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

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%kﬁrﬁdﬁgétao 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 Desgription ol the IPWINOR. o o o+ FIG.T JMRYRISRA PCR With Jifgreqtypes of
packages mounted to its sur?ace;
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



FIGs. 2a-2c illustrate further detail of the semiconductor packages mounted to the PCB; 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 andBtfinp&Ctect Gl 8Yiffdstidte S SRAVEESP Wi aSSHaHoR G- cavit ormBd 1 the
encapsulgpteverthe R Dl apd s and epeapstbantibgvarognd the semicengducter die;

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 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



FIG. 7 illustrates a WLCSP with shallow cavities formed in the encapsulant over the RDL and bumps and
around the semiconductor die; and FIG. 8 illustrates a WLCSP with shallow cavities formed in the
encapsulant and thick RDL under the cavities. 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 thY5&st W&de foF aeRAY theSHYEIgHS dBjéRlive<L itwift be dffteiated by those skilled in
the art thatihiscivtendedds cover alternatives daodifigations; gadegrivalents agumay berincluded within
the spirit and scope of the invention as defined by the appended claims and their equivalents as

supported by the folloWing Yisclsurd ahd dtaWifgsS @ PrOSefficSHductdrddiices degenerally

manufactuted using twencormplex Mmanufactring proeesses: fsentrartd manufacturirg-and dack-end
manufacéﬁrin . Front-end manufacturing invaglves the formation of a plurality of die on the surface of a
semicon Fwafer PEALR Hie% efﬁ%%ﬁfé?%%ﬁ%ﬁhs active and passive electrical components, which are
electrically connected torfermFundtionat electricad circudite Active etecttical tompomnentsy such as
transistorg and %iodes, have the abilitX to control th% flow_of electric%l current. Passive electrical

rmed, In the %nca$%y %nt oveﬁ hemg 1, an unmps; . .
componen?s, suchas capacitors, inductors, resistors, and transformers, créate a relationship between
voltage and current neEa@ssary ta péretm &tectrical EirCaie funictions. shallow circle

cavity formed in the encapsulant over the RDL and bumps and
encapsulant trim around the semiconductor die;

FIG. 7 illustrates a WLCSP with shallow cavities
formed in the encapsulant over the RDL and bumps and around the
semiconductor die; and

FIG. 8 illustrates a WLCSP with shallow cavities

formed in the encapsulant and thick RDL under the cavities.

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



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

the semidstidittorHatetiafcordtictivity i Rspdhse 88 ah&feciie fieldorBase current. Transistors

contain regians ehyarying-typesand degiees af doping afangedas negessanstoenable thextransistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.
Active arffSassiVe Eorfifonerte hré FOMMEERY fayebd df haterfals With différaht 81eCHIVat fiotferties. The
layers canderiormeddryca variety of tleposition 1echinigues determinethia parthy thiectype of material
being deposited. For example, thin film deposition can involye chemical vapor de siion §CVD), physical
vapor deBERaH TEEY, SlESRolfti biatiRg e Bibctbiost HTality procEsses Exthihyeris ganerall
patterned-tenformipartiens obactive conepanents,lpassites components] o etectical tcoanections between
componeg(t)s. onen STheSIggﬁrs %ancge ga’&t%nred us.irrII%1 th%)}ighogrr%psr% "%@iCh ina\llrtl)(ljves the deposition
of light sensitive maFerfaI, e.g., p%otoregisf over tHe Ilayer tobe patterned. TA p§tfern is transferred from a
photomask tonthiecphstoresist wsigelight rlalernei embbdim ért - thesportion of the photoresistepattern
subjected to light is remaoved using a sglvent, expasing portians_ of the underlying layer to be patterned. In
another enrﬁtgoe%rsnaer ,t e &?ﬁ?ﬂogp th%(ipehco%rle%las% p%%tgrcnurl%t gﬁ%?&?tég 0 light, the negative photoresist,
is removed using a solVents exposing paftioriscofthammderlying dayeriobraphtteraed.tTise remainder of
the photoresist istemoved, leaving hehind a natterned layer. Alterpatively, sqme types of materials are
patterned by directly depositing the material into the areas or voids formed by a previous deposition/etch
process using tebhmigusucty asleleeiolessanddledtediytidplatinghy . et cbepesitiag @ thin film of
material gyl xisling patter. panexagoerale. e undepiving pattera apd cregte a non-uniformly fat

surface. A uniformly flat surface is required to produce smaller and more densely packed active and
passive COTAPGITEHIS laRafzatRRcah BY uSed 16 ieibve RtterialSror the Bidfade efthierwafer and

produce @ wuiformly flat §Hg%@r.Pla@ﬁ@'%twiiﬂgiow% polishing the-surdage, of theavafer with a polishing
pad. An abrasive material and corrosive chemical are added to the surface of the wafer during polishing.
The combitedHhiédharical aktisfdf B dbiasRe Atk Edrtdsive Acidit oF thedderrigdl removes any

irregular tapograRiym resulting insa Mnifermaly et sudace rial 1Backsend manufacturing refers to
cutting or singulating the finished wafer into the individual die and then packaging the die for structural
support : qﬂhaﬂ£|dynamlcally 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



isolation. To singulate the die, the wafer is scored and broken along non-functional regions of the wafer
called saw streets or scribes. The wafer is singulated using a laser cutting tool or saw blade. After
singulation, the individual die are mounted to a package substrate that Includes pins or contact pads for
interconnection with other system components. Contact pads formed over the semiconductor die are then
connected to contact pads within the package. The electrical connections can be made with solder
bumps, sERPBARPRECondictive pakte; oF Wifdhiohas FAR B cRFSHSRPoCGHBP RTdIRg material is
deposited over the package ta psavide physicaksuppeorand electicabisolation: ibg finished package is
then Inserted into an electrical system and the functionality of the semiconductor device is made available
to the otH8? 5y8teh? E8MpoRehtsS ePOS £ OF IIRGtrated dletfoIfit WVt 50 Raviig a &hiff carrier
substratecorogpated Cheyit board (REB) 92 aithtaplokality ot semicondustos packages ounted on its
surface. Electronic device 50 can have one type of semiconductor package, or mu?i le types of
cemicondUctb padagbs GEBbrling Gh e Abplication: THE HFIERE §pek bt SdmicSHttor Fhckages
are shownrin R@Gbddampurppses of lustration.of the Eleetronie devicez(:can be augigndadane system
that usestthe lsemi on%uct%%ackggeg I% gerforrg one or more (e)lectrgical gjrncti%nsg AéIEer@ t(ievely,
electronic 8evi%gl?5 can be a s‘ﬁ%co%pﬁn ntofa }a‘fger éys?ér%. For gxgmpFel, gléctronic dévice 50 can be
part of a celidarlphone, peysonat digital assistant PDA), digital videorcamersd(DMVQY), or otler electronic
communicgg(%lq ggvig%._@E%rnativ%lgrglsectsr%nicadce%/iCIeDS% can g)gba. raﬁehgcst%grgin%tt\_{v,orlélllnterface card,
or other ﬁgna processing card that can be Indérted into a comput . The semiconductor pa&age can
Include nmieropraocEssors) thmemoties, applicatiopspecificlintegrated cirenits (ASIR)s fogic circuits, analog
circuits, RS eireuls, discrete devices, oy piher sepuconduiglar dig.ar elegtrical cpmpangnts. Migjaturization
and weight reduction are essential for these products to be accepted by the market. The distance
between @émidehdeictdrdesdcestmiist e teriedsed $6 dehigvedighet dengiy.terned [hsier 1, PCB 52
provides gigeneglsuhetiate tor sUuehalsupparant eleetical intejsonnect af the samicandugtor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 @$iRg evaporatibh celBefrSiyfic plating CelelfoRES Pratiig, $efeen priitingoPBther suitable metal
depositiop.pro¢esss Sighal draces pAqrerids for electrical ggmmunicationetween each of the
semiconductor packages, mounted components, and other external system components. Traces 54 also
provide poht Enelgidtind tonRé&ionstb¥eath 6t thé sBficonductor packages.

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



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. In 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 typsslafirsievePackag iyt #cfudifg bdha wird Fadiélgers6-and A &ilp 8% afd SKGHn on PCB
52. Additionadly, severahtypes ehsaconsdevelpackaging, inctuding ball gad asxays(B&A)E0,dump chip
carrier (BCC) .62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MCM) 68,
quad flat HiohiB&ded pEEI?ad%a&SﬁN)“?o,S&ﬁt?d&&‘&ﬂ&% bEckEGe 72 A& Showh mBEntedDh PCB 52.
Dependingupon Hhe-systamdeguisements; anyrcominationiefseniconduetor packages: eanfigured with
any combination of first aq)d second level packa% i(rgllg%styles, as well as other elecéron'éc components, can

be connetted ﬁ)kﬁéﬁ 5295 SbieemBadimétit gu EtrBirit YeVice B8 ind e’ SingfFattached
semiconducterpackaget while wiher esnbediments: eall fosmpultipletstercannected packages. By
combinin]goornnelze(()jr rgo(reers%rkrl]iconductogggglé%%q:s d(()jv.er a singéeh%%bstrate,erg%g%fagturers can chorporate

ver el Seml1CcoO le are COP]I’I C? CfOl’l aCf(
pre-madée components into electronic devices and systems. Because the semiconductor packages

include spphistieated fundtionatitys ekeptroniclthevicdsscarr he manufactared using cheaper cemponents
and a str%al@}llln%do m enruf%q}%nng pg%tﬂegsbgge ggsuclt(ljrﬁ%gg\ém% are less Ilkgsl% to fail %g% 2SS expensive

Ps, 1v?:8asﬁe, wilire
to manufacture resu ting In a lower cost for consumers. IGs. 2a-2¢ show exemplary

s_emicqndutt@np@@@gésnﬁl@ﬁapmbs_ﬁatfes Fdrther @ta_ai_déofth 5& _rd@medmﬁP@B@.tSE&ni_conductor
die 74 inglydes, 30 active regjon contaiing analag rdigial cireuis mplementsd gpactivg devices,

passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconnéetedfaccorting toaké eletrical designiofike disl ForeXaiple the eiregit Ean yriclede one or

more trangisfors, digdes. IndyeLors, capaeitors, resigtors, anchether gieyitelemens formed within the

active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,
such as @umitER{A LY, Topper i fin FBAY, HckePTRNGSIE SAU), or silver (Ag), and are electrically

connected to the circui-elements farmed within senaicendugtar die, 44 Dusing,assemply of IR 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or

adhesiveGRatetiar sGeias it epbky BF BPoky Fesit: tTHepackageBodydiAcltides an insulative

plurality 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,



packaging material such as polymer or ceramic. Conductor leads 80 and bond wires 82 provide electrical
Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package
for environmental protection by preventing moisture and particles from entering the package and
contaminating die 74 or bond wires 82. FIG. 2b lllustrates further detail of BCC 62 mounted on
PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or epoxy-resin adhesive

material §2FBddWire8 9FstovitEFirst1eGeIpackaAg Mt InterESnridet betwedir 8oftatt pads 86 and 98.

Molding compeund-er-encapsulant 100-s depesited gversamigenducter disr8& and bond wires 94 to
provide physical support and electrical isolation for the device. Contact pads 102 are formed over a

surface of PEB 8B UEHPA sUitabI8mEGT G&pdsifidn rOURIEBTUER as SecHdIViic piatihg OF efdtiroless
plating towerevent exidation &omaet pasgsck2iare aleetricallyseonnecied tosone obeore €opductive signal
traces 54 in PCB 52. Bumps 104 are formed betyeen contact pads 9§ of BCC 62 and contact pads 102
of PCB 53Y 1€ MRFERS oc, ggﬁwi@&hsdb%{locredig 28§ %ﬁlousf'%e& FEEdSWR To mtdrhvEdiaft Errier 106
with a flippehipstyde firstdevel packadging. Adtinresiegiem308 of semiconductor die 58 contains analog or
digital circuits Implemeﬂtle(} %actlive 98%0?% , passive devices condg&tive Igl}é%rrsé1 @Qd td(i)e;_jectric layers

: t

. ovides a dener S
formed according to thé electrical design o efdie. For examﬁe, {he circuit can Include ohe or more

transistorst diodesy ldustors,coapaeitdrss tesistois; ahdiother ciecuieelements within active region 108.
Semiconductor 8'ecﬁ’18clcs electrically and mechan(lfa(ljlx c Q toc rrhe&u106.théou5gihg%%mps 110.

l1con CL1V

a ne
BGA 60 is electrica y and rr%%ﬁara}\i/%gﬁy ggﬁﬁgc?ed toP PBeSggvlth a BGA style secondlevel packaging
using burps dd?. Bemicendactoedieo58is electricahy conrrected to tonductive sighdt ¢faces 54 in PCB

52 through bymps 110, signal lines 114, andibumps 112, A,molding.compaund o encagsylant 116 is

deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the desdcee Sthedfip thipiSemicondtuétor device Pravidas ashotteglestricarconduetien path from the

active deyices on semiconductor die 58to gondustion tracks on PCR 52:in.arder toeduge signal

propagation distance, lower capacitance, and Improve overall circuit performance. In another
embodinfentthe SehiiCorfdieiciadie B8tcdn be ffcttiahically aht e @ABRIR CoHnectet directly to PCB 52

using flip.ghip. style first-level packaging witheulintesmediatg carrief106, so 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
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FIGs. 3a-31 lllustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a temporary protective layer
over an uneven insulating layer to planarize a 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 describel above. PEPENIERY 3PSRoWS S cTISEEBCtiTAr VeI 6 Portiohrof SeRhaRdU®ar wafer
120. Each seggandicierdie 1 24-hasa darck surace; 128 andiagtive syrfasad30-containing analog or
digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers
formed withir“thedi8 ah@E18&rc AR hidRERAECE albdrdiy to'the Eiectrigdl ddi§it and function of the
die. For exemiple ctheccircsitpoay: iichjde-amne be mase dreasistorspdipdes,sand other siguit elements
formed withjn active surface 130 to Implement analog circujts or digital circuits, such as djgital signal
processor g%ﬁm E§F€,’erJn%%F,ro?rbiﬁerds%]ﬁéieprggeérilﬁ Ef%ﬁt. e?ﬁi%gﬁguc%F die may also
contain Integtated passive devices{HRDs), sueh aslirductanse dapagcitoss,andl resistorsy fior A signal
processinqitlgrong enrgb%(;gg\ent,&emiggndu%or giem]b2i4nisna fligchipot\jr/p%semicondu((::tor{dgzlile.tOr An
electricalﬁ/ conductive Fayer 1825 fotmed over active surface 130 using pUD, tVBdlec r&ytlc plating,
electrolessaplating pracess, er othey Saitale snetat depositort processr€onductivedayerck32-ean be one

or more Ia;f;]e?@mogﬁl, Cu, sn, Ni, Au, Ag, or other suitable electrically conductive material. In one

. tpoh o1, ] :
embodinment, conductive %f/e?%f extends above active surface 1 Oaby 0.6'microméters (pm) or more.

ConductiB@¢&ye¢qwmwa@smaamm_egtﬂ@allylcdnﬂt&:t@@mlmtdimmh_:s@)n active _surface
130. ¢, 0 FIG. 36.gn insplating orspassivation layer, 134 is confarmally applied pyer active surface

130 and conductive layer'132 using PVD, CVD, screen printing, Spin coating, spray coating, sintering or
thermal oxXidaionr Thenpsulgtvigslayer 134 ebhtinslane dr more fayers of silicen divkide (51029, silicon

nitride (S|3N4); silicon gxynitride (SION)tantalum.pentoyide (1a205), aluminum,oxide (41208), polyimide,
polybenzoxazoles (PBO), polymer dielectric material, or other material having similar insulating and
structuralgropéniest itone embottient; ifrsul&itRyrlages i34 fds a@AnRKRESS greater than 0.6 pm. The

insulating layer 134 is pated ashaving aifisst @Jggmt%g oveh activeisuifage 130-aadsgcond portion
134b over conductive layer 132. The second portion 134b has a high topology with respect to active

surface 1B36Ttuelfo theldonfdiidt apphicatiirofifsdating fayefr 134 DVBPEBREGCINR 18yt 132
Accordinglyginsylatingdayerdid4 generally aeaNan 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

-11-



uneven topology or non-planar surface. A portion of insulating layer 134b is removed to expose
conductive layer 132, as shown in FIG. 3d. A portion of insulating layer 134b remains over conductive
layer 132, causing the uneven topology or non-planar surface of insulating layer 134. In FIG. 3e,
a blanket temporary protective planarization layer 136 is formed over insulating layer 134 and conductive
layer 132 while in wafer form using screen printing, spin coating, spray coating, and lamination. After

depositingtefipdtaly pretectivé platiarizafion Riyer 186, Addifichaltreatmeht Steh @7 UV ¥pdsure and

heat processaean beapplied & prvide pecessary adhesien andinechatiea properties chhe temporary
protective planarization layer 136 contains one or more layers of photoresist, liquid coating material, dry

film, polyeP iR PEIGRr cdiposite 20 otheP miderial HAYHY Propehics of consiaite tsttucture
support, plaearization-eapahilty fthermakstabilifyeunder 110-16000 for S I20mintes,and easy strip
after encapsulating process. Protective leanarization layer 136 is a temporary or sacrificial layer used to
planarize & Undven 185018Gy of ﬁﬁsﬁF’ati HaAy & EA ]1%1% t epd?ﬁr?bar%?ec%{}g planarization layer 136
fills in araundthe iunevendgottiens’df insulating! layer 4348a make a planar surface 135. In one
embodiment, temporar]_ylpéote tivel P#alpa{ii;gtci%rél er 136 is getg 251pm1%n él'ggk S In one

. S ur %r Skt S m?unted
embodiment, temporary protectivé planarization layer covers the entire surface of semiconductor

wafer or substte 120 witlrout pattermingrindudingtsensicondudtoddievi?d ard sawrstie@ts 126, as

shown in 16, 3110 FiG, 39 sericopdugior wafer 120 is siauted thtough.sulating layey 134,
temporary protective planarization layer 6 and saw street 126 using a saw blade or laser cutting tool
137 into ndividud¥semicoadector dietl24vel padteynatively) temporary profective planarization layer

136 is patigrned fo have trench argroove 138 formed over saw stieets. 126, as,shown inEIG.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 mperairy proteetivespranadzationtlayedi36 Verdaphping sawsticets 126 by atdeast®pm on
each side., The; width of, saw,blade, gr laser. cutting 10Ql137:is shiown.as dimengion W, If a conductive layer
139 is formed over saw

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.

-12-



street 126, then WT is made 10 pm 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"SavF BRedEGrEuUting toof 137. FAE EErhporiaty ProteBipafafizatiotayer13€is deposited
over sawstrged 12610k $0 laser gxeitation, Pratestive, planapzatianlayer 436 pravides for copvenient
control of the dielectric thickness for additional protection of semiconductor die 124 in reliability testing. In

addition, TfpGHRY prditétive Plalanigatth 1258P P36 Aelps t6 prevart tAE tie' it Ehd flying die issue in
late encapsplating groeessrn Fd@i 4enAthick teraperagy pretective-plaparizatonlayer 36 atso helps to

prevent wafer surface from dicing dust blasting and damage in mechanical dicing.process. FIG.
B showd b SHE o BRREH P IBbr s TAG aith HACHAL 1T, 1oy e GG ary [Rfective
planarizatiothgayer ik36sarotects the-kerf edge of sepicontietor aies .24 from ehippingsand cracking, as

well as su%%rggsélggorgetal %%:’_rl 9 and delamination along saw street 126 or eoglggt%f th

die, during
Singulatic: B T O Y e s g

WLCSP with ¢thver Seimicomaductor clies having @lse Sacrificialptotective fay@du ¢ plainanaiheven surfaces. FIG.

4a shows a 0I’tl0t]£0f sub&tra%% ar garrfr 142 contalnlng t%rcr!gor%r pr le%.CI’IfICIGJ %%seerrgf\]&enal such as

. r a 10on S ce, ower, capac a 7 rove. .
steel, iron a gy,gsalllcon, polzi/mer, beryllium oxide, or other suitable ow-cgst, rigid material for structural

support. Ahﬂnﬁeiﬁace%;ferm&im@le-siﬁed fiapelllﬂzﬂ; isfarmédrever ,catﬁ_i@r F@G@&Hémp‘omy adhesive
bonding film.orgtch-stop layer. 1n.gne.embgdiment, interface layer 144 js thermal ar;light releasable.

Semiconductor die 124 from FIGs. 3a-31 is positioned over and mounted to carrier 142 using a pick and
place opératiBREFIG. 4bsshisive sémicondnctor diee 124 nrdunted to- cariek ag2wdthvplaharsurface 135 of
temporary pratective planarization.layep 436 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 124ft64Aterfatedayer 14455y Mefeastiy Hreleffd@ivetcontdét Surfacé afea and

minimizing.void ferming between g suiace efsgmicanduciondiect2a,and Inferface layer 444. Carrier
142 extends beyond the dimensions shown in FIG. 4b for a wafer-level multi-die attachment. Many
semicondtittdicdie 124 e BE ol mtEd td-Cakribf14p 2 a 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. 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 encapsulant molding, vacuum 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 nonconductive and

environnfehtally frotects thedddiitoRdtctor Havice fom 8Rteind diérhefitand cOMARTHIAME. In

FIG. 4d, qartie 142 end, intestase Jayesd 4dcarerrenioyiedibyeherical etghing: mechanical peel-off, CMP,

mechanical grinding, thermal bake, laser scanning, or wet stripping to expose temporary protective

planarizatioh 148156 aHd Sncapstifaiti%e® 150 CORha {Bmporay ptsetive pih4fization layer 136 is

removeddy~peseling,(assbown dn EHG ade . iAlrrpatively, tearporaryqareteciive planarizaties Jayer 136 can

be removed with deionized (DI) water spray and rinse or by so|vent or chemical stripping. Temporary
g FLehieortidt

protectivé Planariz&tich fayer 136 provitds a numbeoraivantayests rEstirsrs ctor die
124, including teducing diecedge chippingeanid-crackingaurimgewvafer dicing, reducing flying die during
encapsulation, reducingncoggugggvreitglélrlff)rmgl;[)i(r)lr(}l S‘UQQ% ngfer %if_}inflg ?a§ c?gg_[%le%/eé %q_jectric
thickness, and reducing dus 3amage on active surface 13 gﬁ/rlng wafer dicing. In"another
embodiment,icontinungafream HG. 4d L baclkgyinding/iape<l5asapplied o ehedpsulant 146 and

temporary pro ecg\ieeglana[liz tion la gg%gg as 8rrlov(\j/n in FIG. 4f oertiﬁ]ré o(fﬁur%ace 15% of gncapsulant

146 is removg y grm%le? % ltg%l narize tﬁé encapé:u g.l’rlt asﬁlduégpose ack sur aecpeonISé

semiconductorEdie -124C Femporamneprotactive planarization laye 136 isithren fermeved with backgrinding
ItZSSr 115302@&%%%?58?52‘2Egvlﬁ;ﬁeﬁ%ﬂ,ono jeaying back suriace. 128 ot insylating layey, 134 and gonductive
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. 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'RyerP132PC109Y NI ATP AR stectfeHIlcohductive Byer BF rétfistfibitidr laye¥ (RDL) 160

is formedi@uesingwWating layeehd6 andcondustive:layenhd32 Using a patierning and snetabeeposition
process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive layer 160

can be oné of Fr?b‘re?%/ers%f ROCH R/, TIWICE SR Nil AtCAglorGiher Laitable Biéctrically
conductive-matertal veondyetivellayer keQuiselecttisally.ecennectecbiscqenguctive fayerdB82nar An
insulating or assivaf/iﬁn,lager 16‘%2 is formed ov%i sulating layer 156 and conductive layer 160 using
PVD, CVDI5Efsen Srinting> Epih éoré?ingj%’ﬁféy coating, sintering or thermal oxidation. The insulating
layer 162 contains onelor more. layers of palyinkde, BeBp PBO; jowtempetature (<280C) curing polymer
dielectric, or other material having simjlar insulatin d structural properties..A portion of insulating layer
162 1 rebbR0a 55 ERbes O oEv oy e 160, AU OPAT ROL Bare: T Sonde tve g
insulatiorclayers; mayebé budtrupd a8 pendésignregaifementscm usindn BG e4ln apeledtrically
conductive bumgorg%tlerial issdelposited over the %)%PCQSEQ rt]ch)qugtl:t(ij\{le. Iaygrf %g_%hué%inﬁ an g\{aporation,

electrolytlscp Eﬂ%ting, electréless p%¥in§?8§lf‘%%p, or screen printing process. r?"lp matefial can be

Al, Sn, NEG&@QW@%,B&?&QBémrM@Mbmﬁan thereof, With ar dgtional flak solution. For
example, the hump material,canbe;gutectic Sn/Rb, figh-lead solder, or lead:free solder, The ump

material is bonded to conductive layer 160 using a suitable attachment or bonding process. In one
embodiment,the budsp nrterdd i refRWebhy heatity tahaterizd AbbveRs wieltsg poibtto form

sphericalallssr blynps. 104 Ja soms. asplications. s 464 are eelayed aisecgnd e to Improve

electrical contact to conductive layer 160. The bumps can also be compression bonded to conductive
layer 160" BifPS Y64 Feftes@MBrie- §peF IntetcOhrecEStrbctnfe that ean be fofiiEd bvéfeonductive

layer 160, Jherlatereannect sucihee can alsasuse stud:bump.Jpicra bump, or other glectrical

““emonﬁigperties 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. 5 shows another embodiment, similar to FIG. 4], 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 pm, prior to removal of temporary protective
planarization layer 136. The shallow cavity 170 provides dumping support in drop test (DI) and

temperature cycling on .toctno ;:ToS tett. Shallow cavity 170 also enhances repassivation with insulating
layer 15691V idERs. @8RS BHYthE? Bntbiddinhédt; similar to FIG. 4], with shallow circle cavity or

channel 172 formed ineneapsulant,246 aroungbsamiconducior diei 124 dnder-conguetive layer 160 and
bumps 164. The shallow circle cavity 172 can be formed by laser drilling enc%i)sulant 146 in FIG. 4d to a

depth of 5B6pm pfor'td Roval BEnioraRy Froté e pl&tarZatiol Tayet 1L 36° TheSHANGH circle
cavity 172 provdes dupping supporsimvldhand -2GoB test. In addition.dbe lasercaardsm edge 174 of

encapsulant 146 around semiconductor die 142 in FIG. 4d, prior to oval of temporary protective
planarizazvgﬁ)la)llgr%eg.s Ehan C%??Wsjh% gr#otﬁéw er%%gﬁ%ésnt,{%i i1 ’FI%Z%]‘,’WiYﬁsﬁgllow cavity
or channektA fovmed inencapsuantil46aratind semicondyictor die 24 wadpi eordtctive iayer 160 and

bumps 164. In addition, shallow cavity or channel 180 is formed in_encapsulant 146 around the edge of
semiconguac\fgrrd?g&lgf%%]é shaiiow a“(f’/ﬁivéssll%%(?%og CZI’EI %e 3rrﬁé—‘dr%(§/ és’s%er%rﬁﬁrﬁgoéln(?a%%hlant 146 in
FIG. 4d te addepth T &-50.pnt, pridr tearemdval ©f temperaey protectivegplanarization layers3tuThe

shallow cayities 178-180 pg\pvide mping s rt in D] and Tqaoi,%test. FIG. 8 shows another
embodimae%t,%l%ﬁgrs t%)oll—]IG.CAIj, W##S aﬁ%vr\}é({:%%%)} \of?clinarYr%i 182 formed M gﬁgap?s\ﬁ?é:ntslaél% around
semiconducterdie 124, unider corductveuiaer 1601andisuaps 164. I addition,shatlow cavity ©F channel

184 is foymed inencapsulany J46 araund the edge of semicopdieior dif, 124 ot ect i ve
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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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 DI and TOaoD 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

embodineht'8f thegiréSentifvéttioh Ravrpe&titstrate dif tets ¥e SEISERARINWIR Eppreciate that
modifications andiadapiatiens io-these embedinentsippy be made withost geparingfromdhe scope of

the present invention as set forth in the following claims. Claims What is claimed: 1. A method of making
a semicondbEbP Eeditd, CSmphidingtprViding A%emtordddisiware? cohtdiniRg adlufdlity of
semicondiictor dig:separated by lasawsireet; forming a first insulating layer over the semiconductor
wafer, 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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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

interconreif SR GLHHFE by aIthe SerhicHmeisr digaarencapsuEint "2 SPRE Msthod of BEiA™, wherein
the first insulating layeppas adton-planansuiface and thesprotectivedayeyiRasea planar syifaee.

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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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 forming the build-up
interconnect structure includes: forming a second insulating layer over the encapsulant and first

insulating RayerG - 49-

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 (<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 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'anfed g of the $eigordtictorier MotiRfing the'SeritBrdlieo? tieto & earries; 21

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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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. 10. The method of claim 7, further inpludin%forming the protective layer
over an €iftiré BaHa e bf thetsethicBhducislwafstductor die 142 in FIG. 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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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 Iayer,(ﬁJr@LﬁWiﬁg the semiconductor die to a carrier;

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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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.
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.
warer.

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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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. 21. A semiconductor device, comprising: a
SﬂﬂkOh&ﬂﬂOf&Ee 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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a first insulating layer formed over the semiconductor die; a protective layer formed over the first
insulating layer; an encapsulant deposited over the semiconductor die; and a build-up interconnect
structure formed over the semiconductor die and encapsulant. 22. The semiconductor device of claim 21,
wherein the first insulating layer has a non-planar surface. 23. The semiconductor device of claim 21,

wherein the protective layer has a planar surface. 24. The semiconductor device of claim 21, wherein the
protective layer prétBeiatedye bFHEseMicBREGCBr die. S35 e 'S&micBRGuétdr device of claim 21,

further ingluding-a gavityforaed ia ke encapsilantnt .

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.

21. A semiconductor device, comprising:
a semiconductor die;
a first insulating layer formed over the semiconductor die;
a protective layer formed over the first insulating layer;

an encapsulant deposited over the semiconductor die; and
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a build-up interconnect structure formed over the

semiconductor die and encapsulant.

22. The semiconductor device of claim 21, wherein the first

insulating layer has a non-planar surface.

23. The semiconductor device of claim 21, wherein the

protective layer has a planar surface.

24. The semiconductor device of claim 21, wherein the

protective layer protects an edge of the semiconductor die.

25. The semiconductor device of claim 21, further including a

cavity formed in the encapsulant.
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