SEMICONDUCTOR DEVICE AND METHOD OF FORMING SACRIFICIAL 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.,
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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

semicongugterrdevieas. iemaller deyices-typiealhs eensime lesspowerc 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 foatprint. by improvements in electrical
interconnection aRQ Packagihg aterials’ 1€ AlSernitBnad ?mea%rn Cortains Alurality of
semicondugtaradie Or components separatacyby asanrsteedt] Yhe semicondugteravdfee isssidgulated

through the saw street into individual Eemf'(cond ctor die usigg a.saw blade. or Iaser.cuttili ool. Once
. agsilive components. CK—en nurac rin invalve Sl u 1ln

smgulate%, fhe' semiconductor die"can Be mounted 1 a%emporary%arrler in order to torm a wf%l-up

interconnectistvuctueel for ecfanzout wafer levelichip dcatefpackage (FeTHLSRY Theesemieonductor 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 hetween the dieand carrier during Eh%@‘r;ﬂ',d"s!@érlt%qpn@éﬁ%ﬁ%@ﬁ&ﬁ%ﬁ%‘icocﬁ@i{?gB’e inone

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,

removi ngrﬁﬁ%?riéparﬁfﬁﬁo‘fé’&ﬂ}é%%r, ARG ¥Gfn ng HBEREu o} iritBrédnfiBet StRfctdRCGwr thé
semicongiictangie anshencapsulantlectrical interconnection and packaging

materials.

A semiconductor wafer contains a plurality of
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



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 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

encapsul@ht 65er tHESERcordiidrdie Ahd CHIIER réMBVInGRE caMisT Tk prbtedtve idyt, and

forming a/puild-yp iMerconpeet Sructdre @verthe seaieenductardie andencapsulant uat i ondn another
embodiment, the present invention is a method of making a semiconductor device comprising the steps of

providing"& §EmiconduE P tfe 1ORING T firsE instfathy I3PE Ger e S&fiicariiidist Hie, f6Hing a
protective.tayes ovear hedirskinsulading 1ayeinleadmngrwith thespratectivedayeare awiumingdhe
semiconductor die to a carrier, depositi

ng an encapsulant over the semiconductor die and carrier,
removing the Carfier affd B%té@tﬁ/eﬁ%gr’? %%HrfSﬁﬁné%éL%—/dfﬁp Iﬂﬁ@Fc%?ﬁ?’necltjstructlure over thle

semiconductor die and encapsulant. In another embodiment, the present invention is a
semiconductor device comprising a s§miconductq_=r %ﬁ anfinf‘i,rst i{:sulating layer formed over the

semiconductor die. A protective layer IS TOrmed Over the first insu %ﬁrr\lg layer. An encapsulant is deposited

over the semiconductor die. A build-up interconnect structure is formed over the semiconductor die and
encapsulant. Brief Des&rigt@ior&og@& ra ings rotect ch%'el iSIIuI%trg%ens uCP.COB ngediféﬁlrggtt pes of
packages mounted to its sur?ace; V\éﬁG% a-2¢ illustrate further dj(jtalFoFthe semlconaﬁyctor
package§mnmmhaiﬁpmmﬁm©8provide 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



FIGs. 3a-3i illustrate process of forming a protective 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 cav%;%rmed in the
encapsulahfovérthg B andbiFsps Snd BREAFSRarttRinPSfobRATAE SERficOhdRICHH diE: FIG. 7

illustrates,a Wk SPnwith shallpye cavities forsedh indhe eneapsulant oveithe R and bumps and around
the semiconductor die; and FIG. 8 illustrates a WLCSP with shallow cavities formed in the

encapsuldffand HIECRDL Gridferthe TafesIer, 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



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention
as defined®BPtheSPended BisiH i and télrdguivaléfts s Suppot@asy the Mllowing disclosure and
drawingssemi con&gatieenductorgryigas-aregeneralmaaytaciuredusing twe cemplax;manufacturing
processes: front-end manufacturin% and back-end manufacturing. Front-end manufacturing involves the

formation of a plurality 'of Afe off the*durtace 614 SEmicordue et Wwarer. Edthdie drithE vater contains

active andipassiveleelricalcanpenants,iwhich-are ¢lectdcally conneetegitodonn dunictipaal electrical
circuits. @ctive electrici components, such %,s transistors and diodes, have the ability to control the flow

of electrical Fitreht, PAsERE elBRfFILa cSHPOASHE such as capacitors, inductors, resistors, and

transformers, create a relatioriship between veltageiand eurmentnecessanyltowperformn:glectrical circuit
functions q Pas iﬁ/e and active components %{ae folg\ d ov%r the surface of the semiconductor
wafer by aseries o]frbroc&sesﬂgﬁ? F’n%lruadrllng %BSﬁwg, 8p05| |or?,np o%ﬁ%ﬁbo’graphy, etching, and
planarization. Doping iAtféducesiimpusities irte the BeABEONdUCtoranatesial by technigues such as ion

implantation,qr. thefma) difusion. The doping.progess meclfies theslectical qanductiviy.of semiconductor
material in activé devices, transforming the semiconductor material into an insu ator, conductor, or
dynamicallychasigirrgnthetsemicenductor materiadcondoctivitydm relsponse to an electric field or base

current. Transistors cop@'ﬂ re7gi9qsigfsxé_%rgi{lgstyge%g@ggeﬁﬁ%s gfh%qﬂigg] agggggq 2s necessary to

enable the transistor to promote or restrict the flow of electrical current upon the application of the electric
field or basgvgdentn the epngipsahdpassivercomsoritdits arsifopiiedhyalagesrofunatetiafs with
different elegtrical propexties; iihe 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

vapor deposition (CVD) [physfcal Yapsitdepssitioh [PDY, electolyiieeplating, @idiélégfoless plating

processeg,Each layer is,generally, pattermned toform pogtians; of active companents, passive components,
or electrical connections between components.

Detailed Description of the Drawings

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

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

back-end manufacturing. Front-end manufacturing involves the



The layers can be patterned using photolithography, which involves the deposition of light sensitive
material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a photomask to the
photoresist using light. In one embodiment, the portion of the 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 UTifa $68Rerf, expBsingPorfisnSdf theurierlyiky 18y ¥se Battérned. The remainder of the
photoresistisiresues: eavingbehind @apatterned dayer nAlteraatively csare types-efimatesials are
patterned by directly depositing the material into the areas or voids formed by a previous depaosition/etch

Y
process BERG techniquestsuchas EREROIRSE B dBTSlyfd BlafingSt* * 2 1DEpGSHRG Gthfh film of
material everf-existing paternican exaggerale the undedying patterwand cseate iacaan-uniformly flat
surface. A uniformly flat surface is required to produce smaller and more densely acged active and
passive COTBOHEHIE PlaRBI R carBE hSL 16 reRav MEIaiTal fRAHH the SarfAGe Of he wfer and
produce aamiformlytftat saiface.d?lanaszationdavolves petishing taes surface=obiherwafer with a polishing
pad. An abrasive m%terial anc%lcorrosive chertnical are agdeg to the surfacetof the Wafﬁl‘ during polishing.
The combinéd mécharfical action of fiié abrasive dnd COrfosive attion of the chemical removes any
irregular topogsdphyneesulting spd endormsly flat sudace bet wedBackedrich granufattanimy eefers to
cutting or_singulating the finished wafer.inta the individual die_and then.packaging the die for structural
support a%%cegﬁv%l%rr]%r]etn?afplgs%?aﬁ%ﬁ. ﬁ%)es%d:u]lgtaegth%ldrlg,utﬁg v%g er i%ls%%?éd and broken along
non-functional regions o tvel waferrcalled Saviestrasts on sorilve st Thefwafee ds singulatédtusing a laser
cutting togl.pr-saw blade. After singulatian, the. individyaldie are.mopnted.to & package substiate that
Includes pins or contact pads for interconnection with other system components. Contact pads formed
over the s@micondnetof dicl ae théarophedted, tordontact pads it the packaied Theredectrical
connections.cay) be mads,with solder bumps, stig-bumps, condugtive paste, of wirebonds. An

encapsulant or other molding material'is deposited over the package to provide physical support and
electrical SSBlatoR e ffisREd packdge s thes MserterSnto &R efcttrical sySterrand tefurefionality of

the semigandugtor device,is made ayailable to the othgrsystep,eompanentse e1ectklG gl lllustrates
electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of

semicondiiterisackages mdurtel bRatostitate. Bld@romic dévicé 5bican Kisvelsiistype of

semicondycierspackageq ok Mwltiple, tvpesof septicanductar-packages sdepending es the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electroni€ d8%ite B0 car? be <taRd-afonk’ sydtemdhatuddetheSenicBAdGHEF pddkayesad perform one
or more eleefsigakfunctigns. Altesngiivels electonicdevdee b0 candieja subgemponant-efra larger system.
For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video car& B3VES Ot otREE&Lr e tBRHGHic¥ion d8dce YRt nafively SEEEFSNie Device 50 can be
a graphicsqardgnetwosk trierface aarck ok othertsignat pracessing eardribatsean-be tnserteddnto a
CompUte T SN GlOr PCkage e e O e SO e MIeS, b1 i cat fon

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, scseest priating, 9 othertsuitable metal dleprsition pracesss Signal traces 54
provide for electrical communication between each of the semiconductor packages, mounted

componehits Ahd'OtRer Exidrmidl Sy SRt edmboRefts. THEs S48’ prividB Hower Hnd §rodnd

connectignsotoceachi efthe sesticanduciorpackagede pattelirsame emhedirments, asemiconductor
device has two ack?%ﬂq{levels. First level p ckaginé;ﬂis 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)ygl‘w%%veitsherflrs'ED Igvgl %ac.ka ing Wh(ire the die is mechanically and elec%rl a}llg/ _mounted

directly to “For e pl‘j’rlprcl) eof fifustra |8h, see%?éf’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

embOdi”&?ﬁ%%‘h@{@%‘i‘ﬁ}?'e%ﬁﬁé‘?%&&e%ﬁa?@%’fiQXSCOM”QQQP&QMHOE%/S%WEC&BQ%%‘OV ,
packages over a smgle substrate, manufacturers can Incorporate pre-made components into electronic
devices &RPSystémEg the material into the areas or voids formed by a
previous deposition/etch process using techniques such as
electroless and electrolytic plating.
Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. 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



Because the semiconductor packages include sophisticated functionality, electronic devices can be
manufactured using cheaper components and a streamlined manufacturing process. The resulting
devices are less likely to fail and less expensive to manufacture resulting in a lower cost for consumers.
FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a illustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 includes an active region containing analog or digital circuits
implemenite8 R d@e delites! Passite Gebicts siduchife 15/ErS, artl dieRicHit RYErsYorhgl within the
die and ase electicallydntereonnested-accasdingde the elegirical designeef the wies thasexample, the
circuit can include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsoFrh&a Withir tHe é“\’@trfv%rrebrcbnséfr%%iﬁéﬁgudﬁﬁ&fé 74. CoHiAct PHds' 76 afe°Grte 8F more
layers of senduati@anatexiat,stich iascalueniiwn (Ath<oppeh (Gd)asin (8hy niekel (N)ngeld (Ag), or silver
(AQ), and are el ctricallg ?%onnected tq the c,ircug eéements formed within s%mico(ydu?jtor die 74. During
assembly*oPDIF 84 sémicdhtibcRr ik 74 id'modRfed A intérniddiate Carfid™ 78 t€hg a gold-silicon
eutectic layerarcadhesiei materiat such as theyral @poxyas €poxy sesin Chine packageikody includes an
insulative_ packaging material such.as palymer or ceramic. Conductor leads 80.and bond wires 82
provide cISAIEAl 1Nt onribet BlGen SEricohdicior Bie-74 And PCR 52" EndapSulaat B4 1 deposited
over the packageifoh énvirbrrmentak prstectidrhby preventing aoistuneand panticles: frobeentedng the
package and.contaminati le 74 or bond wires 82, FIG. 2b lllustrates further detail of BCC 62
mounted%}]ggcéog‘g %rengi%crgﬁgdctg}: 8.‘% B IS mbuRted over carmiar 60 Ss’ing(;j ‘an'Unc e%?f(ﬁpérsépoxy-resin
adhesivefmateniah 92 uBend wires @Zhgrovide fifsthievebpackagingt interepnisedtdetween cohtact pads 96
and 98. Molding compoynd, gt ancapsulant 1005 deposited, gversericondyctpt. die 88 and bond wires
94 to provide physical support and eléctrical isolation for the device. Contact pads 102 are formed over a
surface of PCE 52ishwfaRaitilblemetal depositiors proceds Such agreledtrsiiic plating v? efsttroless
plating to_prevent.oxidation; Gontact,pads 102.are glectygally.connegted ta.one o 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 52vailablp F5 te sehticsndricicrdie G818 PiGHtEd face down to intermediate carrier 106
with a flip chip style firgtjevel packaging.-Active tegion 108 of semicondusiordig, 58 coptains gnalog or
digital circuits Implemented as active devices é)assive devices, conductive layers, and dielectric layers

formed a€€6r€?r?gﬁo%ﬁ€%¢é&ﬁ€al%sﬂjﬁ8ﬁﬁ dfie Tt éxaniie StheF&re Lit tanhElideé one or more

transistors; diogles  Indyetosscapaciars; sesistors and-otheneireuit @gments withinactive region 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
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,



BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the device. The flip chip semiconductor device -El)rovides a short electrical conduction path from the

active de¥iiBsS UriderfitonBG&tor die 581666 off traicks oh BEBE2)in orderfo fettics Sidgival
propagation:distanee rlower eppasitances and dmprave-evarall gcuit performranae i another
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flipXHip- S ST Vel packlyifg AithbuCiRterFEBREE Tahfer 10671217 F1@5 194 31 ustrate, in
relation ta&1GaLl asdZar2ea process o farming adempoeary pretegtive layes oper ar wppyenl insulating
layer to planarize a semiconductor die and protect a die edge during singulation. FIG. 3a shows a
semicondiictor rafd 156 with 4 Base scb&liate MateHaT 123 SUcH RS SiHesh, derariim g
arsenide piaditwa phasphide corasilicanvearbicgh far structural;support. A plurality of semiconductor die or
components 124 is forTed Wa13$’r 1&9 seg)éalratedv_b%/ saw streets 126;358 dg%%rirbaed ahove. FIG.

G. . d t .
3b shows a cross-sectional view of'a por%on offsemiconductorivarer ach sémiconductor die 124

has a back surface 328 andractive surface 430 containing amadaghordigitalfcitduits Implemented as active

devices, pagsive deices, conduetive lavers, and diglectrig layets formed yithin the dig andelectricall
Interconnected according tothe electrical design and function of the die. For example, the circuit may
Include oheasranoreétransistors; ot esy and otiserrdirctit elementsforméd within activeCsurface 130 to

Implement.analoq LltGLILs Of digital ¢ireuits, SUeh gsigiig;ttaigiig,naggreocc:_g;gqre@ss@lg@ilgg[nemory, or

other signal processing circuit. Semiconductor die 124 may also contain Integrated passive devices
(IPDs), sdeir asinduciors; eapacitors dreiresisicrabior RESighafpioeessingnincaecembodiment,

Senﬂcom@%@%&ﬁegggﬂé§i@@C@P5W¥a§e@g¥wgygggp¥%al communication between

each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
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-



An electrically conductive layer 132 is formed over active surface 130 using PVD, CVD, electrolytic
plating, electroless 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 electrically conductive material. In one
embodiment, conductive layer 132 extends above active surface 130 by 0.6 micrometers (pm) or more.
Conductive layer 132 operates as contact pads electrically connected to the circuits on active surface
130.  FCBIpEiG. BERFNSOIALHG OF paSSivANGH et 34 i< EBWOHRally BFpIied GVt Hctioe surface
130 and eendustive dayear dS32-using PV, £ VDR oseregn AEnting £$pin cpatinghispray ceating; sintering or
thermal oxidation. The insulating layer 134 contains one or more layers of silicon dioxide (5102), silicon
nitride (SI3NI4)" sifit6n %%fﬁﬂ?dg(%@h)%ﬁfﬁaﬁflﬁerﬁa%ibés(iaﬁﬁs)W%Hmiﬁﬁmo&iﬁé (AI203), polyimide,
polybenzexazales (RBO}peiymen diejectde materialhaeothes mategalthaying similag énsulating and
structural roggr,ties. Itn one fmbodiment, [ sulatingélqyer 1:1/4 as a thickness greater than 0.6 pm. The
insulatinge?‘étl?/ 1327 Roted a8 aViig & firStportion 1348 Dver attive Sdfsce 130 5iG seond portion
134b oves @anductivedayer b3z:-KEweesecandlportioh d34britasa highttepelogy withrrespectitolactive
surface 130t%urecto trr?g cggéormaé]ggﬁggation]sof iré%%%tirgglaé(er r11(:;>4 Sver 8gnd%céi%/ecla¥le({ 1 Zér
Accordinélrf/, msu%rflngﬁayer 154 generally has anuneven t p&ogy or non-p?anar surface. A portion of
insulatinglayer §384b is/remevetditocexposelcondactive layen 132 tas sliowr imFIiG.c3d: o pertion of
insulating layer 134b remains over conductive layer 132, causing the uneven topology or non-planar
surface % Jfr%sur[]éatléheg Ig%np f&fnts m%ﬁ g.e%e::z(sljItl)lladnk(gﬂfelmSgra(‘?'lf/1 grosté/gt?\%mp%énarization layer 136
is formedBeverussulating yel ¢34 dndtcondoetive ayer 182 Wwiile in avdfesformadsiadg screen printing,
spin coating, spray.caating, apd laminatien. After, denositing femporary-protective plangrization layer 136,
additional treatment, such as UV exposure and heat process, can be applied to provide necessary
adhesioncwhpeehanicaPpropertiesiFhe tefporary prekclive planakizator |ayer 186 Tontaifis one or
more layers.of photoresist,liquid coating.material, dry film, palymet, film; palymet. composite .oy other
material having properties of compliance, structure support, planarization capability, thermal stability
under 110218000F6F5%0 120thihtfes, Bhdeasystip aféferCipstfativigsroeess. Protective

planarization layer 136;i$ @stemporaty Qipsagrificiahlayerysed to planarize the yaevenstopology of
insulating layer 134. The temporary protective planarization layer 136 fills in around the uneven portions

of insulatinglayéf134 o' iaka e plahsr stface 835 1k dive emhbodiétt iehfisbrary profective

planarizagien Jayar 36t 5 19i25 pm inARICkReSS. an act IR One&mbediment Jemperaryiotegtive
planarization layer 136 covers the entire surface of semiconductor wafer or substrate 120 without

patterning FinSit@iig derficbRtdCtdr SPTENERE LAWStréets 198, 48 ¥A6RA in BIE S3ffn FIG. 3g,
semicondustarcwafer d20ds sinpudated freygh dnsulating layer 134, 1tethpeosanypratective planarization

layer 136ﬁ ggd dsiagv Ztg%letalrzg lésllg% ?rsiag\é li)lflde,or laser cuttingctool 137 into

y 1lnterconnected 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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individual semiconductor die 124. 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 formedPE\VEr AW Str8&t 6! HerP W isTmale 107 16s thahE width of tiEWidest poftihtof
conductivenlayar139.nuith tersporapy pratective planarizationilayerk36-everapping earductive 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 removiiy metAiHsbiRting atbfiaf Hhddse semicBREGESH ridtdridl With™2- 7555355 Fhe laser
reduces eraskingrof the msaudatingonaterial, partieilady fas tow sligleetricispnstast €eanaterial, which can
occur during mechanical dicin v,vitisaw blade or cutting tool 137. The temporary protective planarization

layer 136118 depobited BVersaw Street 136 Brlortb labar dx itatioR 2Brotectiva Slanarization layer 136
provides farrconvenient cgntidleof the dielectrid thickreaesssfor additional protection of semiconductor die

12_4 in reliat_)ility t_es_tingF P?;adgikt)iog1%@&0@@/8@0%%0&/% %aréﬁrjczgti?qé%yeéc’lc366r}elg§j t% E[Eec\l/ent the die
shift and flying die issue’in late encapsulating process in FIG. 26 A thid temporary préjtectlve
planarization#ayrer 36 alsehelpsitdpreventdnafeB Surfacenfromcdidingvdust béastingrangiddamage in
mechanical dicin%gr FIG. 31 showsé an alt rnate pattern gf_ﬁoggniggs: 148&/\{{%1[1 notches 141.

QGeSS. 111 N
In any ca%g,l t%(?:npora}lynpreo?ecltlve Bfén%ﬁ%ﬁ/onr%yépl protects the kerf edge of semiconductor die 124

from chippingeand éracking, @s wWelkas suppressingahetal barringtard-delaaritatortalong saw street 126
Oredge(gég%ggicwgggS%@QEWPQ%L Molding compound or encapsulant 100 is

deposited over semiconductor die 88 and bond wires 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

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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FIGs. 4a-4] lllustrate, 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-stogager ¥ oheenmbstiment, Infetace Tayet 144 iSTREMAITT liGAt FeteAkble. Ve
Semiconduefar dieck24-tlemehlGsh 3acl isppasitieneghovainghnd mounteglitg:carrierikusing a pick and
place operation. FIG. 4b shows semiconductor die 124 mounted to carrier 142 with planar surface 135 of
temporary Protedtive piaharizafio Ry/er 196 SrBREt fdwdrd TEFREE 1&/Er 144 %nd carrier 142. Planar
surface 135efdemparary frotestive planatization layep 2 36:emnhanees #e adiresion prbeondieg strength of
semiconductor,die 124 to Interface |layer 144 hy increasing the effective contact surface area and
inimizing Vid Forming Bk Ger b Surface aF SemibBRAdeoP e 24 SHT IMEAGE fayef 134, Carrier
142 exterids peyondthesdimensionstshowrenil&. dbdot davafer-lavet multi-dietattachment. Many

semicondyctos die 124 can be moynted to camier 142, o I1FIS: 46, an encapsulant or,molding
compoundO t46's dLeposﬁe over Semiconductor die 124 anﬁslnterfaceITayerri with temporary protective

planarization dayetd36ipresemtausing arpadid pfifting, conpressive nealding, tragsfet molding, liquid
encapsz'l'gg'gj mgldé@g,o\ﬁacgggjtggncinati% wsg}n 8%at(i,jn , Or o(t:heer sauri{[gbllema Ipoli\ggtoor. Egcazlamsulant 146 can
be polymer cgm%osne material, such as epoxy resin Wltthafﬂler,'epoxy acrylate with ¥iﬁer, or polymer with
proper filler rEmcdp sedant d4Bas pencorductive Eneire vivopdiartally, protects ¢me semibordactor device

from exteynal elgments and gantaminants, , o,q I EIG- Ad, cafer 142 and inferface laye, 144 are

removed by chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser
scanningt or wWeBskippirgytodexpbse temporarypretetiive plarayization idyee 186 danttércapsulant 146.

The temporaty, protective planarization dayer 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 sohf&ht of @heérical stipphtg: Temporafy! protectiveplar&izatibndager2E36 provides

a numbep of advantageous featurgs farsemicenducior die 124, includipg reducing dig.edge, chipping and
cracking during wafer dicing, reducing flying die during encapsulation, reducing conductive bur formation
during wafef ditihg: 'e2sy Tonttel dverdielbbtric thitRResS ahdSeBleRgst danfate Gi'dctive surface

130 duringwaterdiGingiie 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 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, !eavin,gaback surface 128 of insulating layer 134 and conductive

layer 132°&X505k0° a8 Showr HifRIGE WgtU TS T B1G 24h BrPihsalating OF pasSvafisr ffyfer 156 is

formed overssyrfacesta8 ofencapsylait 162neppesitensurfacesdedsand; 152 using PVD, CVD, screen
printing, spin coating, spray coating, sintering or thermal oxidation. The insulating layer 156 contains one
or more 13585 St BORimide, Benz %fcl&?l}‘[eﬁé TBCBIPBO 10w IEHpaaTiteR2 286 curing polymer
dielectricderathes matenal)having-similar insulatingrand stayctural preperties. A pottionoefdnsulating layer
156 is removed to expose conductive Jayer 132. In FIG. 41, an electrically conductiye layer or
redistributidh 1aYer{RBLY 16018 {6riTed dver inSuldiifg FAVRr 158 AR coidlictivs Tayfer T@Z%ﬁng a
patterning andimetal depesition ptogess stieh @sneMBr €V D isputtering, electrolytic plating, and
electroless plating. Co{r{lductii/ecl%@lr 16J[Olcan gegne or mor. Ia¥ersl%ffIBCufT¥Cu, T1W/Cu, Sn, Ni, Au,
c afectr

Ag, or other suitable e ef:ltri%aﬁy conductivé rﬁa{érlgf%ovn%ucﬁ\\{e fayer 60s (lac%ll?/%%ﬁnected to

conductiveclayerl32rface 1AM insslatingFoipassiiation layerrdblRyis formpadh overinsulating layer 156
and condugtive layer 160 using PVD, CVD, screen printing, spin coating, spray, coating, sintering or
ef: %r3$ lﬁﬁ%ﬁnﬁwgfig SS, “Or oghé% §hl a%iél?g£ il %%pﬁ%#%#%&DJOW

thermal oxidation. The inu ating contains one or more layers of polyimide,
temperatRreo289C) curing pohyitier dieleetric, ©F otizer materiabhavingsimildransulating afd structural

properties, A poftion,of insylating layer 1621 remayed 19 exaqse conductiys layer 4,60, Additional RDL
layers, including conductive andinsulation layers, may be built up as per design requirements.
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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In FIG. 4], an electrically conductive bump material is deposited over the exposed conductive layer 160
using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 160 using a suitable attachment or bonding process. In

one embBdRER, theUrRE ateridi s TelGHed by FeafRG the MatéTdl Sbove ftselting pbilt to form

sphericaliballsor fnumpsi 164-dnseae applications, kunps d464-ase reflewed asgcand dimeto Improve

electrical contact to conductive layer 160. The bumps can also be compression bonded to conductive

layer 160" BUMSE 164 représEmidne’ypalof tRRRISHnE e sttddttre ﬁ%\%)%aﬁ BeFortiied 6ver conductive

layer 160: dhedbtereennec structiipe can aisodse: sktlduisme nmicse dusp; os othesreleatrealr

Interconnect. hows anq(t)her emfg) iment, similar to FIG. 4], with shallow cavity or channel
e

IG. 5
170 form%ﬁ%ﬁ(@aﬁs{l&ﬁi‘c‘l (Md&F comitibtive’ fayer 160 and bumps 164. The shallow cavity 170 can
be formed by laser drilling encapsitgntd 46liarH et 4ddowodepth ob beB@ pmi peior to removal of

temporargrfrotectlve ;E)Ianarlfatlon Iai/ %115@ he shallow cawtynglq %%desldumgl%sélupé)r%t in drop

test (DI) d {learﬁpl)ezr% ulr(cjencyciallﬁ]g(ge on".toctno " oS tett. §ﬁ7§f6wlcaV|ty diso ehhances repassivation

with insulatingyayerib6l ayer 1FIGwh shewsranotierrembodiment rsimilar teell G ] pwith shallow circle

cavity or che%rﬁneclol?g.formed in engacosauée__}rrllt 146 %rgupdrgerrlnai%onducto%(%ig 124d.1ndesrlc€£1ductive layer

160 and ngps 162, Thé shallow circle cavity’172 can be formed By laser dﬁﬁinge&%apsulgﬁt 146 in FIG.
4d to a depthrof’5:50 ppy,prior td yvempvalref tempbiary preteetive planasiddtidn fayet 136. The shallow

circle cavity 172 provides, dumping sépport in D) and,;:2CoB test, n addtion.the Igser ¢an trim edge 174
of encapsulant 146 around semiconductor die 142 in FIG. 4d, prior to removal of temporary protective
planarizationayesf 186, necessary adhesion and mechanical properties. The

temporary protective planarization layer 136 contains one or
more layers of photoresist, liquid coating material, dry film,
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. 7 shows another embodiment, similar to FIG. 4j, with shallow cavity or channel 178 formed in
encapsulant 146 around semiconductor die 124 under conductive layer 160 and bumps 164. In 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 Blanarization layer 136. The shallow cavities 178-180
provide d%ﬁé@ﬁﬁﬁoﬁ?ﬁlb?%ﬂgqﬁzﬁéfté&e 124. F|G. 8 shows another embodiment, similar to FIG.

4j, with shallow cavity arehannet 182 formedinencapsutant 146 aroune semiconguetasdie 124 under

conductive layer 160 and bumps 164. In addition, shallow cavity or channel 184 is formed in encapsulant

146 arouhd¥Aé& edg8 of SeRidordueit die 154 Fhé SRAMSW Ravities 188- 184 cdrP bB F6rnt by laser
drilling encapsutantd46 in H4G. 4d taadepth of 560. pranhpriorriedemavah obie mperanhprosective
planariza shallow cavitie ort in DI and TOoD test. The

_ _ Eion layer ?éGSS.STh low 18 -1§4_ rovige dumpi g supportin | _
insulating Y&Ver%%G as’s eﬁ88m tlﬁ?ck‘ﬁégg?o form 8|‘§hﬁ§ Sver %h%ﬁow E&?/]tres 162 without fully
planarizingathe substrate sgdace LondyctivetdayerchGibhas a thickeedamesshapedpotrtiert 186 under
_shallow él/itie]? 12\83 arg)d 1841.aL in Whi‘INe Qne or jgnori fgn%)odimtenase%fstjge re%e_n(;[riln\éentign have been
|IIustrate§Tfimy détai , t%e sKiiled frﬁsaﬁwﬁﬁapprema?e that modifications and a ap%atmns {0 thase
embodiments=mayiemade without slepakihgdeomthé seepe ofitheiprgsentihvétionias sebfonth in the
fOWNNMgé%Mg@%é%gE%% 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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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

semicondUid@dPdieZ 2t 18adihg¥fith thePprotettive tayer motiting T SeMicotieistor Mk to-8 Carrier;
depositingian encapsdiant evephensemiconductok diggndigarfiel;l 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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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 wafer.
encapsulant molding, wvacuum lamination, 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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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 coﬁﬁirﬁﬁ&a pzlll?rality of semiconductor die; forming a first insulating layer over the
semiconductor wafer; 1n 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 (<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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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. ,
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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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 £ESHEIH 1RE Enc4ps A EIGuRGTHE SEMONUCEST Yid: 423 7 Thé Methddlof BRI, further
includingderminga,cavitydn theyepeapsulantqriorte vempvingdhe pretestive laysr. Ik A method of

making a semiconductor devige, comprising. provicing a semiconductor ey o r1c. 45

. ’ < 2]y
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 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.

Claims

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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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 in?fl%ﬁﬁi@'removing the protective layer with deionized water and rinse or chemical stripping.

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.

—-23-



20. The method of claim 14, further including forming a cavity in the encapsulant around the
semiconductor die.

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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