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 modernEHREGHHR 1SR AR IFEIEAROFa W@ﬁu%%ﬁ%ity of electrical
components. Discrete BRRATEEOE D YRR s r%?ﬁ?%t&rﬂ Q&Bg%?%?e&ﬁ@al component, e.g.,
light emitting diode (LED), small signeﬂ“?r%%s% ,Iﬁs%i BH%%B%HWinductor, 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-

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 (CODs), solar cells, and digital micro-mirror devices (DMDSs). 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 C8EMICHhdUEiot devicEs Jré aiscPfotml i frlifitiry applicitions 2avidtisit, Aitidrmbtive, industrial
controllerse and ©fficeppquipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material allows its electrical conductivity
to be manipulated by tHE ApERCidA S ar E8LtricFieht bf Bale SufféfiforthrsiigHthe process of doping.
Doping irntrogtices impuiies o tieysermiconduetos maferialigimanipalate-and ¢datrobthe conductivity of
the semiconductor device. A semiconductor device contains active and passive eiiectrical
structureS “AGRB Ut Fred M hchitlity Bipotar andHieiq efiebttrarnsistors. Tontrot thie fiow of &idctrical
current. Byl earyingnlevelseof doping amch apphkcationoof anrglectric fietd er base curtent, thenttansistor either
promotescgre [aes%cts th.esﬁ% of glecér(i:(;cai gugerf]té fatsgﬁ/gvslrsulc(t)%rea,i igc&ginﬁg resistors, capacitors, and
inductors, creatte aTelations ippbe%een voﬂage and current necessary Yo pér orm a variety of electrical
functionsS&hé paissivetand activecstiuctures foeetectricallyeconnedtés toforn Tircuits, wakdch enable the

semlconduocr%%ru delvcl_%ect:.LooB%rform h%;fh-sc%ene\ge%aslg%latlo%se '%\Q% P}(hser use;;ul lgl,énctlonsém d

Semiconductor devices are @eﬁg% y manufactureoplﬁsing two (:om’pI(%((j n?anu?é:cstlﬁring processes, i.e.,
front-endananufacturipge dnd back-ebelrmanofaeturivyg, eavh imeving pafertialip hoddreds of steps.

Front-end maulacpurng involvephe fomyation gt pluraliy.of die.on thesuface.af  semiconductor

wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive comporients Backaand afahufactading imvelves singulating individual die from the finished wafer

and packaging the die fo. provide; sirycipral syppad and enyironmentalisolation. ; ;
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.



One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. A smaller die size can be achieved by improvements in the front-end process resulting in die
with smaller, higher density active and passive components. Back-end processes may result in

semiconductor device paEKEERWItT aisriiaiet F5ctpARCoy MRgrovementediactiicafntetednitection and

packagingwpatesiaisl ex manArSRIMIEBNYCOF Wiadeycontains &.pluralipnef semiconductor die or
components separated by a saw street. The semiconductor wafer is sin%ulated through the saw street

into indivittAF SEMicontletor P uEiRG a SAW BRI SAIGEEr diting T80T OB Singtidted, the

semicongustendie CamnbermetntelktocE teypperary cakriers ih-erderte forin athuid i intereonrect
structure for a fan-out wafer level chi scaie ackage (FOTILCSP). The emiconﬁ?uctor die are subject to
chipping 5%8 cfgcﬁa}?gtéf%rhg%e%i?gaﬁg f'g%heﬁga éegeoaluﬁﬁlgéthséu il’%ﬁ‘fﬂ%\ti(? pfocess, more
specificalyehy then ioact of the spinningessaw bladei Metgidiureng gandecur alohgdhe saw street during

singulation vxéhich can cause elecgical sgo%ing vxher]cformirl the build-u interconjgect struc&ure. In
. . Cd]Pl alfhs Clr.CU.laS ormeh é] eleCtric COPl’leC ll’lg ac 1v8 an .
situations where the semiconductor die has an unéeven or high'topology, the adhesion between the die

and carriercan be weakdeadingto defects daridgrthe interconnécidbuildvip process n§umatary of the

Invention, ,;.; e £xisfs 1g protecte semiconductor di dung singularin,and provide a planar
surface between the die and carrier during the build-up interconnect process. Accordingly, in one
embodintent,thd present irnentionssarsenticenductordeviceeotmplisingcd semitonductor wafer including

a plurality of semicondygor dic sepgrated Qy.a sawcstrget, A fitgtinsylating layer inclyding g non-planar

surface is formed over the semiconductor wafer. A protective layer including a planar surface is formed
over the first insafativgiagen Ancdrvapdalaht issdeposited over dwvsemicondnéton die/ In another

embodiment, the present invention is a.semiconductar device, camprising 2 semisondyctos wafer including

a plurality of semiconductor die separated by a saw street. A first insulating layer is formed over the
semicondiftt6r Wwafet CA Protetive yer ifobrmed overthel first itiatiPgdayérc Anc&aicapsalant is

deposited, gver thesemicanducigrdie nt, wninangthepembodiments e gresenkinvention is a
semiconductor device comprising a semiconductor die and first insulating layer including a non-planar
surface f&PREl 6\ér-the’seffiedndictor-GieSATtofettive fayet MGGy 'AVplaRar SUFFARRFis Fortied over

the first instatinglayee AN gheapsulantds; depasitedioves the sericangiciardien gher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical 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



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. 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-3i illustratd process Bt fOrAING a pfotédivetayer'dvér Giurtventinddiativy fdyer t5Blanarize a

semicondcterdie andiprgtect adie gdgeduring isingWationiause e1dd6s14a4] Hiwstrateng process of
forming a WLCSP with the semiconductor die having the sacrificial protective layer to planar uneven

surfaces”e" FOTEENS ifiliSirdted HAWER SPMiith @ SRuiol CAVity FoHREd in tHe Erdapibi=tt dver the

RDL andvui@s;the semiconductor die has an uneven or high topology, the
adhesion between the die and carrier can be weak leading to

defects during the interconnect build-up process.
Summary of the Invention

A need exists to protect the semiconductor die during
singulation and provide a planar surface between the die and
carrier during the build-up interconnect process. Accordingly,
in one embodiment, the present invention is a semiconductor
device comprising a semiconductor wafer including a plurality of
semiconductor die separated by a saw street. A first insulating
layer including a non-planar surface is formed over the
semiconductor wafer. A protective layer including a planar
surface is formed over the first insulating layer. An
encapsulant is deposited over the semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor wafer including
a plurality of semiconductor die separated by a saw street. A
first insulating layer is formed over the semiconductor wafer.
A protective layer is formed over the first insulating layer.
An encapsulant is deposited over the semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
insulating layer including a non-planar surface formed over the
semiconductor die. A protective layer including a planar
surface is formed over the first insulating layer. An

encapsulant is deposited over the semiconductor die.



FIG. 6 illustrates a WLCSP with a 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 Drawin The present invention is described in

S
one or more embodim&&s%ﬂ@%ﬂomﬂéﬁfbﬁon%ﬂﬁ\ RFERRBE td tERGUres, hSwhich like numerals
represent theisame OF siiilarslementso Mhilesthegnuensioniis slesgrbed injteems 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 alterhativad Mdificationst 8hEEquivaTents 38 mM&YbE RAUGES WithirFthe <pirit and scope of the
invention@ascdefinetiRy theyappendetctaists and theimequivalentsiasssupportes by therfollowing
disclosure and dra;(\/gilgé S. Semiconductor devices are generally manufactured using two complex

manufacfufing‘pto st roREERNE Manutctifing ARd Babk SHd ahtfactlrihg. Front-end manufacturing

involves the formation of a plurality of die on the surface of a semiconductor wafer. Each die on the wafer
conta?ns ac_:tive_ and p_assive el%cérj%ag 08@38”51@{% V\I/,lhi%r%ag:qqgleﬁtxfgcvgu%cgnnected to form _fgnctional
electrical circuits. Active electrlcallcomponen]fs, SUCH as fransistors and ?odes, have the ability to control
the flow of electrical current. Passive electrical components, such as capacitors, inductors, resistors, and
;Lir:;fgrr]r:-ers, create aﬂ:%let.loqshile Pgts er%Q\é%Itaaqu%d %L{E{%nt ec es§:élgttotpyeprfeosrmof%lectrlcal circuit
packages mounted to its surface;
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 and bumps;
FIG. 6 illustrates a WLCSP with a shallow circle
cavity formed in the encapsulant over the RDL and bumps and
encapsulant trim around the 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.



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 semiconductor material CORHBEIE iIRTESTIRE B MPdIcERR RAFBLBISe current. Transistors
contain regions of varying types and degrees of doping arranged as necessary to enable the transistor to
promote or restrict the flaw gfelectrical icurkant upan the applicatioaDf the electric-figldax base current.
Active and passive components are formed by layers of materials with different electrical properties. The

layers caf BEROMRA Y a Varlidy of JepoYitiBH tSEHigdes deRriined ihpart 5y fie tyPe o material
being degasiietk Fpr example; thib fikm depositiohcanspyelyechentieal saper depaesitian §£VD), physical
vapor depagsition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterne(g ?oef%?%gpso'rtiorwz% gct)lé\;}(leecolrﬁ[\)fogr?(-%:n]téj,npalsssivogeéoér)]n:p%[(}fr%dnté,n orsietifica cé:r%neec%gﬁg between
componenigie for adieilayerscarhbe pattermnedousing phatatithogeaphyi, twhidh invietves the deposition
of light sensitive material, e.g.,.photoresist, over the layer to be patterned. A pattern is.transferred from a
photomaglléD Por%%lﬁ}%o%ie%}/st%@Pnsgeligﬁ.ll%loen% em bB ieméar]ftt,gth%ﬁ&?rtiéﬁ of Cﬂ?elﬁitgt%?lgsglst%poattern
subjectecto/kghtas remowed using ansolvéntc exposing partibnsofthe uadedyiag layer tbde patterned. In
another embadiment, ihe,poftion,of he;phaloresist palisin Bt subledtad o gt the,neggue phoforesist
is removed using a solvent, exposing %ortlons of the underlying layer to be patterneg. e remainder of
the photdrgsistis renovedelkavingibehind d pdttermed fyer.aAlterhativiely, Sarive tpes dfymatesials are
patterned-py gggg%dgqg%ti%meem%q{iaéy% he 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 existifif patternciam-exagheratethe uhdetIfingpatteryn BAd Eréatew Aen-whifoamly flat
surface. Aiformlyfiat syrface is-required topreduce.smalier and more densely packed active,and
passive components. Planarization can be used to remove material from the surface of the wafer and
produce &AifofRIy et BUFacE UPlandrizatfortiRvolves pehshing the: saiace Bl theRafer With a polishing
pad. An alyagiye maategal ang,carrasive chemical are added ta the-surfacerofthe wafer during polishing.
The combined mechanical action of the abrasive and corrosive action of the chemical removes any
irregular fSPBYFAPINE FESUItING P& unif6@Rty ffat Suffacé e WafFaeaid rfanufactdnity féters to
cutting orsingulating the-tinished wadardpte-thedndividuah die-and then-packaging therdie farestructural
support and environmental isolation._To singulate the die, the wafer is scored and broken along
non-functiéndl $EGiohs of tHe Rafer ched ShGrstréets oF s&ifbes. ATl Warer 1 §ihgdlated using a laser
cutting toebapsaw btade. After singutations the: ndividurl die are:mountetktoca pagkage: sybsicate that
includes pins or contact pads for interconnection with other system components. Contact pads formed
over the SERAICORBUELST die’ &I (REnTORREETS CORtAG Pads Withis the p&diage” The electrical
connectiensngambe madeswith sekder Hounps; stud, bumps ceonductive paste; os wirehands. An
encapsulgnt or %ther molding matterial IS delrt)ogited over the package to ‘%ovide ghgsical SL#)IPgrt and
electrical isSlatior, The fiished %agkfgeri% Ren inserted into an electrica %gsetemnantf the unctionality of
the semicenductardevice isandde available ta thelothér systemfcompanerts.
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,



FIG. 1 illustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a 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 SEEHEAPTEREHGh AftefTativeRf Sectioniddéiice 86 cantse 8'SubBSmpdhent of a larger system.
For example.celeetsenic devigerbngan be parrofascelllanihanen persanat digitakhassistapt (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be
a graphicsC4Id hetWbk IntBrAES BARY Or bthet Signat précessint datd ?ﬁa%@asnebg Hdertel into a
computer dhessemiconducior packagesgamkcludevnicioprocessers, memeariesy application specific
integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices, or other
semicondtictor die bt et cqﬁégal%%n{beo%eeﬁsa}ﬁ\ginFa?ur??aat%}ﬁeant eitg%??éc’dusc?i%ﬁ are &35t for these
products ¢a becaccepted mhthefmarket fThe distancesbietweensemicprductardenieas must be decreased
to achievgfhi%r}]ler deelnes(i:tg. i fieIdeI((DBr. ].bg%B gzléalgg\r/liges a general substrate for structural support
and electfical Tnterconnect of the Semiconductor packages mounted on the PCB. Conductive signal traces
54 are formed over a stiface @r avithirlayelisref RCBsasing evapoiations éleetrolvdie gtatingt electroless

plating, sgreenrining, of gher spilable metal depqsition piogess. Signal trages 54 provide for electrica
communication between each of the semiconductor packages, mounted components, and other external
system compbpentsd Traces 54 alsetrovitlepawer idndogrouadtohaeetiorsstoceachrefthe semiconductor

packages, . 1, |,s0me embadiments, a.semiconductor device has twg packaging Jevels First level

packaging is a technique for mechanically and electrically attaching the semiconductor die to an
intermediatd tarteroSedormhleverpackaginieinedlves padchamivally deidcaléctiieally(&ffathing the

intermediaie carter (< e BCR. o ether smbosiments, sesamisenductopdevies may.aply have the first

level packaging where the die is mechanically and electrically mounted directly to the PCB.
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light. 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 using a solvent, exposing
portions of the underlying layer to be patterned. The remainder
of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a
previous deposition/etch process using techniques such as

electroless and electrolytic plating.



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 (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of
semiconductor packagB§PEohfighiéd %itﬁgd\—\“y domBinafio B first 2hd SBEANdTever patkdling styles, as
well as other elacironimcempgnenisean he copneeted ad’GR 52e hseme emodiments; glectronic
device 50 includes_a single attached semiconductor package, while other embodiments call for multiple
interconn%%fe%oﬁﬁgk%g%g?Ey ToMififg orfe &%&%@Qﬁic%illaﬁct‘fﬂ'l558?6?9@5%\)%?%1@58% dubstrate,
manufacipirersicas isearpdeateire-made camponentsdatecelectuonicwevioes angssysiems. Because the
semiconductor packages include sophistjcated functionality, electronic devices can, be manufactured
using chéap&r &3Mbonents iﬁ& AlstiedminedFREn 1‘%\0Hﬁ%/1cgl ProcESY e I%%Eﬁiﬁbage ced are less
likely to faihand lesSsexpensivento mamafactime resulting i a lawerfeoshfor consumers.face. FIGs.
2a-2c shqow exemplary .semiconductor pac . FIG. 2a illustrates further detail of DIP 64 mounted on
5o 52, TAGbaae s e T TS ST foarit coag anaiog o dgtertaie &
Implemeptetiashactiyerdevicesi passive slevicesacendiuctive tay ers rars diede otfice tay e sl formed within
the die andarc,elestrically Interconnegted ecording fo e elestrical desion, of the die. For example, the
circuit can include one or more transistors, |od%s, inductors, gaﬁjacnors, reg{stors, and other circuit
elementsdforhed svithire tHeaactive lregiohiofisenficohguctor dieiZze Contactqradsszérareaorie onmore
layers of cenduyctive material, such as.alumyinun (A1), coppet (G, i0.(3n). nickel (N, gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assemblyof DI B4 yserhitbnduetba dfe- 74 is mounted to an intermediate carrier 78 using a gold-silicon

eutectic layer or adhesjve material such as thermal epoxy or epoxy resin.; e package body Includes an

insulative packaging material such as polymer or ceramic. Conductor leads 80 and bond wires 82 provide

electrical IAfIEdriiett Bethcer sémrdondutior die 74 aAdPeB 523 Evicdpsulanties idepdsited over the

package for.environgental protectign bynqrg&%mmmgi%w&%ndaaarti@mifmr@@ﬁ%rm the package and
contaminating die 74 or bond wires 82. FIG. 2b lllustrates further detail of BCC 62 mounted on

PCB 52. Seftiedrdittor die 88LEFHdGrited over Earfier 90UsHTS 8h uhdeAMBTEhox)GesickdHesive

material 92.Bendwires Y4qrovidefirstdgvelpackagingdniereennedt between cortastpads 96 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and bond wires 94 to

provide phySitarSupport:&nd @fectrica? isolation'for e H&vite. ContatEpadd 162 Are fotheddver a
surface of RCB b2dusing a suidable imetal depaesition peocess suech @sielecteolyticplaling ©f @leciroless

Maﬂngtogﬂgggﬂg%gd%%%gé%g%gfﬂﬁsggfg%%ludes 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, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip

carrier substrate or printed circuit board (PCB) 52 with a



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 dxaiiie 1the Grouft TRhGRATHE bRE G13BRIFAnSSIORS: Yo, riductors egsacitors, resistors,
and othergiscuitelemente within ativeaegioni0%h Remigpadustosdieiabiselecttealhyand mechanically
connected to carrier 106 through bumps 110. BGA 60 is electrically and mechanically connected
to PCB 52'with’a BEA Styi¢RECord level p&EREgiTd GSing Burass $12 CSERONTECLT did'ss is
electricallgonestecbto.conrlustivia sighakiraces, b4 i BEB:52 thyengh bumpso bl signaldines 114, and
bumps 11%. A mo,ldin% compougd or encapsulant 16£iode osited over semiconductor die 58 and carrier
106 to provid8 bhyRicar Support 8hd RIEd A Tsdtation fof thé devies. The flip chip semiconductor device
provides a short electricakeandiction gpath frombthecaativealevicesamisemmwoadugtot die 58 &a conduction
tracks on P%Ig E&l{g %rg%r. toorne uc Osi na{_}ll?%%paegsatigg distg ce, Iowe(rec%p:a%tglrnge, and improve overall
circuit pe%rmance. IR @nothier embodiment, the semiConductor die 58 can bé mechanically and
electricallyleonnectedldifectlyttd RCB 52AUsirg flgptchip style fidst deved packaging wathbQt imvermediate
carrier 16, o, ElGS, 3a:3) ilystrate, In relation tg EiGs. Land 2a-26, 2 progass of forming a
temporary protective Pafér over an uneven m%ujfatlnéslayer'to planarize a%em’lconductor die and protect a
die edge devingssiridulation. F4Gpr3ashoWwsaa semicohducton wafer 20 withalbasessuisstrate material
122, such as silicon. gqrmanium, gallium, atsepide. indium phasphide. or silicgn cagbide. for styyctural
support. A plurality of semiconductor die or components 124 is formed on wafer 120 separated by saw
streets 12ea8Wescabddabofe ice. HIG: Bhashbwsla crossesectionalvied of eepdrtion ot
semicongyctar wafer,1 20 Each semiconducior,die 124 has a.back sufaca 1,28 and active surface 130
containing analog or digital circuits Implemented as active devices, passive devices, conductive layers,
and dielegfitayersterfied withiirthe“die 2Rl aleericamIntérednAeciediRicesiding o the electrical

design and functign.of the-die, ERL gxample, the eirelt mayInelude oneardmore-transistors, diodes, and
other circuit elements formed within active surface 130 to Implement analog circuits or digital circuits,

such as digitdiisigrial Procaslbr D SPY,USIEE FhéMoR of bitet sidral proceseiifcifcuitc Sehficonductor

die 124 may alsg contain {ntegrated passive deyvices{HRs): suek asdrductersy capacitors, and resistors,
for RF signal processing. In one embodiment, semiconductor die 124 is a flipchip type semiconductor die.

An electritlly CORGUGVRTafert1 $F isTbRtied byer aCtRePSuEteSt30 Heifg PVD 1EvD! ectioftic

plating, electiglessrelating prcess 0eiBen suitable sretahdepositioniprocess. LCorductivedayer 132 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one

embodimeht, dSndligtive fayer 155 et iiovRSctive Burfale BB 6 B miLFOmERts THRY or more.
Conductiye layer A1S820peratesashdentactpagsealectsinally: gannected to the circuits on active surface

130. In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and

other external system components. Traces 54 also provide power

and ground connections to each of the semiconductor packages.



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 (S102), silicon nitride
(SI3N4), silicon oxynitride (SION), tantalum pentoxide (1a205), aluminum oxide (Al203), polyimide,
polybenzoxazoles (PBO), polymer dielectric material, or other material having similar insulating and
structural properties. InF8né SffbdineAt Trdtiatingflayer A Ras QthickABYs GRedtérthai 0.6 pm. The

insulatinglayer 434 ds netedias. having adirstpertion d3dapves active:surdacen13@ andsecond portion
134b over conductive layer 132. The second_portion 134b has a high topology with respect to active

surface T30 o the Contdlthdl Bpplicatioh orindNARTd idyer 134 oveFLoRdadtiveTay &3 ©

Accordingly, insutatingdayercl 3dgenerally has asrinevendopelegy a5 nog-plarayswstace. A portion of
insulating layer 134b LseLremO\{jed 5;) eXﬁ)ose conuctive Ia%er 132, as shown in FIG. 3d. A TEor,tion of
o ohe

insulating'fAy8F 1346 remailsover Sohddctive 1hyar 132 hﬁ%inﬁ%ﬁe%%%@ﬂ?gﬁglgﬁy%? ofisplanar

surface of instiatirgdayer I3d.other dnibdGiBena bjanket temponady pratectievplanarization layer 136

is formedo%\ier ir%%%gtin Ié;lygrilsff__ afg (_:é)fduct(i:\f{e Iaygr ;%%é/\{:héletigélvaﬁr forrg using screen printing,
spin coating, >épray coating, and Tamination. After Sgpoﬁlng temporary pro?ecjtlve planarization layer 136,

additionahtreatmentasuch asd\teéxpdsure ahtheat pnacessd car be lapptied thprévide necessary
adhesion and mechan'%cg!:pq:ogerties. The temPorelg/lPr tggg\{%glanarizatiorilaé/er 1§6§9ntains one or
ry [

more layers of photoresist, quwed Eoat n%sr%a?eriajf i m, polym’er?ifn\{e 6glyme¥%8mposne, or other

material Baving pic@oeerﬂiepath@mﬁph@ncei,rstrhumieguppm, m;anarimfdnagapéﬁili@pmefmwstability
under 110,16000dor 5.ta 120 minutes, apd easy strp giter sncapsylating progess. frotective
planarizationlayer 136 is a temporary or sacrificial layer used to planarize the uneven topology of
insulatings Ryen 434 £Tisd tarapdragy peotedtivelpldaadz tivhllagerl 136 fillin alBGAd thd) un&verPportions

of insulating;layer, 134 19 make 4 planar surdace 133.;1p ong.embgdimentotemporany protestive

planarization layer 136 is 5 to 25 pm in thickness.
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.

FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
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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 individual semiconductor die 124. Alternatively, temporary protective

planarizatioh 1t 15858 attefnet o REe & Tc8r GrobvEeL 38FBHABd GVRF 84w Stréefd #26,%s shown
in FIG. b, The width of reneh 138 (WRiistessctbandhe widthwef sawstreels 126{Ws)ee.9., WT is made
10 pm less than Ws, with temporary protective planarization layer 136 overlapping saw streets 126 by at

least 5 pMOn-E&¢H side™THE Widfh of S&W Blade™dt 1856t ity foof 137 1S sHEWASS dihERLBN We. If a
conductiwenlayen ¢39 isifosmed«mes sawdsitee) 126+ thenoWeisttaade 0 gnal less than enaidth of the

widest portion of con%uc ive layer 139, with temporary protective planarization layer 136 overlapping
conducti\?eil%%F 156 yAa?T’el% SOdCTSnto}heegcjhes:ide.F 3P exa,gl}?;s%r Canb& tE&d to-for trench or groove
138 in sainsitertcl 2ny remeving metal dnsutating, materiad,sgndi hase- semicondaptor materal with 2-7

passes. The laser reduces crg\,gh@]g of the insulatTeqmmaEesfiaJB (iparti%ul%rj)pfqoir Iovéll dielectric constant (k)

material,{/v%sléhsgéjﬁ dtclr uring mechanical |ci%g with saw brade or ¢u ing too }1%7?3' é\fgmporary

protective ptanamizatiors tayer 486 ustdepositer Over salostreettl 2Baprior 6 laser excitation.iRrotective

planarizafion Iaryer 1f°>6 rogide for convgnientfontrol %f the diﬁlectric thicl{ ess for additional protection
of semiconductor die 124 in 1#é:I]?a Ylﬁyr?éastien]é.l n éd(iiﬁcc)n, t%%p%rg@l&%inec %e§p1ancaorpz%%6n layer 136

helps to grevent thétdié %th_t,am_dﬂyiﬁ@ didVissue 4 late eheapsyating provess iy FIG.M_J@ Athck _
temporary protectiye planasization. laygr 136 also %%'pgléqgreevleaw{%r siyfage from.diging dust blasting

and damage in mechanical dicing process. . 31 shows an alternate pattern of openings 140
with notcheg14enpivarypEastl eemporary protestive prinatizatidn RYEr £36 prcteétsahd keradge of

semicondygctor-die 124 from.chipping apd cracking, as.well ééfyﬁgﬁﬁﬁ%@?% byrripg and

delamination along saw street 126 or edge of the die, during singulation.
silicon eutectic layer or adhesive material such as thermal

epoxy or epoxy resin. The package body includes an insulative
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 illustrates 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 92. Bond
wires 94 provide first level packaging interconnect between
contact pads 96 and 98. 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
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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-stoplafel fir bhe EMBodieRt Hhiefrake 187 1297 BREMTA S fight FefeasHbE *
Semiconducter diesk24 froplGs: 3a-3lisqositioned-ever ancemouatedde casier-t42 uging @ pick and
place operation. FIG. 4b shows semiconductor die 124 mounted to carrier 142 with planar surface 135 of

temporary protechV phhafi2atiGiP IAyar 138 Brientetr toWarl tfterface layer 144 and carrier 142. Planar

surface 135 of temporary protectige planarizateniayes 236 sahances the-adhesiorr aebodding strength of
semiconductqr die 124 to Interface layer 144 by increasi%ﬂ the ef}f%ective c%[wtac surfac areiand

minimizing voidl tsing batwesit te Strface of semicBnddctBr die' 1247 5Nd Thterfase layeY G44. Carrier
142 extepds-heydndithe dimehsonseshiown 0Bl Go #bsfemnawafer:tevet mildte diesattanhmentsMany
semicon%uct r die 1r24dcan. Q%pocungecd tQC%arriI%r éZ. e aIn Flgat. .40éa eencgggulant or molding
compoundr1 14613 c?eposftgéi over Sémiconductor die 124 an(cji Infserfaécejléfyer A4 With temporary protective
planarization dayer 186vpresent using aqiaste printirg; conspréssive healdngctranster smmoldingehquid
encapsulantmolding, aguum.laminaion, spin caating, or per suitable applisatar, pasapsulant 146 can
be polymer composite material, Such as epoxy resin with filler, epoxy acrylate Wltﬁ?ﬁTgr, or polymer with
proper filler rEmcapstitant 146 lis troncordyctiveant emaronntentally protects the sexhiconduetor device

from external elemepts and contaminants, oy I0 FIG- Ad; capier 142.and, interface, layer 144 are

removed by chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser
scanningt egwer stFipping oeexposedemporaryiotettive prararizatior laler 486 and encapsulant 146.

The temporary.protective planarization layer 136,is remoyed by,neeling; s,shown in FIG. de.

Alternatively, temporary protective planarization layer 136 can be removed with deionized (DI) water

spray and rinse or by s&fifertt or EReficHt Stippind. T emsoranfr protécive plarariztiohddyérc136

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 provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a—-3i illustrate, 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
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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 inFHEEAF A poftioh GFAffacB 520 EHEApSaIant 146 s Je%no@é’i‘j 5Y'gHRdér 154 to planarize the

encapsulastand £Xpese back suFace 12§ of semiconductorgia: 24 <Temperary pratectjvesplanarization
layer 136 is then removed with backgrinding tape 150 after the grinding operation, leaving back surface

128 of indlafing 5yRF 139 FHICLRAlctivE a1 33 BXPOLES 'as SHOWT RS Y-S/ ©T |n FIG. 4h,
an insulaging ot passixatianilayer 356 is farmedarever suriace 158 of encapsulant/ 122, opposite surfaces
128 and 152, using PVD, CVD, screen printing, stpin fg ting, s ray%coating, sin erin% éthermal oxidation.
The insuBERG 1401 156 Bortaine Ghe o Mo 1Ay Ers of potyimide, Benzotydistitene (BCB), PBO, low
temperatuego280€) cuyingpolymerdietectriy o othieranatasiathaving similar insulating and structural

properties. A portion of insulating layer 156 is removed tg expose canductive layer 132, In FIG. 4i,
an electrically conductl%/gééyegrgorsr%eya%fc’rib%ti%ﬁCfés’fers(ﬁ#f)ol?é%s%s‘f&r(erﬁqec? (})lvéar ﬁ%glﬁ]l%ﬁﬁél Iéjy%r 156 and
conductiveelayep h82 asing avpatterniriand Feetal depositioniprocess dueh a8 £\, sCWDpgplittering,
electrolytic plgtin , electroles Platin . Cf)nd cq layer 160 can be one Qr more I yer flAI, Cu,
Ti/CU, Tl\iﬁéuag%, %?%AU?IA%, %(F% ve gur 6ngl \% ggml:alnlng ana 8g or C?' gl%g

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
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing. In one embodiment, semiconductor die
124 is a flipchip type semiconductor die.

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 (um) or more. Conductive
layer 132 operates as contact pads electrically connected to the
circuits on active surface 130.

In FIG. 3¢, an insulating or passivation layer 134 is
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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
(<28000) curing pol%rmer dielectric, or other material having similar insulating and structural properties. A

portion of Mahftifg &Weraﬂ@?]ié?ém%\’/% t6 ekpdSe Eondicive taykrattd. Adutisnal RDLIAYERS,

including condustiveyand insulation layeise May-hebuift4ip appar design fequirgnents. In FIG. 4],
an electrically conductive bump material is deposited over the exposed conductive layer 160 using an

evaporatioh? ElgitrolyTit Piag, @letiroldss flating, baicdrof or scr&n brifting protéss2¥ARE bump
material ganbe Mt3n,Ni, Ak Agy PhoBd, Caly seldes fandi carabinations: theseafs with)gn optional flux

solution. Forﬁf example, the Qumrf:) m$teéial can be eutectic Sn/Pb,gigh-Iead solder, or lead-free solder. The
bump material S BoRd&d t6'Conductive layet 1607 0aing 224t itable attachnyat or bhdihg Process. In one
embodiment tthe banp( matertal is eeflowietiby heatikg threlmaterial abave its rglting point to form
spherical balls.or bumps 164. In applications, bumps 164 are reflowed a second time to Improve
clectrioala AT e CORIANR Iy Bo60 Hreithnd Lo e 56 cBordesiod bendSd 5 bondustve
layer 160nBumpsa164 sepresentionel type iof $ntesconme ct stlucturanthiat can berfopmed ower. conductive

layer 160I The Interc%lrérgct structure can Iso useéstud b'“ﬁrf%‘i micro bump. or other electri%al
’ 1 h ']
Interconne%t.one =i I l.Iges owslgr?élﬂlwa e |an><er 0 F?G%%VII%GS%%”% Cavity

er embodiment, similar to \7v cavity or channel
170 forméed dm eAcgpsulant 146 uhder derrductivédayer 1684andbompsd 64s Theshafiow cavity 170 can

be formed hy Jaser driling encapsulant 146 ip FIG. 4d.to a depth of 5:50 pm. prigr 19 remayal of

temporary protective planarization layer 136. The shallow cavity 170 provides dumping support in drop
test (DI) and eraperatirentyieling 6A bbaye =-CohA tett TSkalRE cadtyeP7d-alsd enhdhcs fepassivation

with insulatigg 148080y wicn FUGC8shows another.erabodiment. siilatio FEIG- ajwith shalow

circle cavity or channel formed in encapsulant 146 around semiconductor die 124 under conductive
layer 160°&4d Bufps 1820 TheashfiswdrcleéaVitytirEcd Be Forhed BY fasef efiflingtericapsulant 146

in FIG. 4d é‘]?/éxdepﬁ'} of 500 q prigntp, removal gt temporancprofeciiveplanarnizafionlayer 136. The

shallow circle cavity 172 provides dumping support in DI and TCoB test. In addition, the laser can trim
edge 1746FFcapstiRint 348 HouRPSem ctt e €42 in FIGCAT tTor %6 rémdvalidttemporary

protective planarizgien layerddbved 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 depositing
temporary protective planarization layer 136, additional
treatment, such as UV exposure and heat process, can be applied
to provide 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
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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 temporar% protective planarization Iagﬁr 136. The shallow cavities 178-180

provide dtfsiRg SupPort DY ARd :Eb3%tasti LY undeg @ 1 shdls anbdtter entsodim@nt, similar to FIG.
4j, with shallayv eayitysechannel 482 fermed krencapsylant 146 a50urd semiconduetor lie 124 under
conductive layer 160 and bumps 164. In addition, shallow cavity or channel 184 is formed in encapsulant
146 arouRd IE-BUGE of SBmicortuctor tie $24. TRERRATGW calitie§ 182184 éan HE ¥6imetF 6 laser
drilling encapsulamnt 2464n £1e. 46 éxrardeptpofidohd pm, prerivaemayal ef temparary protective
planarization layer 136. The shallow cayities 182-184 pravide dumping_sypport in DI and TCopB test. The
insulating RYEP 18 Pl Sifcirh tHickAESEfo fomh diehing Bvbr shdliow CAviies 185 WiRBut iy
planarizinghthessubstrate sudace. Conductive tayer 4pOrhas3a thiekeradomershaped podionthaGunder
shallow ¢ iDIies 2 and 184 hile one or more emg_odiments of the reser]Ct invention have been

illustrated in detai ,nth(énsﬁ(iIIeeIgbaorijlsieIalmr(le Wi fa%ﬁr%%%]féa thatiRhsdifications é?wlaaél é:p]tezlﬁlonlsot% those
embodimeats=maydfe made withcud departingtfromkhe seope of the present invention as set forth in the
following claims. 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. 3gqg,
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
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
(Wr) is less than the width of saw streets 126 (Ws), e.g., Wr is
made 10 pm less than Wg, with temporary protective planarization
layer 136 overlapping saw streets 126 by at least 5 um on each
side. The width of saw blade or laser cutting tool 137 is shown
as dimension We. If a conductive layer 139 is formed over saw
street 126, then Wr 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
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Claims What is claimed: 1. A semiconductor device, comprising: a semiconductor wafer including a
plurality of semiconductor die separated by a saw street; a first insulating layer including a non-planar
surface formed over the semiconductor wafer; a protective layer including a planar surface formed
over the first insulating layer; and

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. In 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. 31 shows an alternate pattern of openings 140
with notches 141. 1In any case, temporary protective
planarization layer 136 protects the kerf edge of semiconductor
die 124 from chipping and cracking, as well as suppressing metal
burring and delamination along saw street 126 or edge of the
die, during singulation.

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

Semiconductor die 124 from FIGs. 3a-3i is positioned

over and mounted to carrier 142 using a pick and place
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an encapsulant deposited over the semiconductor die. 2. The semiconductor device of claim 1, further
including a trench formed in the protective layer over the saw street. 3. The semiconductor device of
claim 2, further including a conductive layer formed over the trench between adjacent semiconductor die.
4. The semiconductor device of claim 1, further including a trench comprising a plurality of notches
formed in the protective layer over the saw street. 5. The semiconductor device of claim 1, wherein the

encapsulahtisifidnarized with aSurflee 6t ti&BemcUHETtr die-©61FHe BemicSifbuttor device of claim
1, furtherdpeluding anintercenneatstiuctureforaed over the semigsorduciondieang-encapsulant.

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, ligquid
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 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
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7. A semiconductor device, comprising: a semiconductor wafer including a plurality of semiconductor die
separated by a saw street; a first insulating layer formed over the semiconductor wafer; a protective
layer formed over the first insulating layer; and an encapsulant deposited over the semiconductor die.

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
in FIG. 4g.

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
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8. The semiconductor device of claim 7, wherein the first insulating layer has a non-planar surface and
the protective layer has a planar surface. 9. The semiconductor device of claim 7, further including a
trench formed in the protective layer over the saw street. 10. The semiconductor device of claim 7,
wherein the protective layer is formed over an entire surface of the semiconductor wafer. 11. The
semiconductor device of claim 7, wherein the encapsulant is planarized with a surface of the

semicondUctErdie 1 122 Fhe ehfedhdi@drde\iCe oraai S, Ratier iaduding A EhHneY formed in the
encapsulapt,eutsideoa feotprintaf the semjconsuctoridie. 43. thasemicanducigrdeviceof claim 7,

further including an interconnect structure formed over the semiconductor die and encapsulant.

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. 437, 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, 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
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14. A semiconductor device, comprising: a semiconductor die; a first insulating layer including a
non-planar surface formed over the semiconductor die; a protective layer including a planar surface
formed over the first insulating layer; and an encapsulant deposited over the semiconductor die. 15. The
semiconductor device of claim 14, wherein the encapsulant is planarized with a surface of the
semiconductor die. 16. The semiconductor device of claim 14, further including a channel formed in the

encapsulaREGatsiRN e fodtprift oftHE SemfiCortiftérdigs 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
encapsulant 146 around semiconductor 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. 1In addition, shallow cavity or channel 184 is formed
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17. The semiconductor device of claim 14, further including a channel formed in the encapsulant adjacent
to the semiconductor die. 18. The semiconductor device of claim 14, further including an interconnect
structure formed over the semiconductor die and encapsulant. 19. The semiconductor device of claim
18, wherein the interconnect structure includes: a second insulating layer formed over the

encapsulant and first insulating layer; a conductive layer formed over the second msulatlng layer; and
in encapsulant 146 around the edge of semiconductor die 12

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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a third insulating layer formed over the second insulating layer and conductive layer. 20. 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; and an encapsulant deposited
over the semiconductor die. 21. The semiconductor device of claim 20, wherein the first insulating layer

has a non-planar surface. .
Claims

What is claimed:

1. A semiconductor device, comprising:

a semiconductor wafer including a plurality of
semiconductor die separated by a saw street;

a first insulating layer including a non-planar surface
formed over the semiconductor wafer;

a protective layer including a planar surface formed over
the first insulating layer; and

an encapsulant deposited over the semiconductor die.

2. The semiconductor device of claim 1, further including a

trench formed in the protective layer over the saw street.

3. The semiconductor device of claim 2, further including a
conductive layer formed over the trench between adjacent

semiconductor die.

4. The semiconductor device of claim 1, further including a
trench comprising a plurality of notches formed in the

protective layer over the saw street.

5. The semiconductor device of claim 1, wherein the
encapsulant is planarized with a surface of the semiconductor

die.
6. The semiconductor device of claim 1, further including an

interconnect structure formed over the semiconductor die and

encapsulant.
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22. The semiconductor device of claim 20, wherein the protective layer has a planar surface. 23. The
semiconductor device of claim 20, wherein the encapsulant is planarized with a surface of the
semiconductor die. 24. The semiconductor device of claim 20, further including a channel formed in the
encapsulant outside a footprint of the semiconductor die. 25. The semiconductor device of claim 20,

further mcludmg an interconnect structure formed over the semiconductor die and encapsulant.
A semiconductor device, comprising:

a semiconductor wafer including a plurality of
semiconductor die separated by a saw street;

a first insulating layer formed over the semiconductor
wafer;

a protective layer formed over the first insulating layer;
and

an encapsulant deposited over the semiconductor die.

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

layer has a planar surface.

9. The semiconductor device of claim 7, further including a

trench formed in the protective layer over the saw street.

10. The semiconductor device of claim 7, wherein the protective
layer is formed over an entire surface of the semiconductor

wafer.

11. The semiconductor device of claim 7, wherein the
encapsulant is planarized with a surface of the semiconductor

die.

12. The semiconductor device of claim 7, further including a
channel formed in the encapsulant outside a footprint of the

semiconductor die.
13. The semiconductor device of claim 7, further including an

interconnect structure formed over the semiconductor die and

encapsulant.
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14. A semiconductor device, comprising:

a semiconductor die;

a first insulating layer including a non-planar surface
formed over the semiconductor die;

a protective layer including a planar surface formed over
the first insulating layer; and

an encapsulant deposited over the semiconductor die.

15. The semiconductor device of claim 14, wherein the
encapsulant is planarized with a surface of the semiconductor

die.

16. The semiconductor device of claim 14, further including a
channel formed in the encapsulant outside a footprint of the

semiconductor die.

17. The semiconductor device of claim 14, further including a
channel formed in the encapsulant adjacent to the semiconductor

die.
18. The semiconductor device of claim 14, further including an

interconnect structure formed over the semiconductor die and

encapsulant.
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19. The semiconductor device of claim 18, wherein the
interconnect structure includes:

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

a conductive layer formed over the second insulating layer;
and

a third insulating layer formed over the second insulating

layer and conductive layer.

20. 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;
and

an encapsulant deposited over the semiconductor die.
21. The semiconductor device of claim 20, wherein the first

insulating layer has a non-planar surface.

22. The semiconductor device of claim 20, wherein the

protective layer has a planar surface.

23. The semiconductor device of claim 20, wherein the
encapsulant is planarized with a surface of the semiconductor

die.

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

channel formed in the encapsulant outside a footprint of the

semiconductor die.
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25. The semiconductor device of claim 20, further including an
interconnect structure formed over the semiconductor die and

encapsulant.
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