?‘Ctegé%tﬁfi%%%%?&Stao"rv_";‘?’aag?a%hea%ﬁ%tg r%é%%_%%ﬁ ThE e ant $Q%>(Stifef?re‘i89ral%%{iphery of the first
semiconductor component; removing the carrier; an orming a firstinterconnect structure over the
encapsulantctions.

An encapsulant or molding compound 170 is deposited
over dam material 160 and semiconductor die 164 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 170 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 170 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

The temporary carrier and optional interface layer are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. A bottom-side build-up interconnect structure 174 is
formed over dam material 160, semiconductor die 164, and
encapsulant 170. The build-up interconnect structure 174
includes an insulating or passivation layer 176 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 176 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect structure 174
further includes an electrically conductive layer 178 formed in
insulating layer 176 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 178 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 178 1is

electrically connected to contact pads 166 of semiconductor die
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9. The method of claim 8, wherein a coefficient of thermal expansion (CIE) of the dam material is equal to
or less than a CIE of the encapsulant. 10. The method of claim 8, further including forming the dam
material up to a top surface of the encapsulant. 11. The method of claim 8, further including mounting a
heat sink over the encapsulant and first semiconductor component. 12. The method of claim 8, further
including: forming a second interconnect structure over the first semiconductor component; and
mounting,3 SeCond SRTICONdUERL omPOnSAL R e eepng NeIeRIES! SRS 43 The method o
connected to conductive pillars 162. Other portions of
conductive layer 178 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device.

An electrically conductive bump material is deposited
over build-up interconnect structure 174 and electrically
connected to conductive layer 178 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 178 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 180. In some applications, bumps 180
are reflowed a second time to improve electrical contact to
conductive layer 178. The bumps can also be compression bonded
to conductive layer 178. Bumps 180 represent one type of
interconnect structure that can be formed over conductive layer
138. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

A topside build-up interconnect structure 184 is
formed over a surface of encapsulant 170 opposite active surface
168. The build-up interconnect structure 184 includes an
insulating or passivation layer 186 containing one or more
layers of Si02, Si3N4, SiON, Ta205, Al1203, or other material
having similar insulating and structural properties. The

insulating layer 186 is formed using PVD, CVD, printing, spin
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mounting the first semiconductor component so that a portion of the first semiconductor component is
supported by the dam material; and forming a bump between a contact pad on the first
semiconductor component and first interconnect structure. 14. The method of claim 8, wherein the
warpage characteristic of the dam material is concave or convex. 15. A method of making a
semiconductor device, comprising: providing a first semiconductor component; depositing dam
material around a perépherﬁ of thetfirst semiconductor compgnent, | gggggi%ingrgn encapsulant over the

. . T m . . .
first semiconductor cor%]f)g ent, the darh matenial selected to have a warpage characteristic opposite a

warpage characteristiclofehé epsapsulant] 1 d-fgpming: a ficstnintercorsiect structarel 8¥er the encapsulant;
further includes an electrically conductive layer 188 formed in
insulating layer 186 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 188 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 188 is
electrically connected to conductive pillars 162. Other
portions of conductive layer 188 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device.

A semiconductor die or component 190 is mounted to
topside build-up interconnect structure 184 with contact pads
192 on active surface 194 oriented downward toward the build-up
interconnect structure. Active surface 194 contains analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 194 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 190 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions. In another embodiment, a
discrete semiconductor device can be mounted to topside build-up

interconnect structure 184. Bumps 196 electrically connect
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forming a second interconnect structure over the first semiconductor component; mounting a second
semiconductor component to the second interconnect structure; and singulating the semiconductor
device. 16. The method of claim 15, wherein the CIE of the dam material is equal to or less than the CIE
of the encapsulant. 17. The method of claim 15, further including forming a shielding layer around the
first semiconductor component. 18. The method of claim 15, further including forming the dam material

uptoalqgﬁ%gggﬁ(ggggepggp% ag%miconductor die 190 to conductive layer
188. An underfill material 198 such as epoxy resin is deposited
beneath semiconductor die 190.

In FO-WLCSP 200, semiconductor die 164 and 190 are
electrically connected to bottom-side build-up interconnect
structure 174 and bumps 180 and topside build-up interconnect
structure 184 through z-direction interconnect conductive
pillars 162. Dam material 160 has an opposite warpage
characteristic as encapsulant 170. For example, encapsulant 170
tends to concave and dam material 160 tends to convex with
increasing temperature. Dam material 160 stiffens the periphery
of semiconductor die 164 after encapsulation due to the opposing
warpage properties. In addition, dam material 160 is selected
to have a CTE that corresponds to the CTE of encapsulant 170,
i.e., the CTE of dam material 160 is similar to or slightly less
than the CTE of encapsulant 170. The CTE of dam material 170
compensates for stress induced by the encapsulated semiconductor
die 126 mounted to build-up interconnect structure 174 in FO-
WLCSP 200 during temperature cycling and extreme temperature
testing. By reducing warpage and CTE-induced stress, FO-WLCSP
200 has reduced solder joint failure, particularly around the
periphery of the semiconductor die.

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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19. The method of claim 15, further including mounting a heat sink over the encapsulant and first
semiconductor component. 20. A semiconductor device, comprising: a first semiconductor component;
a dam material deposited around a periphery of the first semiconductor component; an encapsulant
deposited over the first semiconductor component, the dam material selected to have a coefficient of
thermal expansion (CTE) corresponding to a CTE of the encapsulant and a warpage characteristic

opposite a warpage characteristic of the encapsu at'.and a first interconnect structure formed over the

encapsulant. 21. The semiconductor device of claim a‘&swherein the CTE of the dam material is equal to
or less th@nahe CTE bk thesencapsulant.

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

providing a temporary carrier having a designated area for
a first semiconductor die;

forming a dam structure on the temporary carrier by
depositing dam material on the temporary carrier around the
designated area for the first semiconductor die;

mounting the first semiconductor die with its active
surface oriented to the designated area on the temporary
carrier;

depositing an encapsulant over the first semiconductor die
and temporary carrier, the dam material selected to have a
coefficient of thermal expansion (CTE) corresponding to a CTE of
the encapsulant and a warpage characteristic opposite a warpage
characteristic of the encapsulant;

removing the temporary carrier to expose a first side of
the encapsulant and active surface of the first semiconductor
die; the dam structure stiffening a periphery of the first
semiconductor die ;

forming a first interconnect structure over the first side
of the encapsulant; and

singulating the semiconductor device.

2. The method of claim 1, wherein the CTE of the dam material

is equal to or less than the CTE of the encapsulant.

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

shielding layer over the first semiconductor die.
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22. The semiconductor device of claim 20, further including a

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

sink over the encapsulant and first semiconductor die.

5. The method of claim 1, further including:

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

forming a conductive pillar between the first and second
interconnect structures; and

mounting a second semiconductor die to the second

interconnect structure.

6. The method of claim 1, further including:
mounting the first semiconductor die so that a portion of
the first semiconductor is supported by the dam material; and
forming a bump between a contact pad on the first

semiconductor die and first interconnect structure.

7. The method of claim 1, wherein the warpage characteristic

of the dam material is concave or convex.

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

providing a carrier having a designated area for a first
semiconductor component;

forming a dam structure on the carrier by depositing dam
material on the carrier around the designated area for the first
semiconductor component;

mounting the first semiconductor component to the

designated area on the carrier;
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shielding layer formed over the first semiconductor component. 23. The

depositing an encapsulant over the first semiconductor
component and carrier, the dam material selected to have a
warpage characteristic opposite a warpage characteristic of the
encapsulant and stiffening a periphery of the first
semiconductor component;

removing the carrier; and

forming a first interconnect structure over the

encapsulant.

9. The method of claim 8, wherein a coefficient of thermal
expansion (CTE) of the dam material is equal to or less than a

CTE of the encapsulant.

10. The method of claim 8, further including forming the dam

material up to a top surface of the encapsulant.

11. The method of claim 8, further including mounting a heat

sink over the encapsulant and first semiconductor component.

12. The method of claim 8, further including:

forming a second interconnect structure over the first
semiconductor component; and

mounting a second semiconductor component to the second

interconnect structure.

13. The method of claim 8, further including:
mounting the first semiconductor component so that a
portion of the first semiconductor component is supported by the

dam material; and
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semiconductor device of claim 20, further including:

forming a bump between a contact pad on the first

semiconductor component and first interconnect structure.

14. The method of claim 8, wherein the warpage characteristic

of the dam material is concave or convex.

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

providing a first semiconductor component;

depositing dam material around a periphery of the first
semiconductor component;

depositing an encapsulant over the first semiconductor
component, the dam material selected to have a warpage
characteristic opposite a warpage characteristic of the
encapsulant;

forming a first interconnect structure over the
encapsulant;

forming a second interconnect structure over the first
semiconductor component;

mounting a second semiconductor component to the second
interconnect structure; and

singulating the semiconductor device.

16. The method of claim 15, wherein the CTE of the dam material

is equal to or less than the CTE of the encapsulant.

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

shielding layer around the first semiconductor component.

18. The method of claim 15, further including forming the dam

material up to a top surface of the encapsulant.
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a second interconnect structure formed over the first semiconductor component; and a second
semiconductor component mounted to the second interconnect structure. 24. The semiconductor device
of claim 20, wherein the warpage characteristic of the dam material is concave or convex.

19. The method of claim 15, further including mounting a heat

sink over the encapsulant and first semiconductor component.

20. A semiconductor device, comprising:

a first semiconductor component;

a dam material deposited around a periphery of the first
semiconductor component;

an encapsulant deposited over the first semiconductor
component, the dam material selected to have a coefficient of
thermal expansion (CTE) corresponding to a CTE of the
encapsulant and a warpage characteristic opposite a warpage
characteristic of the encapsulant; and

a first interconnect structure formed over the encapsulant.

21. The semiconductor device of claim 20, wherein the CTE of
the dam material is equal to or less than the CTE of the

encapsulant.

22. The semiconductor device of claim 20, further including a

shielding layer formed over the first semiconductor component.

23. The semiconductor device of claim 20, further including:
a second interconnect structure formed over the first
semiconductor component; and
a second semiconductor component mounted to the second

interconnect structure.

24. The semiconductor device of claim 20, wherein the warpage

characteristic of the dam material is concave or convex.
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