SEMICONDUCTOR DEVICE AND METHOD OF FORMING SACRIFICAL PROTECTIVE LAYER TO
PROTECT SEMICONDUCTOR DIE EDGE DURING SINGULATION Field of the Invention The
present invention relates in general to semiconductor devices and, more particularly, to a semiconductor
device and method of forming a temporary planarization protective layer to protect a semiconductor die
edge during singulation. 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 emlttl dIOd?HSLEDz? small SI nal tranclstor reS|stor capacitor, mductor and power metal OXIde
semlcond
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microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a temporary planarization
protective layer to protect a semiconductor die edge during

singulation.

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 signal
processing, 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 apphications, &¥igfion, automotive, industrial controllers, and office equipment.

Semiconductor devices explodthe etestrical pieoperties ot semicongdugtor matgealss The atomic structure
of semiconductor material allows its electrical conductivity to be manipulated by the application of an

electric fibl STHa8E cUtHEt of $hrotigR e PFOERE TF dpiry Bopiks fiftrodates i puftey into the
semiconduciorsmatertahtp manipdateiancheonite the eanductivity: of thehsemiconduetos Uevies. A
semiconductor devige contains active and passive electrirgl:’?l, structures. ﬁctive structures, including bipolar

and field St aNsiStorS CoRtor the oW oP sldttical Slréit By Vaning fevels ot dopifig and
applicatiarrefan electricsfield opbase cutrent; thie transistorieithen pcamptesyar restricts the flow of

electrical Scéjrrlegé.n%ascsg\éerstrléc‘;ufrcees inézllédir%% Lrlens&'stg){ls,_t agaﬁit%rfd%nd Fdéj%(g]? create a relationship
between vofPage an& currengnecessary {O pertorm a variety o ej1ectr|calo uncﬁlons.tl"‘rlwe passu/e and active
structures arerelectridally connectedto domv eireliits; whielt apalile the semicondeictarrdevice to perform
E‘gﬂ;pe%% galghiations and qraer usefylfunctions. Semiconductor daviges are-generally manufactured
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 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 passive components. Back-end manufacturing involves singulating
individual die from the finished wafer and packaging the die to provide structural support and
environmefital FSEIRIGT Manut a5t §o Ao fENEsiGictor manufalci@iHg 18 produce smaller

semicongugtorrdevieas: Smaller deyices typigaths censume lessqowerc have higher pgrformance, and can
be produced more efficiently. In addition, smaller semiconductor devices have a smaller footprint, which is
desirable¥oF SMaliar éid Proicts S Shafli&FEiR sizé EAR be Hehid R B RpIovEhehtsiR tHE front-end
process resyltingrmgliel with smallep, 1 higheridensity attive andfpassiercomponrents. Back-end processes
may result in semiconductor device packacqqesa/vith a smaller foat rint,l:%/ irr%p,rov ments in electrical
interconnection aRQ Packagihg aterials’ 1€ AlSermitBndtctoY watst Contains A Hlurality of
semicondugtaradie Or components separatacyby asanrsteedt] Yhe semicondugteravdfee isssidgulated
through the saw street into individual gemjcondyctor die using a saw blade or laser. cutting toal. Once
singulate%, the semiconguctor Ble'can bé tounted o giemporalry%a%néfr in orderto form a lw%l-up
interconnect structueel for aefahzout wafer [eveliclip&calefpackage (FeTHLSP) Thieesemieonductor die

are subject to chipping an crac%rin along the die edge.aor other amage dijri che singulation process,
more spe%ﬁ%éﬁy %ysﬂ% L|1r%dr3<}a%ﬁtao t g%%%%}%ngaggw%ﬁ%vdler. D(E:-ntglpbﬁlrringS(:oan(‘jopcc(ljfr1 along the saw street
during singulation, whiéinean calse &lettricat shortingowhew forfriag thet bgild-ap frtercopmecestructure.

In situations.whete the semicondycior diehas.an ungyen ochighJgpelogy . theadnesipn between the die

and carrier can be weak leading to defects during the interconnect build-up process. Summary of the
InventionconsumeA hegd exists to protEet the Seaticorrductoindie duiringsihdgidatidreand peovidsia planar

surface hgfween the dieand carrier during the build-up interconnegt process-Accordingly. in one
embodiment, the present invention is a method of making a semiconductor device comprising the steps of

providing'& $émicorliuticr WwaferEdritaiting diphiralityofdemieshdctdidie Separatied DYh saw street,

forming afirstnsulatingaygr-over they semiconductor wafer forming @ protective dayergver the, first
insulating layer including an edge of the semiconductor die along the saw street, singulating the
semicondudtforfwafet tidtgRtRE proteERmBtayePand Baf treet (6 séParate the Serdifcdhductor die while

protecting ¢hes edge ot the,semiconductor die, deading withdhe pratectivelaygh.dnednrting they
semiconductor die to a carrier, depositing an encapsulant over the semiconductor die and carrier,

removing th&'calrrier arif Brotectiveqagér, AR f6fining A Baifful ritBréonfiBet stifctd 2 dver the

semicondyictangie anshencapsulantl e ct r i dJaANDHRRIeMbedimenttheiesentdavention is a method of
making a semiconductor device comprising the steps of providing a semiconductor wafer containing a
plurality Steficrductor die, forming a first insulating layer over the semiconductor wafer, forming a
protective layer over tie fistinsulating tayerysingulating the semicontuctor wafeothrough

semiconductor die or components separated by a saw street. The
semiconductor wafer is singulated through the saw street into
individual semiconductor die using a saw blade or laser cutting
tool. Once singulated, the semiconductor die can be mounted to
a temporary carrier in order to form a build-up interconnect
structure for a fan-out wafer level chip scale package (Fo-
WLCSP). The semiconductor die are subject to chipping and
cracking along the die edge or other damage during the
singulation process, more specifically by the impact of the

spinning saw blade. Metal burring can occur along the saw



the protective layer to separate the semiconductor die while protecting an edge of the semiconductor die,
mounting the semiconductor die to a carrier, depositing an encapsulant over the semiconductor die and
carrier, removing the carrier and protective layer, and forming a build-up interconnect structure over the
semiconductor die and encapsulant. In another embodiment, the present invention is a method of
making a semiconductor device comprising the steps of providing a semiconductor die, forming a first

insulating’ fay/8f bverthe senficordisr die; fof aProtechve fayel BvEr theirsiRsalating layer,
leading withcthe fsetective fayer pnounting thenserpiconductor diertoca garier, depasitingsan eaeapsulant
over the semiconductor die and carrier, removing the carrier and protective layer, and forming a build-up
interconn&ESfuctlife SVEHREREMIESHdUtSr dig rtlentapltfant” D190 thgroltshembdGiment, the
present iaverdionds asamicenducior dewca compiisinga seaicanslugtoridie and firsf insulating layer
formed over _the ser%liconducto%hdieﬁ A protective Iagekr) IS é?&%med over the first insulating layer. An

0 e A

encapsulant s deposited over the sehiicbRdUesr bi [d-6p irt&fconiiect structure is formed over the

semiconductor die and encapsulant. Brief Description of the Drawings FIG. 1 illustrates a PCB
with different types of packages mougted to its s%atc%é nve El%% 2a-2c illustrate further detail of the
semiconductor packages mounted to the ﬁ&g; FiGs. a—f}l Gstrate process of forming a protective

A need exists to protect the semiconductor die during
singulation and provide a planar surface between the die and
carrier during the build-up interconnect process. Accordingly,
in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
semiconductor wafer containing a plurality of semiconductor die
separated by a saw street, forming a first insulating layer over
the semiconductor wafer, forming a protective layer over the
first insulating layer including an edge of the semiconductor
die along the saw street, singulating the semiconductor wafer
through the protective layer and saw street to separate the
semiconductor die while protecting the edge of the semiconductor
die, leading with the protective layer, mounting the
semiconductor die to a carrier, depositing an encapsulant over
the semiconductor die and carrier, removing the carrier and
protective layer, and forming a build-up interconnect structure
over the semiconductor die and encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer containing a plurality of
semiconductor die, forming a first insulating layer over the
semiconductor wafer, forming a protective layer over the first

insulating layer, singulating the semiconductor wafer through



layer over an uneven insulating layer to planarize a semiconductor die and protect a die edge during

singulation; FIGs. 4a-4j illustrate a process of forming a WLCSP with the semiconductor die
having the sacrificial protective layer to planar uneven surfaces; FIG. 5 illustrates a WLCSP with
a shallow cavity formed in the encapsulant over the RDL and bumps; FIG. 6 illustrates a WLCSP

with a shallow circle cavity formed in the encapsulant over the RDL and bumps and encapsulant trim
around tHe'SemicohBtétoy fiet2Yer trIEST HMstatds s WEESPARRK ShafoW tavitiBs t6rmed in the

encapsulpabeverthe RRk and puinps and arund-thesemieendudor disiafdng the FIG. 8illustrates a
WLCSP with shallow cavities formed in the encapsulant and thick RDL under the cavities. Detailed
Descﬂpﬂéﬁ%fﬂﬁpgﬁﬁﬁmﬁsdle to a carrier, depositing an encapsulant over

the semiconductor die and carrier, removing the carrier and
protective layer, and forming a build-up interconnect structure
over the semiconductor die and encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first insulating layer
over the semiconductor die, forming a protective layer over the
first insulating layer, leading with the protective layer,
mounting the semiconductor die to a carrier, depositing an
encapsulant over the semiconductor die and carrier, removing the
carrier and protective layer, and forming a build-up
interconnect structure over the semiconductor die and
encapsulant.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
insulating layer formed over the semiconductor die. A
protective layer is formed over the first insulating layer. An
encapsulant is deposited over the semiconductor die. A build-up
interconnect structure is formed over the semiconductor die and

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
semiconductor packages mounted to the PCB;

FIGs. 3a-31 illustrate process of forming a protective



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

equivalent& A= supported by the foowing Histid<tife Emddralvihgst 27ar L ZSeficonductor devices are

generallyyaanufactured sisingi twoaeemplexysanufacturingqageesses: fignsend manufagtyring and
back-end manufacturing. Front-end manufacturing involves the formation of a plurality of die on the
surface of a semicondﬁSFWaﬁéar._éécﬁ Ui G fﬁgﬁ/a?erpc%?]%ﬁ@ alfive Sndpadsive Tréctfical
components, Wwhisk ase eleetiically €onnactedia farnmy funciiopalelegtricakairquits t Aetivieselectrical
components, such as transistors and diodes, have the ability to control the flow of electrical current.
Passive %c\ft?iﬁalt@orﬁéigﬁl&ﬁs}l QchAs E4Badiors iinductors, resistors, and transformers, create a
relationship between veltage and turrentaeeassarywiacgerfornt lestriiad Cirewit functians. Passive
and activ?OcoHrlnepgon.er?tscgée Qérggdsovler the gug%cecgf thﬁgD ergiggn u%o[s wafer by a series of process
steps inc ud?ng ofﬁng, eposmorﬁ p%o?&ﬁhod?aphy, etching, and p anarization. Doping introduces
impurities into the semitbhdu6tor MatetiakhetechniguesSBueh Es ien snplahtationiorcthermal diffusion.
The dopig% \pr%cesgorg%gif'eﬁ Igheﬁgl@ect@rgggéc%%q%cﬁ%/it% \% §er%%ceonlgﬂfto§ n&atgg%l in acr'%ige devices,
transforming the’ semiconductor material into an insulator, conductor, or di/namlcglﬁ/ cahanging the
semiconductermateriat conductivity im desponse ¢o aneidetrt fieldddrchase current. Transistors contain
regions of varying types and degrees of foping arrqnged:as, negessary o enable the wransistor to promote
or restrict the flow of electrical current upon the application of the electric field or base current.

Active andoFassivelfornpenénts 2ips forandd by fayerdiof materiisl withntiferent ekictricad pidperties. The
layers cag&%fggmggcby&vgg%ty of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition can involve chemical vapor deposition (CVD), physical
vapor deposition (PVDY, électfolytic prafiigtatd elettrofdds plathgcprotesses Fachllayer is generally
patterned:{o-form partions. oLactive-LomMPeNeNts, Rassive GMPEReNIS, erelectiicakgonnections 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 photoresisbewiag light. e s8e Sprashiment, the potian elgbe photoresist pattern
subjected to light is removed using a solvent, exposing portions of the underlying layer to be patterned. In
another embodiment, the portion of the photoresist pattern not subjected to light, the negative photoresist,
is removed using a solVeft, BXFSSAG pohioistofthe tRdeAFing 1&7et 16 hePhttethed Five remainder of
the photaresistisriemoyednleaningraahing apatiesred layer.Alternatively rsore typesofinaterials are
patterned_by directly depositingnthe,material into the areas or voids formed by a previous deposition/etch

process dsify t&cHmiques Stichas et Bidls aht I8 EFSIiTiE plathgS Same of 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



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 @&t poiishity. T eBmMbihed mMéchbficataction of tHetaraske dnd corrosive action of the

chemicalgemtoyes @hyHsegwar tapograpiys reswting incaanifarmly flat sudaee, act i vdBagkdend
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging

the die fdfSratt{ifalsUpport &t eMAPBHIHEREP isdTRidH! TO SinGuiate- thedie, the WARF fs-§cbred and

broken alongman-functienal segions 0f dre-weadar called savsstreets of seribes: dtheiwarfer is singulated
using a laser cutting tool or saw blade. After singulation, the individual die are mounted.to a package
substrate (RAP fHETUHeS pifid of cofitact pAds for ThterdHhection With OtASF sy Sma(%r’r]iﬁgﬁ’engg Contact
pads formech overl therseniicondudtoe diecare then conneeted 1o cbatact pads Withinrthesdackage. The

electricalccgnnggti%r]csscan Lkgtagnadse \(/:vith a§o:lLdEe(g béjm%sﬁ gtucdagl%mpskc%nlds%gv% pagtne or wirebonds. An
encapsulan{ngr other m’oI&ing materiafis dpeposﬁed over the paciége?o prowae physical support and

electricaltiselatidro rTiee-finiskes: packageris lthén imserted ihtocare efectricat systeandnd the-fumctionality of

the semiconductor devECéa iS made av%!haebcl% %ol tchaelot(I;11err .g)éslt mf%%rgegnents. FIG. 1 lllustrates

electronigag\%gg%]E)yhavméjgji: ?prénarrler substrate or printed circuit boa?raS(PCB) 52 with a plurality of
semiconductor packagés siwcurited of itscSurfaces Elactronic-device S0candtavevene tyipe of

semicondygiqr package. grmultiple types of Semicenductor packages..depending.on the apglication. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronié devied BOcalrbé 2ostadgichiet syste mithat gdes-thessemmieond gdtonpackage’sdo perform one

or more electricalfunctions. Alterpatively; electranic device 50 can he a suhcomponent of a larger system.

For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video carhefd MVE) O Tthércdlegtaric RBniriGhiBatiditdevite AR natvely MEléSRGAE Hevices0 can be

a graphicsicard-netwprk interace caig. o gther signal pracessing: gard dhatcanhe Inserteghinto a
computer. The semiconductor package can Include microprocessors, memoaories,
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
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 can involve chemical wvapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally

patterned to form portions of active components, passive



application specific integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,
or other semiconductor die or electrical components. Miniaturization and weight reduction are essential
for these products to be accepted by the market. The distance between semiconductor devices must be
decreased to achieve higher density. 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 trace8BALGR FGrmEd oFers Shrfaee of AR ayers of P EES P usingRVaForation, electrolytic

plating, electroless plating scseesrpriating, 9 othersuitable metal gdeppsition PracesssSignal traces 54
provide for electrical communication between each of the semiconductor packages, mounted
componehits; Ahd Sther Exrial SySfeh? tompoRefts. THEEs 54RO prvidE Powerhd Grolind
connectignsotoceachi efthe sesticanduciorpackagede pattelirsame emhedirments, asemiconductor

device has two ack?%ﬂq{levels. First level p ckagin%%gs a technique for mechanically and electrically
attaching the"s&niesductdrdie to ARGHEPMBHIaS chftierPS8E6RT vl padkdying mvdives méchanically
and electricall\:attaching the intérmethate icatrierftotthe REB tlorathesembaditeents sailsg¢micanductor
device mg%/h(é IEl)yél‘w%%veitsherf(lers'gD Igvgl %ac.ka ing Wh(ire thg die is mechanically and elecgrl%%lllg/ _mounted

directly to or the pl‘j’rlprcl) e ofﬁﬁjsilr%ﬂoh, see%?g’ljtyr/lge§8 w%?fé%e?pac aging, including

bond wireipdekagei 5§ ahdfk chip 38; are shewnash. PCBrS 2 nAdditionatlypselierahtypes log second level

packaging, including ball grid array (BGA)_60, bump chip_carrier (BCC) 62, dual jn-li p%a e (DIP) 64,
and oD R DR e b s b (MEND £ hay et e et b (ORI 0, and quad
flat packages?2,iare shiowroresihted o SPCBEYY Gepending apcerrthiessysierprequiteraents, any

combination of;seruicopdyelor packages; fonfiaured with any gambinafien of figstang secopd level

packaging styles, as well as other electroniC components, can be connected to PCB 52. In some
embodinehts; fectioriicdevics B0liAcludas dsinglé ettached semicshduciorifeekaged, whilesther

embodiments.¢allfor myltiple interconnected packages, By combin igg@{@rﬂ?{éﬁoas%m&c&@gﬂ%elor

packages over a single substrate, manufacturers can incorporate pre-made components into electronic

devices &RPSystEmEIBELsustRthesEricondirctoP FackeRes iRélude 58phisteated finctidnality, electronic
devices Gande manufagturediusing cheaper.components agd astrearylined manyfaciuring process. The

resulting devices are less likely to fail and less expensive to manufacture resulting in a lower cost for
consumefdectroless 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



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 can include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit

elementsforhed #ithin thePadtiveTegirrofEmidoRdudtbrditdr£ T omad TR 68k Sr&bFMore

layers of gonductivermateriat ispieh asralyidaim AL} 1copper EGU): Him (Sh), Juekel {NB cgald{Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During

assembly’ 6 DItS 84, semicoRafictor dfe 74 PMbahfsd B térmetise arier78 usinga §did-silicon
eutectic layer orladhesivenmaterial steh as thermalepoxy o £pory sesid.i Ehe packagenbedy insludes an

insulative pack %\Iﬂ% m%ﬁ%rial such atﬁhgolymer oré:erami,c. Conductor Ieadts 80 §nd ond wires 82
provide efectfical titercotnieet Batweeh Semidondictor did 74 8hd PCB 33" ERGESsulSAt 84 is deposited
over the packagedion envitenmertah proteetiorskys preventing sngistuse and garticles fradsentering the

package ng contarp]inatiggéﬂie 24 or br? d vggers %gl.e are tl%lgr.1 2b Ill%setéagg%f%rgheg deé%i!:%f BCC 62
mounted on 518% 527 Semiconductor die 88 ismounted over carrlercg%nu3|ng an underfill or epoxy-resin

adhesivepmdterial 82.1Borndhwines 9degrovidelfirst kelvelpackagingcimtereonnect hetweeeontatt pads 96

and 98. I\‘/Aliglgilngs%cm ound. or gncaﬁz%ﬁrg 100 is dé—:-g éiltlecdcoypr semicgnductor die %ggd bond wires

) o) , » ) te, .
94 to provide physica gupp%n ahd electrical ISolation for the device. Ccfontac(tj]ﬁagé} 102 are formed over a

surf_ace ﬁ@@@@n@ﬁﬂg}a@unablehﬁ@ml deposition pmss slch asdslectedlyticiplating otle@ctr_oless_
plating t rSﬁS%‘eg;%%Batb%\%o&‘éa% 5102 are electically,cannedied 1o one or mare gonductive signal

traces 54 in PC umps 104 are formed between contact pads 98 of BCC 62 and contact pads 102
of PCB 52he finiphpIG maskseficoriluchordié 5845 hesuntad facedewe & intermediateteatrier 106

with a flip.chip sfyle first level packaging Active region.108 of semiconductor die 58 gontains analog or

digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers
formed aé&GrdirPothe @lédifical desigreartherdie aas@misle, the circuit can Include one or more

transistors, diodes, Indugtors,jcapacitars, fesistors, and:ofher-cikeut elements, withinactiveregion 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.

BGA 60 is®lécthcalf i fetRanically camistied f&PEB 52 with o BERA styfe ¥éddhdPlevel packaging
using bumpsAd2ity of semiconductor packages mounted on its surface.

Electronic device 50 can 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 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
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,



Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB 52 through bumps
110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is deposited over
semiconductor die 58 and carrier 106 to provide physical support and electrical isolation for the device.
The flip chip semiconductor device provides a short electrical conduction path from the active devices on
semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,

lower cagatitahte it Inipiove overdinGrdiitdeiformante  infardthéf-émboaiténtCthe sErhiconductor

die 58 cagrhe mecharically and electrically connegtesdiractly 4o PR 52 using-flipship style first level
packaging without intermediate carrier 106. FIGs. 3a-31 lllustrate, in relation to FIGs. 1 and

2a-2c, a ProLES8 o forhiing A tEmporary Profettie 145RFBVEF Al TnevE ihstiatingAalerd pidfarize a
semiconductiofhdie anghprotest a-die edgedduringisimgulation 5 Go Bashows a semicandustor svafer 120
with a baﬁe supstrate qgaterial 122, %uch as silic%n,t%%rmanium,%allign atrsengg, indium I|E\>hosphide, or
silicon caride forStrictural support ASHIaFATty SFserRicdndaltor Qi SICShpsiTents 12418 fdrmed on
wafer 12@separated by Sanosteeats 426 asidgseribedabove.. FIG. 3b shows a cross-sectional
view of a portion of se }?Oﬁ%cm{t Wag%r 125}02 Eq:cgvﬁeﬁ{gigogduggr giaellzéjlLl g% gabaaé:k ngace 128 and
active surface 130 containing analdg or gigl 4l Gircults mplemgnte% as active evices, passive devices,
conductivetayeis;aad dielectrictayers fermed withinltherdie andrelectrically nterconnected according to

the electrical design and fungtion of the die Forexample, the,eiouit may Include one.or mare transistors,
diodes, and other circuit elements formed within active surface 130 to ?mplement anallo% circuits or digital

circu_its, Suchcwt_jigi%alasi@naiQﬁm@eiss@yéDSP),%@mgmorwwmmerlﬁgm @r@ées_%ﬁﬁﬁg Gircuit.
Semicondustar die. 134 may also cantaln. Iniegrated passive deviges (EDs) eh asindigtors

capacitors, and resistors, for RF signal processing. In one embodiment, semiconductor die 124 is a
flipchip typersemnicohductondie. or othan aleétrielllye corrdirctive dayies 1808 forneste 6ver active surface

130 using, P, (CYD,electrlytic plafing. elegiroless plating. process, or:other. suitable metal deposition

process. Conductive layer 132 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electricalRPcBhdRiEL & tatealC RPE6HE ERboRfiE ALY edndictivetayecE3Pexends abavé active surface

130 by 05cmicromgters (pm) o MQrg. Conductivedayer 132 operates gs cantactpads ejesirically
connected to the circuits on active surface 130.
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 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 bond wire 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

-10-



In FIG. 3c, an insulating or passivation layer 134 is conformally applied over active surface 130 and
conductive layer 132 using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 134 contains one or more layers of silicon dioxide (5102), silicon nitride
(SI3N4), silicon oxynitride (SION), tantalum pentoxide (1a205), aluminum oxide (Al203), polyimide,
polybenzoxazoles (PBO), polymer dielectric material, or other material having similar insulating and

structuraFpropefties. HEBRE enisbdiment, fisulstr RYer 54 ha8 B hickne &S gretBPthan 0.6 m. The

insulatinglayee 434 isnotedas having gdisst pertien d3daover astive surdace-13Q and,segend portion
134b over conductive layer 132. The second portion 134b has a high topology with respect to active

surface 130 dle @ fhe Confdtthal pplicatibrerinddating fyer 134 Vel LoAdudtiveTayer 132.

Accordinglyetfisutating laysicl3degensraty has andameves tepology e RoBplanarsustace. A portion of
insulating layer 134b is remqved to expos conduclgve laye 1%2, as shawn in FIG. 3d. A portion of
insulating” I%%?i@iﬁngmaﬁ Vet BondusivEage fSZI,{%EU% °the u%%@%!ﬁoﬁglgaﬁla? on-planar
surface of éinsitatinguayerldbckage, InEGe 3efablankebtempenary protedtiviecplanarizatiohdayer 136

is formed.over insulatin Iaé(er 134 and condyctive Ia}ger 132 while in wafer form usjré%s%reegcprinting,
. ilnterconnecte ﬁaﬁ:ka%@%. % ca)m ll’lll’lgq one or mo¥e semJ] n U.Cf‘. ﬁ

spin coating, spray coating, and Tammation. After depositing’temporary protective planarization'layer 136,

additionaptreatnyerst, svelras A4 expesuse landrieat processt ean beapplied to provede neeessary

adhesion and_meggaglcal prgggdgles. The tgm@gﬁargtp{otegtlve glanarl%gtlon Ia,é/er%:SL36 contains one or

more Iaygr]:seof%%otoregfg}tjﬁlqw goa:.LtPng material, dry i , pe)glilmee? fiiam, posl%%e? composite, or other

material Baving peopertes efn@'@fnpﬁalm:d‘eq Btrgettjt@sapp@m,qdladarimmi(ﬁphcbﬂfw;dhermal stability
under 110:16000 foc 5 fo 120 minutes, and easy siip after encapsulating process. Rrofective

planarization layer 136 is a temporary or sacrificial layer used to planarize the uneven topology of
insulatingF ke P 34 CPHE termparan? prbtectifersiananzetibniayert 136 fillslincaroung €% unevéreportions

of inSU'“Plel@X‘Eri%%‘ o nakea plagas surfage 133 Inqnecembodiment lemparan prplective

planarization layer 136 is 5 to 25 pm in thickness. In one embodiment, temporary protective

planarizafie R Yayt 1B6°covers tHel eftire s upfate o SeAficonduetoriRareFBe sdbstrate 120 without

patterning, including semiggndygtos die;124, and sawstreets 426 -as,shewn in FiGi 3k FIG. 3g,
semiconductor wafer 120 is singulated through insulating layer 134, temporary protective planarization

layer 136" Afd saiv stteetsiPBising Ssaw Bladeoraaderdutidg toof 187 imtbSfdRAd i Befficonductor

die 124. 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 can
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 or epoxy resin. The package body includes an insulative
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Alternatively, temporary protective planarization layer 136 is patterned to have trench or groove 138
formed over saw streets 126, as shown in FIG. 3h. The width of trench 138 (W5) is less than the width of
saw streets 126 (Ws), e.g., WT is made 10 pm less than Ws, with temporary protective planarization layer
136 overlapping saw streets 126 by at least 5 pm on each side. The width of saw blade or laser cutting
tool 137 is shown as dimension W. If a conductive layer 139 is formed over saw street 126, then WT is

made 1095 f&S 4RGN BAkH f thE \WidedEp&tibn ot coRduSiveBy&r 134 Mt EnBoraRpidtective

planarizagion dayerd36overhappingpconductive layes 489 hy-at leastparer eachsidgeen A laser

can be used to form trench or groove 138 in saw street 126 by removing metal, insulating material, and

base senTiGBHETAOF MLl With ‘2 7P4sBS Prie I'asepm%ﬁﬁ&i%é of the MRAIRAtiHG Material,

particulady-tor lew liglectkie gonstant feumatefiak which pan oseuri duringmecbaaicaldiging with saw

blade or cuttin% tool 137. The temg rary protective r%)Ianariza ion Ie\l%/gg 136 is deposited over saw street
C

126 prior't8 1&derexcitifior Brotective paratization faya? 138prBvidés %6t GSHvenient control of the
dielectricdbicknessfor atditiohal protectidncofsemicerdwctor die 124 in reliability testing. In addition,

temporary protective p rz ionmer 36 helps_to prevent the di shi& ?Q? flying die issue in late
encapsulating processL?r#@IG. %fc.l ulé’l%feantwﬁé?aw f)prco Sgtivdéeggﬁgrifa ion ay(glrIa 136 3%0%%& to
prevent wafePSarface. frodedicingrdust biastidg@antiddamage immedhanieal diengigrocéss. FIG.
31 shows an alternate pattern. of. openings 140 with.notches 141. In any case, tempor rotective
planariza%gﬁ ?gyearﬂS%g[ﬁ%tre%g the ker %86%/ olfﬁggrln?coan%%tsolr\aele ?%?ﬁ)ﬁ%hﬁ%’%fngaéﬁﬁ %:gacking, as
well as suppressitg metal bdeingiarrd-délamiiationcdlend sawistrest dAQ6raraddecdfithedie, during
singulation, .. . EIGS. 4a-4) lustrate, inJelation ta ElEs, 1 and.2asge. 3 Brpcess of foyming a
WLCSP with the semiconductor die having the sacrificial protective layer to planar uneven surfaces. FIG.
4a showslaporticredf sulsSirate i canidy 142 cohtdining tempobaybrishefficidloase matsrisfsuch as

steel, rop allow slicopy palymeraheniliuon.xide.o ot suitable Low-cost, Bald material for structural

support. An'Interface layer or double-sided tape 144 is formed over carrier 142 as a temporary adhesive
bonding fiAT&rREehIstESs [ayer. [ntchefermbedinteinr InterfacetRyer P44 K-therhalsiilight feleasable.

suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit can 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.
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Semiconductor die 124 from FIGs. 3a-31 is positioned over and mounted to carrier 142 using a pick and
place operation. FIG. 4b shows semiconductor die 124 mounted to carrier 142 with planar surface 135 of
temporary protective planarization layer 136 oriented toward Interface layer 144 and carrier 142. Planar
surface 135 of temporary protective planarization layer 136 enhances the adhesion or bonding strength of
semiconductor die 124 to Interface layer 144 by increasing the effective contact surface area and
minimizing™Yid PoHRG Petweén tie dirfacersfiemiddbndudtoraeiZA and IteREeE fayeF 144. Carrier
142 exterdg;heyond-thesdimensionsraiovavindrls dhrfopanafen-leyel andti-die attaghmeantaMany
semiconductor die 124 can be mounted to carrier 142. In FIG. 4c, an encapsulant or molding
compourtP 4 i EHobitéd over SEmitonductiriRe 194 AhdTREHARB 1ayEr 144°witlF temporary protective
planarizatiep dayer dB6preseniusing adiaste priatirg, T@npressive meldingo ransfep moldiag, liquid
encapsulaBt molding, vacuum lami atic;Ln, spin coating, or other su%t(able a%plig\%tor. Encapsulant 146 can
t

be polymRF ¥5mpdsits WASfidl, 8{ich 58 Bpoky résin Witk fillet “Spoxy ack ith Sifter, of Polymer with
proper filler.ipneapsolantd 46ds droacomduttive @n deerirome rdaliyhprote cis ¢he semiconductor device

from exterg%l Cﬁllgr{llegts an%gor%tra(r)nin%@ltg. sctiv In FlGl'cA'edé cg&riesr 1I§12car}1qjint%rgq:ce l?%f%'%%“’ are
removed%y C emlcalnet%ﬁ‘ing, mechanical pee -ofﬁ Cﬂ\ﬁlg, mechanicaFgrlné)lng,utﬁerma ake, laser

scanningt or weh strippingntotexqooise temperary protective ptanarizatienllayer 436ramd encapsulant 146.
The temporary_protective planarization Jayer 136 is removed by peeling, as shown in FIG. 4e.
Aot N ora P Hlaros ahor A T8 Lo pe e e GBon st (Dl water
spray and rinse bt hyssofentan chemidat strippife: T esnpordiynprote ctiviesplararizatioduayerr1 36 provides
a numbeytadvantagequs fpanyres for sericonductordie, 124, includipg reducing die-edgs ghipping and
cracking during wafer dicing, reducing flying die during encapsulation, reducing conductive bur formation
during wafer Bidihd: €asy coatréllaverdielecticithickhess tanberedlcing Bt damagetdrradtive surface
130 during wafsr dicing.. 51 ;18,2anpgher embodiment, continuing from FIG. 4d, backgrinding tape 150
is applied to encapsulant 146 and temporary protective planarization layer 136, as shown in FIG. 4f. A

portion of surface 152 bf &fcapstifant 14618 sémaved byyrindér 152%0 pfaratizé thd epgapsidant and

expose back syrface 128 of semiconductordie 124 Fempogaryprotective p izgtjQn-layer 136 is then
removed with backgrinding tape 150 after the grinding operation, leaving back surface 128 of insulating
layer 134°8% Eonddttive aydtd 39¢josed, Bs 3RBwhZEe @ semiconductor die and

protect a die edge during singulation. FIG. 3a shows a
semiconductor wafer 120 with a base substrate material 122, such
as silicon, germanium, gallium arsenide, indium phosphide, or
silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120
separated by saw streets 126 as described above.

FIG. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit

elements formed within active surface 130 to implement analog
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in FIG. 4q. In FIG. 4h, an insulating or passivation layer 156 is formed over surface 158 of
encapsulant 152, opposite surfaces 128 and 152, using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer 156 contains one or more layers of polyimide,
benzocyclobutene (BCB), PBO, low temperature (<280C) curing polymer dielectric, or other material
having similar insulating and structural properties. A portion of insulating layer 156 is removed to expose

conductive'fayBr 18207 d1IHhFGS U1 CHn efectiedlly bhditive Rer oF FetisthbGtiG? yer (RDL) 160

is formed ovgrinswating layend 26 and:condustiveslayek 132 tisingsa patiering-and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive layer 160

can be o€ B IBIETAEIS of AT C&, T, PIRFCE B NIt AUCAGIGASHEr Bafabid ®lectrically
conductive=material. (Condyctivedayerakb0i isclectteally cennectedtosgondugtive tayer d32, An
insulating_or passivation layer 162 is formed over insulating layer 156 and conductive layer 160 using
VD CVEP ot o, EHACERERG Sapray bbihg OGO ho fAl AR The TELIating
layer 1621containsoneldranatelayersofsaolyinvde, BOByr PBLX; low temperature (<280C) curing polymer
dielectric, or other material having similar insulati nd stryctural erties. ortion of insulating layer
16 12 remavadt o o B T e A R o
insulatioralayérs; nsayribe bailtlid as pendeBign, requitemehtsctrolyt e FG a4]i ap electrically

conductive bump aterial s deposited over.the exposed songlyetve layer, 169 HSNg A eyaRgLaton,
electrolytic plating, electroless p%%n]a, al
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. In one embodiment, conductive layer 132 extends above
active surface 130 by 0.6 micrometers (um) or more. Conductive
layer 132 operates as contact pads electrically connected to the
circuits on active surface 130.

In FIG. 3c, an insulating or passivation layer 134 is
conformally applied over active surface 130 and conductive layer
132 using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer
134 contains one or more layers of silicon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum
pentoxide (Ta205), aluminum oxide (A1203), polyimide,
polybenzoxazoles (PBO), polymer dielectric material, or other
material having similar insulating and structural properties.

In one embodiment, insulating layer 134 has a thickness greater
than 0.6 pm. The insulating layer 134 is noted as having a
first portion 134a over active surface 130 and second portion
134b over conductive layer 132. The second portion 134b has a
high topology with respect to active surface 130 due to the
conformal application of insulating layer 134 over conductive

layer 132. Accordingly, insulating layer 134 generally has an
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drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and
combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer 160 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 164. In some applications, bumps 164
are refloWeF 5 chAB HMRItO Miprof8 eidicdl coRtact i condudtive Taydt 160. ThebimhpsBan also be

compressigndendedio condestbiedayenlel: Biaps dbdepresent aRe typesof Intescaimest structure
that can be formed qver conductive layer 160. The Interconnect structure can also use stud bump, micro

bump, or'dthér&ectridal InfereBRme@” °F THB! 8sHoWs aNGther émBodiERSinfilaF o FIG. 4], with

shallow cavityi ot charneali7&forrped i gneapsylamcl4eunder conductive/layer 460 -aptdnumps 164.

The shallow cavit¥ 170 can be formed eliy Iaserf iging encapsulant 146 in FIG. 4d to a depth of 5-50 pm,

prior to réMovAt t& pé%sﬁﬁp%t%%ﬁv panarization layer 136. The shallow cavity 170 provides dumping

support in drop test (Dh)rangdtempesatuse byelingean theasd :do$ tettoShaltow eavity 170 also enhances

repassivatilon with instulatingllaﬁer 1 636 . FIG. 6 shows anoth embodirpent,rsiqf gr to FIG. 4], with
ie

narlizatlon ~la is formed ov nsulating. laye
shallow circfe cavity or channél’T72 formedin encapsulan?ﬁé’ around semiconductor under

conductiverlayer 160 and dumpsl 364 wHiel shalloweifele cavityn1¥2 tag becfosmedibyilasemdrilling

encapsulgnt 146.in FIG. 4d loa depth of 5-50 pm %{iolr 19 {%@QY%IIQ]C temporary pr toescy e lanarization

layer 136. The s%%?lgvlvnc?r’cle ?é‘\ﬁ%i/ ffZaBrloI\llgdesa umping support in DI and -2CoB test. In a%ldition, the
laser cantteimpedge 1 740f tercapsalant 446 araurid semiconeducto? die 242 irt Ei®.24d, prior to removal of

temporary protegliye planagzation {ayef 186, an'é'%gaﬁh%‘%égg@,er gmpadiment, similar to FIG.

4j, with shallow cavity or channel 178 formed in encapsulant 146 around semiconductor die 124 under
conductiveclager Y80 and s 164 Adriition, 3hdllow caviny 6pchaebd80is formethid encapsulant

146 arouad dhe edge of semicanchictqr die, 124 The shallaw caviies 128-80ican B forgjed by laser

drilling encapsulant in FIG. 4d to a depth of 5-50 pm, prior to removal of temporary protective

planarizafioh $ayetIB6S Thé shanbwcavities 1 781 880 pravide dumpiv- Support indDladd TCoS test.

polymer film, polymer composite, or other material having
properties of compliance, structure support, planarization
capability, thermal stability under 110-160°C for 5 to 120
minutes, and easy strip after encapsulating process. Protective
planarization layer 136 is a temporary or sacrificial layer used
to planarize the uneven topology of insulating layer 134. The
temporary protective planarization layer 136 fills in around the
uneven portions of insulating layer 134 to make a planar surface
135. In one embodiment, temporary protective planarization
layer 136 is 5 to 25 um in thickness.

In one embodiment, temporary protective planarization
layer 136 covers the entire surface of semiconductor wafer or
substrate 120 without patterning, including semiconductor die
124 and saw streets 126, as shown in FIG. 3f. In FIG. 3g,
semiconductor wafer 120 is singulated through insulating layer
134, temporary protective planarization layer 136, and saw

street 126 using a saw blade or laser cutting tool 137 into
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FIG. 8 shows another embodiment, similar to FIG. 4j, with shallow cavity or channel 182 formed in
encapsulant 146 around semiconductor die 124 under conductive layer 160 and bumps 164. In addition,
shallow cavity or channel 184 is formed in encapsulant 146 around the edge of semiconductor die 124.
The shallow cavities 182-184 can be formed by laser drilling encapsulant 146 in FIG. 4d to a depth of
5-50 pm, prior to removal of temporary protective planarization layer 136. The shallow cavities 182-184
provide dtipiNg SUpport FFBF aRdIO6D t@:ﬂt.eTﬁg frsulating layer 156 has sufficient thickness to form
dishing over shallow cavities- 482 wjthout fullyplanarizingthersibstrate surdace: Gondustive layer 160 has
a thicker dome-shaé)ed, portion 186 under shallow cavities 182 and 184. While one or more

embodimen¥<of the préSemIRvETtibTthave HEeiFillbSFARY iR detdiP e sKiféd HRigaRwifl Gpbreciate that
modificationg and-adaptations taathose @mbadiments. may be madewiithout departivgdrom tise scope of

the present invention as set forth in the following claims. Claims What is claimed: 1. A method of making
a semicondltibtor Het e ¢ tf’lnaprrlisﬁ'}b(? pwd\ftl iﬁg ng séiticofdnstor faf 6coﬂ’¥é>rﬁnge aplurallty &F

semiconaucier die sepataied byreasaw streetrh temporary protective planarization
layer 136 overlapping saw streets 126 by at least 5 um on each
side. The width of saw blade or laser cutting tool 137 is shown
as dimension We. If a conductive layer 139 is formed over saw
street 126, then Wy is made 10 um less than a width of the widest
portion of conductive layer 139, with temporary protective
planarization layer 136 overlapping conductive layer 139 by at
least 5 pm on each side.

A laser can be used to form trench or groove 138 in
saw street 126 by removing metal, insulating material, and base
semiconductor material with 2-7 passes. The laser reduces
cracking of the insulating material, particularly for low
dielectric constant (k) material, which can occur during
mechanical dicing with saw blade or cutting tool 137. The
temporary protective planarization layer 136 is deposited over
saw street 126 prior to laser excitation. Protective
planarization layer 136 provides for convenient control of the
dielectric thickness for additional protection of semiconductor
die 124 in reliability testing. 1In addition, temporary
protective planarization layer 136 helps to prevent the die
shift and flying die issue in late encapsulating process in FIG.
4c. A thick temporary protective planarization layer 136 also
helps to prevent wafer surface from dicing dust blasting and
damage in mechanical dicing process.

FIG. 3i shows an alternate pattern of openings 140

with notches 141. 1In any case, temporary protective
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forming a first insulating layer over the semiconductor wafer; forming a protective layer over the first
insulating layer including an edge of the semiconductor die along the saw street; singulating the
semiconductor wafer through the protective layer and saw street to separate the semiconductor die while
protecting the edge of the semiconductor die; leading with the protective layer, mounting the
semiconductor die to a carrier; depositing an enCﬁEHulant over the semiconductor die and catrrier;

removingPthRiGA&HP Protédtive 1ay&r: BRE T S fSintiRg a<5uiid-Goiffercbni& tRRAE Ser the

semiconductondie andencapsplaithy and cracking, as well as suppressing metal
burring and delamination along saw street 126 or edge of the
die, during singulation.

FIGs. 4a-4j illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a WLCSP with the semiconductor die
having the sacrificial protective layer to planar uneven
surfaces. FIG. 4a shows a portion of substrate or carrier 142
containing temporary or sacrificial base material such as steel,
iron alloy, silicon, polymer, beryllium oxide, or other suitable
low—-cost, rigid material for structural support. An interface
layer or double-sided tape 144 is formed over carrier 142 as a
temporary adhesive bonding film or etch-stop layer. In one
embodiment, interface layer 144 is thermal or light releasable.

Semiconductor die 124 from FIGs. 3a-31 is positioned
over and mounted to carrier 142 using a pick and place
operation. FIG. 4b shows semiconductor die 124 mounted to
carrier 142 with planar surface 135 of temporary protective
planarization layer 136 oriented toward interface layer 144 and
carrier 142. Planar surface 135 of temporary protective
planarization layer 136 enhances the adhesion or bonding
strength of semiconductor die 124 to interface layer 144 by
increasing the effective contact surface area and minimizing
void forming between the surface of semiconductor die 124 and
interface layer 144. Carrier 142 extends beyond the dimensions
shown in FIG. 4b for a wafer—-level multi-die attachment. Many
semiconductor die 124 can be mounted to carrier 142.

In FIG. 4c, an encapsulant or molding compound 146 is
deposited over semiconductor die 124 and interface layer 144
with temporary protective planarization layer 136 present using

a paste printing, compressive molding, transfer molding, liquid
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2. The method of claim 1, wherein the first insulating layer has a non-planar surface and the protective
layer has a planar surface. 3. The method of claim 1, further including removing a portion of the
encapsulant opposite the first insulating layer. 4. The method of claim 1, further including forming the
protective layer over an entire surface of the semiconductor wafer. 5. The method of claim 1, further

including forming an opening in the protective layer over the saw street. 6. The method of claim 1,
wherein foRmifStREBLild D itéldonNéG Sifliché ihdhdées), spin coating, or other

suitable applicator. Encapsulant 146 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 146 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 4d, carrier 142 and interface layer 144 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping to expose temporary protective planarization layer 136
and encapsulant 146.

The temporary protective planarization layer 136 is
removed by peeling, as shown in FIG. 4e. Alternatively,
temporary protective planarization layer 136 can be removed with
deionized (DI) water spray and rinse or by solvent or chemical
stripping. Temporary protective planarization layer 136
provides a number of advantageous features for semiconductor die
124, including reducing die edge chipping and cracking during
wafer dicing, reducing flying die during encapsulation, reducing
conductive bur formation during wafer dicing, easy control over
dielectric thickness, and reducing dust damage on active surface
130 during wafer dicing.

In another embodiment, continuing from FIG. 4d,
backgrinding tape 150 is applied to encapsulant 146 and
temporary protective planarization layer 136, as shown in FIG.
4f. A portion of surface 152 of encapsulant 146 is removed by
grinder 154 to planarize the encapsulant and expose back surface
128 of semiconductor die 124. Temporary protective
planarization layer 136 is then removed with backgrinding tape
150 after the grinding operation, leaving back surface 128 of

insulating layer 134 and conductive layer 132 exposed, as shown
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forming a second insulating layer over the encapsulant and first insulating layer; forming a conductive
layer over the second insulating Layer; and forming a third insulating layer over the second insulating
layer and conductive layer. 7. A method of making a semiconductor device, comprising: providing a
semiconductor wafer containing a plurality of semiconductor die; forming a first insulating layer over
the semiconductor wafer; forming a protective layer over the first insulating layer; singulating the
semiconddbtgrl\ﬁafeﬁhrough the protective layer to separate the semiconductor die while protecting an
edge of the semiconductorsdie;. 4h, an insulating or passivation layer 156 is

formed over surface 158 of encapsulant 152, opposite surfaces
128 and 152, using PVD, CVD, screen printing, spin coating,
spray coating, sintering or thermal oxidation. The insulating
layer 156 contains one or more layers of polyimide,
benzocyclobutene (BCB), PBO, low temperature (<280°C) curing
polymer dielectric, or other material having similar insulating
and structural properties. A portion of insulating layer 156 is
removed to expose conductive layer 132.

In FIG. 4i, an electrically conductive layer or
redistribution layer (RDL) 160 is formed over insulating layer
156 and conductive layer 132 using a patterning and metal
deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 160 can be
one or more layers of Al, Cu, Ti/Cu, TiW/Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 160 is electrically connected to conductive layer 132.

An insulating or passivation layer 162 is formed over
insulating layer 156 and conductive layer 160 using PVD, CVD,
screen printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 162 contains one or
more layers of polyimide, BCB, PBO, low temperature (<280°C)
curing polymer dielectric, or other material having similar
insulating and structural properties. A portion of insulating
layer 162 is removed to expose conductive layer 160. Additional
RDL layers, including conductive and insulation layers, may be
built up as per design reguirements.

In FIG. 47, an electrically conductive bump material
is deposited over the exposed conductive layer 160 using an

evaporation, electrolytic plating, electroless plating, ball
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mounting the semiconductor die to a carrier; depositing an encapsulant over the semiconductor die
and carrier; removing the carrier and protective layer; and forming a build-up interconnect structure
over the semiconductor die and encapsulant. 8. The method of claim 7, wherein the first insulating layer
has a non-planar surface and the protective layer has a planar surface. 9. The method of claim 7, further

including removing a portion of the encapsulant opposite the first insulating layer.
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 160 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 164. In some
applications, bumps 164 are reflowed a second time to improve
electrical contact to conductive layer 160. The bumps can also
be compression bonded to conductive layer 160. Bumps 164
represent one type of interconnect structure that can be formed
over conductive layer 160. The interconnect structure can also
use stud bump, micro bump, or other electrical interconnect.

FIG. 5 shows another embodiment, similar to FIG. 47,
with shallow cavity or channel 170 formed in encapsulant 146
under conductive layer 160 and bumps 164. The shallow cavity
170 can be formed by laser drilling encapsulant 146 in FIG. 4d
to a depth of 5-50 um, prior to removal of temporary protective
planarization layer 136. The shallow cavity 170 provides
dumping support in drop test (DT) and temperature cycling on
board (TCoB) test. Shallow cavity 170 also enhances
repassivation with insulating layer 156.

FIG. 6 shows another embodiment, similar to FIG. 47,
with shallow circle cavity or channel 172 formed in encapsulant
146 around semiconductor die 124 under conductive layer 160 and
bumps 164. The shallow circle cavity 172 can be formed by laser
drilling encapsulant 146 in FIG. 4d to a depth of 5-50 pm, prior
to removal of temporary protective planarization layer 136. The
shallow circle cavity 172 provides dumping support in DT and

TCoB test. In addition, the laser can trim edge 174 of
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10. The method of claim 7, further including forming the protective layer over an entire surface of the
semiconductor wafer. 11. The method of claim 7, wherein the protective layer has an opening over the
saw street. 12. The method of claim 7, further including forming a cavity in the encapsulant around the
semiconductor die. 13. The method of claim 7, further including forming a cavity in the encapsulant prior
to removing the protective layer. 14. A method of making a semiconductor device, comprising: providing a

semiconfIttGRdE - ftming 4 fitdtHatiigiiay_rovertthe hiicdiductar §igs- 4d, prior

to removal of temporary protective planarization layer 136.

FIG. 7 shows another embodiment, similar to FIG. 47,
with shallow cavity or channel 178 formed in encapsulant 146
around semiconductor die 124 under conductive layer 160 and
bumps 164. 1In addition, shallow cavity or channel 180 is formed
in encapsulant 146 around the edge of semiconductor die 124.

The shallow cavities 178-180 can be formed by laser drilling
encapsulant 146 in FIG. 4d to a depth of 5-50 pm, prior to
removal of temporary protective planarization layer 136. The
shallow cavities 178-180 provide dumping support in DT and TCoB
test.

FIG. 8 shows another embodiment, similar to FIG. 47,
with shallow cavity or channel 182 formed in encapsulant 146
around semiconductor die 124 under conductive layer 160 and
bumps 164. In addition, shallow cavity or channel 184 is formed
in encapsulant 146 around the edge of semiconductor die 124.

The shallow cavities 182-184 can be formed by laser drilling
encapsulant 146 in FIG. 4d to a depth of 5-50 pm, prior to
removal of temporary protective planarization layer 136. The
shallow cavities 182-184 provide dumping support in DT and TCoB
test. The insulating layer 156 has sufficient thickness to form
dishing over shallow cavities 182 without fully planarizing the
substrate surface. Conductive layer 160 has a thicker dome-
shaped portion 186 under shallow cavities 182 and 184.

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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forming a protective layer over the first insulating layer; leading with the protective layer, mounting the
semiconductor die to a carrier; depositing an encapsulant over the semiconductor die and catrrier;
removing the carrier and protective layer; and forming a build-up interconnect structure over the
semiconductor die and encapsulant. 15. The method of claim 14, wherein the first insulating layer has a

non-planar surface. 16. The method of claim 14,(¥\/lhe_rein the protective layer has a planar surface.
alms

What is claimed:

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

providing a semiconductor wafer containing a plurality of
semiconductor die separated by a saw street;

forming a first insulating layer over the semiconductor
wafer;

forming a protective layer over the first insulating layer
including an edge of the semiconductor die along the saw street;

singulating the semiconductor wafer through the protective
layer and saw street to separate the semiconductor die while
protecting the edge of the semiconductor diej;

leading with the protective layer, mounting the
semiconductor die to a carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier and protective layer; and

forming a build-up interconnect structure over the

semiconductor die and encapsulant.
2. The method of claim 1, wherein the first insulating layer
has a non-planar surface and the protective layer has a planar

surface.

3. The method of claim 1, further including removing a portion

of the encapsulant opposite the first insulating layer.

4. The method of claim 1, further including forming the

protective layer over an entire surface of the semiconductor
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17. The method of claim 14, wherein the protective layer protects an edge of the semiconductor die. 18.
The method of claim 14, further including:  applying a tape over the encapsulant and protective layer;
removing a portion of the encapsulant opposite the first insulating layer; and removing the protective layer
with the tape. 19. The method of claim 14, further including removing the protective layer with deionized
water and rinse or chemical stripping. 20. The method of claim 14, further including forming a cavity in
the encapféfi§ht-around the semiconductor die.

5. The method of claim 1, further including forming an opening

in the protective layer over the saw street.

6. The method of claim 1, wherein forming the build-up
interconnect structure includes:

forming a second insulating layer over the encapsulant and
first insulating layer;

forming a conductive layer over the second insulating
layer; and

forming a third insulating layer over the second insulating

layer and conductive layer.

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

providing a semiconductor wafer containing a plurality of
semiconductor die;

forming a first insulating layer over the semiconductor
wafer;

forming a protective layer over the first insulating layer;

singulating the semiconductor wafer through the protective
layer to separate the semiconductor die while protecting an edge
of the semiconductor die;

mounting the semiconductor die to a carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier and protective layer; and

forming a build-up interconnect structure over the

semiconductor die and encapsulant.
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8. The method of claim 7, wherein the first insulating layer
has a non-planar surface and the protective layer has a planar

surface.

9. The method of claim 7, further including removing a portion

of the encapsulant opposite the first insulating layer.

10. The method of claim 7, further including forming the
protective layer over an entire surface of the semiconductor

wafer.

11. The method of claim 7, wherein the protective layer has an

opening over the saw street.

12. The method of claim 7, further including forming a cavity

in the encapsulant around the semiconductor die.

13. The method of claim 7, further including forming a cavity

in the encapsulant prior to removing the protective layer.

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

providing a semiconductor die;

forming a first insulating layer over the semiconductor
die;

forming a protective layer over the first insulating layer;

leading with the protective layer, mounting the
semiconductor die to a carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier and protective layer; and
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forming a build-up interconnect structure over the

semiconductor die and encapsulant.

15. The method of claim 14, wherein the first insulating layer

has a non-planar surface.

16. The method of claim 14, wherein the protective layer has a

planar surface.

17. The method of claim 14, wherein the protective layer

protects an edge of the semiconductor die.

18. The method of claim 14, further including:
applying a tape over the encapsulant and protective layer;
removing a portion of the encapsulant opposite the first
insulating layer; and

removing the protective layer with the tape.
19. The method of claim 14, further including removing the
protective layer with deionized water and rinse or chemical

stripping.

20. The method of claim 14, further including forming a cavity

in the encapsulant around the semiconductor die.
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