SEMICONDUCTOR DEVICE AND METHOD OF FORMING INSULATING LAYER AROUND
SEMICONDUCTOR DIE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming an
insulating layer around semiconductor die. Background of the Invention Semiconductor devices
are commonly found in modern electronic products. Semiconductor devices var)é in the number and

density of eIectriﬂ@&ﬁ%ﬂgﬁ@QBiQﬁXt% B YERHPRe HEeE B‘H&P&ﬁyw 'Bﬁgcfype of electrical
component, e.g., light emitting dinfEﬁf%%l §5H§ﬁ?§%‘f§8 ) e?@?br, capacitor, inductor, and

power metal oxide semiconductor field effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical compaonents. Examples of integrated semiconductor
devices include microcontrollers, micrgﬁrS%éss% s,%ﬂ%r&é‘&%ﬁﬁﬁl%’d devices (CODs), solar cells, and
digital micro-mirror devices (DMDs). Semiconductor devices perform a wide range of functions
such as high-speed caldutationss rahsmittieg and receiviagstectromagreticlsigrmals, controlling electronic

devices, ransiomming sunliohlLipelectriciiy, and.ereafing visual projgcetions for elgvision disniays
Semiconductor devices are found in the fields of entertainment,
device and method of forming an insulating layer around

semiconductor die.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the

application of an electric field or base current or through the process of doping. Doping Introduces
impuritie$ S 1S SeMfcondaEdr mateRalte tHafiptiaté aid contrdF thecorfduEivit ofthe semiconductor

device. milit#ArSeraisonductor davice Lontains active.anchpassive elecdical siructures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & el GBI base current, the transistor either promotes or
restricts the flow of elegticateursenit Bassive strustuses, lincludingaesistars raapacitors, and inductors,
create a relationship be%/vﬁeen voltaégge O{amd current necessary to perform a varietéof electrical functions.

The passive’Bid atfive Sttudtifes St dIsshtall coinettéd to form redits Swiich nabie the™
semicondugtdrcdevice: toopetfarme hightspaebealculatord and other usefildunrdtionsty to be

Semiconductor devices ayre generally manufactured using two complex manufacturi rocesses, i.e.,
front-end RAAGALE I8, BHd BACK TR RSRTACiLring, SHch hVONIG potehially huRdrds of steps.

Front-end maresfiactaring mvahgs thedopmaticrsof @ plutakityof die drthensuriadceobiasemiconductor
wafer. Eacnp dig i%tlyé)icaillél((i%enthcal gn% lcgg%aénscgircruig% Jgrmed Py eéectrical%/ rlontneectip% active and

. Tmpur i S £ S er1al/to, nan ..
passive corr?ponents. Back-end manufacturing Involves singulating |nd|V|8ue]ﬂ e <)flrom tahe finished wafer

andpackagn@mmé(ﬁgagconductivity 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. FEach 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 environmental isolation. One goal of semiconductor manufacturing
is to produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprint, which is desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive
componentS Batk-eiid Broceseds mayesdlt #1'SeRitohtt e dedite pickages With a smaller footprint
by improvements in elegtdcajdaterconnestion and packaginguatedalss ing is HG. larshowsa
conventional semiconductor wafer 10 with a plurality of semiconductor die 12 formed on substrate 11 and
separated By sHW stPESHIAP RAY Watdr Efge 16 SContalepads 18 QRU didlebN 1557620 are formed over
active sutfase 2R<0f sesicenductgr died. Aipassivationfayera24is, foemed oxer dielgctiielayee 20.
However, saw street 14 designated for s(i]{‘n ulation and wafer edge 16 are devoid of gassivation. FIG. Ib
shows a [ Ve o HaLSiatin layet 22 Sbken? BuerSi birbet T afchHATer Blgé 16: Aadistribution
layer (RD19-28 is fermed everfpassiation,layeriztoi extend the bleetricat cenagctivity ©f gontact pads 18.
A passivatiroon dlaggrs 30 i%formeglovrer gagsivatioen IIlrzlagler 4 a?r;%lﬁDLesz? kls%um[I)ns %% are Lorgged.%t least
partially SVer mo ing area 3 and eIecf‘ncaﬁﬁ connected to - 985The %dée%ad‘sf in'a fan-out wafer
level chip-$calé package (FOWLESP) termah ic-have unstdbke cortactsesisiance, padicatarly when formed
in PVD. In addition, out-gassing from molding area 34 of the FO;WLCSP in PVD is known to effect
plasma STy 1 CHe e Sohoan o i aasitoh.  Bacrasnd e SRS contac
resistance<ndlplasmasguringooxide etchinipinia #QWIESRE Accordingly smedneembodimmenitnthe present
invention,js a;method.of making a semicpductor devige comprising the steps of proyiding a temporary
carrier, mounting a plurality of semiconductor die with contact pads oriented to the tempaorary carrier, and
depositingadreercapsulant over the semiconductor die and temporary carrier. A portion of the encapsulant

is designated as a sawstreet hetween, the semiconductor die. and:a padion:of the epcapsuyjant is

designated as a substrate edge around a perimeter of the encapsulant. The method further includes the

steps of féhidvirg e terdpdran,éarfieR f6rning & st ihsalatinglaydicser the semicondtictot die, saw

street, angd,substrate edge, fgyming,a first copdyctive |ayerever the dicstinsulating, layer apd glectrically
connected to the contact pads, forming a second insulating layer over the first conductive layer and first

insulating' fayBRArit Sih§RaERG tHEERcaplldft throtgRthe FirtinStatnslayeF ARG an stidet to
separate dhe sepicondustordie. 12. A passivation layer 24 is formed over

dielectric layer 20. However, saw street 14 designated for
singulation and wafer edge 16 are devoid of passivation. FIG.
1b shows a top view of passivation layer 24 absent over saw
street 14 and wafer edge 16. A redistribution layer (RDL) 28 is
formed over passivation layer 24 to extend the electrical
connectivity of contact pads 18. A passivation layer 30 is
formed over passivation layer 24 and RDL 28. Bumps 32 are
formed at least partially over molding area 34 and electrically
connected to RDL 28. The edge pads in a fan-out wafer level
chip scale package (FO-WLCSP) tend to have unstable contact
resistance, particularly when formed in PVD. 1In addition, out-
gassing from molding area 34 of the FO-WLCSP in PVD is known to

effect plasma stability in oxide etching.



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a carrier, mounting semiconductor die to the carrier, and depositing an encapsulant
over the semiconductor die and carrier. A portion of the encapsulant is designated as a saw street
between the semiconductor die. The method further includes the steps of removing the carrier, forming a
first insulating layer over the semiconductor die and saw street, forming a first conductive layer over the
first insulating Layer, forming a secorteaEYing faydtovEr R hirs?tonductive layer and first insulating
layer, and singulating the encapsulant through the first insulating layer and saw street into the
semiconductor die. In another embodiment, the present invention is a method of making a
semiconductor device CoMpPRSINGthE sted ot Frobidity & plitality Of skfifidoHdtietsr di8and depositing
an encapsulasth@venthensemiconductordien A portian of the escapsulant 4s designgtedias asaw street
between the semiconductor die. The method further includes the steps of formjng a first insulating layer
over the SEREONAGEr die*Snd S5 Street ForMinG ah hf)LaO\I}éertfﬁg irstindlitathitf 1aVer, and singulating
the encapsulanicthsougihcthedirstiinsulating tayet mndisaw streetdntorfthersemidanducior die. In
another %rgbo%imaept t(k:\glpl[e%q:nt invenr'gié)n IS aasemicggquc;ator gﬁvicggoggrgin&%gllﬁalgy of
semiconduclor die a%d encabsufan?alépoé'lfle% ovépr]tﬁe Semiconducior die. p%rtlon of the encapsulant is
designated a5 acsaw streetdbetween the semitanductortdiepA fisstynsulating layerisdformed over the

semicondyctor.die and saw siteet, A/irst conductive [averis formied over the st poylating layer. A
second insulating Tayer is formed over the first conductive layer and first insulating layer. The encapsulant

is singuldl@a_ilmggbr tf@@ﬁrtstehxsulamngﬁlayéri@rmd séw@%e@hﬂqmé@m’rcomlud&)fmm [_)es_cription
of the Drawings .., . FIGS. Jaclb,jlustrate & conyenfignal semiconductgrwaer with ng paggivation over

saw street or wafer edge;
the encapsulant is designated as a substrate edge around a

perimeter of the encapsulant. The method further includes the
steps of removing the temporary carrier, forming a first
insulating layer over the semiconductor die, saw street, and
substrate edge, forming a first conductive layer over the first
insulating layer and electrically connected to the contact pads,
forming a second insulating layer over the first conductive
layer and first insulating layer, and singulating the
encapsulant through the first insulating layer and saw street to
separate the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting semiconductor die to the carrier,
and depositing an encapsulant over the semiconductor die and
carrier. A portion of the encapsulant is designated as a saw
street between the semiconductor die. The method further
includes the steps of removing the carrier, forming a first
insulating layer over the semiconductor die and saw street,
forming a first conductive layer over the first insulating

layer, forming a second insulating layer over the first



FIG. 2 illustrates a PCB with different types of packages mounted to its surface; FIGs. 3a-3c

illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
4a-4h illustrate a process of forming an insulating layer over the saw street and around the substrate
edge; FIG. 5 illustrates the FO-WLCSP with an insulating layer formed over the saw street and

around the substrate edi%f FIGs. 6a-6d illustrate an insulating layer in a net pattern over the saw
street and ArouTd theSsuisstiate 8bgefafdt 1N SUERSS.A-TE Hktrafd dn fhisttatihgtapér fullf over the

saw streetrangbareund the substsateadger Detailed Rescription of dhe Prawigsaw street
into the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a plurality of semiconductor die, and depositing an
encapsulant over the semiconductor die. A portion of the
encapsulant is designated as a saw street between the
semiconductor die. The method further includes the steps of
forming a first insulating layer over the semiconductor die and
saw street, forming an RDL over the first insulating layer, and
singulating the encapsulant through the first insulating layer
and saw street into the semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a plurality of semiconductor die
and encapsulant deposited over the semiconductor die. A portion
of the encapsulant is designated as a saw street between the
semiconductor die. A first insulating layer is formed over the
semiconductor die and saw street. A first conductive layer is
formed over the first insulating layer. A second insulating
layer is formed over the first conductive layer and first
insulating layer. The encapsulant is singulated through the
first insulating layer and saw street into the semiconductor

die.
Brief Description of the Drawings

FIGs. la-1b illustrate a conventional semiconductor
wafer with no passivation over saw street or wafer edge;
FIG. 2 illustrates a PCB with different types of

packages mounted to its surface;



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 théFolfswing tisticstire ahddrafigietall oSerhiGonductor devices are

generally-agnufastiired Lsingstwe: conplextBanyfactusing Pracessesd fropt-end maifacturing and
back-end manufacturing. Front-end manufacturing involves the formation of a plurality of die on the
surface of a semicondﬁSFWaﬁéar._égcﬁ Ui G fﬁgﬁ/a?erpc%?]%ﬁ@ alfive ShdpadsivB electrical
components; wihkieh ate elegtically eonneeted 46 ferm fmctional eleefttigal aircuitsudetiveselectrical and
diodes, haye the ability to current. Passive electrical inductors, resistors, and transformers, create a
relationsﬁé%eeiween voltage and current necessary to perform electrical circuit functions. Passive
and active componentg are. fasmedlaver the surface ofthengersieonductonwaler dyla series of process

steps including.doping, eposition. photolithography. etening, and planarization, Doping Infroduces
impurities intG the Sémiconductor matenal by techniques sucﬁ asion |mplanlt1a ion or thermal diffusion.
The doping process madifies tltex eledtrical condudtivity of $emicondictpr materialiin active devices,

ansforming the semicondgtor materigl nto,an jnsulgtor, congyctoL, gr dypamically ghanging the
semicondUictor material con uctivity in response to an electric ield or base current. Transistors contain
regions of varying typesldiel-degreés of dopingrartanged ds\nedessangtolenabtle the transigtor to promote

or restrict the flow of electrical gurrent upon tpﬁeapggggt'&%%t_hgﬂgqtric 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 examplg iy §loy dBRIILQR, My N¥@Ve irhepical MAger deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between

components. THeClaherssedh-be paftBinerFusiig pRfofitHetaphy, Wificle veRER the deposition
of light sensifive: material, .9+ photresist; over theslayerto be patterned: ARaltera i o 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
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



transferred from a photomask to the photoresist using light. The portion of the photoresist pattern
subjected to light is removed using a solvent, exposing portions of the underlying layer to be patterned.
The remainder of the photoresist is removed, leaving behind a patterned layer. Alternatively, some types
of materials are patterned by directly depositing the material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and electrolytic plating. Depositing

a thin filnt 8P RRAETH DveP A exiEting it HT Ean xagderate tHetund&tiing pattéridnd ¢rebte a

non-uniforady flatisurfaces Addnitormiy Batrsurtage isrequired. to praduee,smallecand sore densely
packed active and passive components. Planarization can be used to remove material from the surface of

the wafer" SR8 BRStLCE a SIS ASERTFACES Pranari¥atich voive<pdikhify theXtifface of the wafer
with a potishing pagdmAnsbrasive frateriakand coriesive chemicad aresadded & thessurfaceefithe wafer
during polishing. The combined mechanical action of the abrasiye and corrosive action of the chemical
removes ré%ﬁr%éﬁﬁlér tOpaYTApIR/ PeSUlthg & TnifSrhAIG Hat sAHACE 195 - Back-end manufacturing
refers to cutting or singréatingvihedinishedowater intaribe individaalkdie @anddben packagiag the die for
structural sulp$ort andfeng:onmental isglatié)n. To sj @rul%te the die, the Wager is scored artld broken along
non-functiona argéeio(r)\s o1f Ye water cailed Saw streets or sgriﬁess.eﬁw%aev%af%r i 1s:i(r31ﬁﬁlséﬁc’ed'S u%ﬁa a laser
cutting toohod savi indadie Aftey sintriation; then indihidual die areymaouinted totapackageasubstrate that

gl\;:;Lrl(zﬁ: Ewasnoarrcozng%clt gg@s f%r mterconn%cl;lgéluvgléhsotlhr%g gﬁtﬁn gomgggentg.eContact pads formed

emiconductor die are then connected to contact pads within the package. The electrical
connectiorsnéarrbe nedder with seldier bumps; stuthbumps, conductive pastel op WirebahdsorArr
encapsulaptor gther; malding material s deposited over the package fa provide physical;support and
electrical isolation. The finished package is then inserted into an electrical system and the functionality of
the semicoritiictdridevice isimaga availsble tethevether systemmncafipenentdevices, FIG. 2 illustrates

electronic deyice 50:haying a.shin.carier, substrate or printed citcuit board {RCB) 52with a plurality of

semiconductor packages mounted on its surface. Electronic device 50 may have one type of

semicondiiitesackageCsr AMPIE Bpksiof Seniiednducidrpackagesrdererting'an e application. The
different typges of sefpieanductarhackages are shown inFlG 2 forpuipesesafdllustiations, « |

Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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



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

RF circuits: YisthEedeVides Br 8thdh Semiiestductordie or efdcticat tdmponents. L 190t - 1n FIG. 2, PCB
52 providessea generabsubstraie forstaiciurak suppeshand electiigal dxerconnect aiihe seaiconductor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 <l 808poratib, SleCdiyiic pratifPeeitde’s pratity’ seleehSHintige o 8the? suitable metal
depositionpreeesss Signal draces vddurovitiedor elegiricat eommunieatignheiweeneachof the
semiconductorvpe?g;:k es, mounée corg{ponent% and ot ej; external s ];tem componlents. Traces 54 also
provide powa? GrdrgroGRd toAnE&IbHE ok dih B the Semiconductor backadas v ety 1r%Bme
embodiments; & semicandudion device hasttwerpaskagingdevelstRiystdeyel packagingtie a technique for
mechani?n%{léleanda(ilectrrlicglI)égtta%f}in% the gemic%du%té)rr die tqoan gntegrmedigtescarrier. Second level
packaging IVOIVEs mlecﬁanicaﬁy and e?ec?rlcéfll?/la ac mgmt%e intermediate carrier to the PCB. In other
embodimaeats; aisemicoaduttopdevice smays only hawvetthe divstdevel gackagiag avhiere the dienisd
mechanically and electrically mounted directly to the PCB. For the purpose of illustration, several
types of fle%tglcg\t/]é g (ﬁélcéi g,%cjl&%hg wire bond package 56 and flip chip 58, are shown on PCB 52.
Additionally, several typep of s&darid kevehpackaging, irfcloding had gridvarrayp(BGA) 60,1vgmp chip

carrier (Bga%k%%ﬁu@m-@@%e%@g@e<0eﬁg 6611'&891%%% B, (LGAR),68,multiehip madylg (MOM) 68,

guad flat'non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Depending éipor tHey systeimn reguirements, anycohsbindtiorf dbderficohdgctor pacikanest ednfigured with

any combjnation.of first and second Jevel packaging styles, as well as, other lectronic,components, can

be connected to PCB 52. In some embodiments, electronic device 50 includes a single attached

semicondifsterpEckage, while oficr aHibodinents B8l foF PRulifleliftereshrietted packagesBy

combining; NesQfIAQEE. SefRICONdUGTIOF PACKAGESOVRL A-single substrala,ymanufactrers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sBpRRtEatéa frctiohality Bfettronic ddvicss cairbe tdmitactifed (ising theapdr-édmponents

and a stregamlined manpdacturing, pLeGess: Thematerial and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
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



resulting devices are less likely to fail and less expensive to manufacture resulting in a lower cost for
consumers. FIGs. 3a-3c show exemplary semiconductor packages. FIG. 3a lllustrates further
detail of DIP 64 mounted on PCB 52. Semiconductor die 74 Includes an active region containing analog
or digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers
formed within the die and are electrically Interconnected according to the electrical design of the die. For

example ARE Tirtait My intfide e mord ansisfsrs Idicaes, RdaG6is: tapatittts S siétsis, and
other circittalementsformedihin theiagivesegioneisemicordycier die & Gantaglpads.76 are one
or more layers of conductive material, such as aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au),
or silver (AYy) SATE B éRBtricATy SbRfiéctld 16 e cifdlitéibmhents feteuwitif sehficoridifctor die 74.
During assembly of DIPBdo semicandpstiardie 449 sraunied teaa steimneadiatesearsiet ¢8 using a
gold-silico% eutectic I%yg[ or adhesive material such as th?}[m,al 1g::té)lox or;goxy r,esirjc‘. The [:gackage body
Includes A tnSulAivE BAcRAYHY Haterfal sUch asbolymeror Eerantic. Conductoridads 80 ad wire
bonds 82aprovideselectricalilotertanyect between semiconductosdiel €4 afned REBraRidncapsulant 84 is
deposited ggﬁrlthgl%acggggﬁor %r%\groprréenggl ngnro(t:chI%ionnbé/ reventing moisture and particles from
entering fhe pac?age and con?amlna%ng dié 72 or'wire Bonds 82. FIG. 3b lllustrates further detail
of BCC 62 mounted orfPGB %2.i1Sémiconduetor die=88 isomopunteelvover cadriéra30i using amhumderfill or

epoxy-resin adhesive material 92. Wire bonds 94 Erovid first level a gi Interconnect between
contact p%?:]g]@ and 5&.5&]6%%9 com 66?%%? eﬁcéggujl%n?a 100 § d%p%%teg%ovgrl 1s:emla(:onductor die 88
and wire bbnds 94ty prévidemplaysichl stipport apdagectrivalisdlatiorr forithe devicea Contact pads 102

are formed gyer, 8, syriace of BCBS2 Hising a suitable g'edeo@sggﬁ_i%’ﬁ%%ﬁ%@ 83 sleghrolytic plating

or electroless plating to prevent oxidation. Contact pads 102 are electrically connected to one or more
conductivi sighalttraces 54 vePCBH5Z Bumps 404 ape forarethbetive eheaomtabtipadsog-6BCC 62 and

contact p%?E 102ANREB S27pe 4 £ HLELG3G fﬁ@c%'ld%%ﬁ{i@%@@dé{%‘%“'ﬁggﬁ%%%go‘é(?éo

intermediate carrier 106 with a flip chip style first'level packaging. Active region 108 of semiconductor die
58 contaifi8 &faldglof digitalcifctits inpRpsEted Asiactivé tevicespassive devices, conductive layers,

and dielectric layers fopmed @egarding;ia theeleetrigal design, ot the-die shenexamples the-¢irguit may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements within

active redidf 1081 Seffifdndiriordie 588 efétdficallyariFmeehanicaly E3nAEti&d to carrier 106 through

bumps 13Q.ectrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 2, 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.



BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the device. The flip chip semiconductor device provides a short electrical conduction path from the
active deVic@8dh JerfictAductoPaRES o dotduttiBh tratks bn P EB B nrdertdediice Signal
propagation-gistancenlowes capaeitances and dvpeyesqverall sireuit pefermanaes Jn anather
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flip TS Sty st B ST VRGOSRt medldie Cafriet106-5° PTOHIES. B2 Rfllustrate, in
relation taidGsr2and 3eo3e,acprosess obfarming an instdatingnlayenavertdbe sasestseetsand around the
substrate edge. In FIG. 4a, a substre%{e or carréer 120 contains t mggrary r sacrifiE}i%I base material such
as silicon, polymer, poff/fhet ¢brosias MEtA!: Eéra?niéfea\égs?,ngag s 860%%‘6%%%" HxidE or other
suitable lpwetost,inigjd teatetial.for BtrueturdlsupporiaARdnterface fayer os tape 422 isapplied over carrier
120 as a temporar faigﬁesive r bonding.layer. releasable with ultra-violet .(Uv%éi ht or heat.
Semiconbuar 194 51 LA O AL BpE 33 Wit Eb Sttt PGS 128 aractys siftace 128
oriented towaird tcarmerdi2(. Active surface 128 contains anadlogaarkdigiial circuit® implemented as active
devices, passius dexices, conductive [ayets, and dieleelris layers formed within, he die and elegtrcally
interconnected accor inﬁ to the electrical deS|g¥| and function of the die. For example, the circuit may
include ohe orlmorédFansistors; dicdessahd dtverrdircuitelemeatscofmed withite sidtive surface 128 to
implement analqg, circyits ordigita! cireyits, such,as digital,sianal pracessor (DSP), ASIC, memory, or
other signal processing circuit. Semiconductor die 124 may also contain IPDs, such as inductors,
capacitorse ahd résistbly; fonRFsigedl precdskingrounted ahiipsdlativg top didlectricRayer 130 is formed
over active surface 12& gpd&g)@t?%plggg d26using VD, SMRprinting. SpIN ¢aating, spray coating, or
thermal oxidation. The insulating layer 130 can be one or more layers of silicon dioxide (5i02), silicon
nitride (SBBNBL siliedis bxpitiERISION) fantaldhperiidXige PrazdF)2 sikatifumtoxidel (A1208), polyimide,
benzocyclghyene (BCR), Relybenzoxazeles{PBO), gr othes syitable dielectricimatgrial A portion of
insulating layer 130 is removed by an etching process to expose contact pads 126. FIG. 4b
shows setficBRGuctBl Gie FPRFouhRs toléd’n%é‘ﬂﬂélfép]@ail . Antehcpsatant BFfoldifg doripound 132
is depositad: gvercarriernl2Gand semjcongiictor die 124 ysinaa pasteppiintings compressive molding,
transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable
applicatof "Ercapstfiit 132 cdf e polsier dBripbshe iHiatdtial SucH'a8pok§ re SRRt R Sepoxy
acrylate with fillefe or polymeroyithuproper filers Encapsant32 is, nencongdustive and envigoynentally
protects the semiconductor device from external elements and contaminants. , ,

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. 1In 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

-10-



In FIG. 4c, carrier 120 and adhesive tape 122 are removed by chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, laser scanning, wet stripping, UV light, or heat. Semiconductor
die 124 remain embedded with encapsulant 132 which operates as substrate 133 with embedded or
caved die. Saw street 134 defines an area for later singulation operation. Substrate edge 135 defines a
perimeter of the substrate. In FIG. 4d, an insulating or passivation layer 136 is formed over
substrate” £33 by PVD CEVBCBANGRG spiitodtint: ShrdyPcdating, B thetAiaf okBESS Tite iSulating
layer 13Grcanibe ©pe: meredayersof 5102, S63N4, SION, Tag05: M23or Hther material having similar
insulating and structural properties. In particular, insulating layer 136a covers contact pads 126, insulating
layer 130, and molding’ f@i’lﬁd@sﬁgﬁﬁ% 67 fritEHBRNe G TA-OUR A PbRiorParireHiStng layer 136a is
removedmy@an etehingl proeess tasexpaseneantaettpacts 116. Tie etechinguyireeessoalse credtes a gap or

channel 140 in the 'nsulatin%gla er7§n %ﬁfgs]?si sides of saw street 134 which defines insulag\%layer
136b over The SaWTRGion designated T 'Hﬁﬂ%ﬁti&? Cifannat 148%0fRer Gtinas 1n8datig ty8r 136¢
along sulbstrate etdge1135bi r cuit s FlGpdernsa tepl view afdnswiating layes 4 36poves substrate 133. In one

embodimﬁn‘t/1 .cgggnel (134%i3c3501'§g r51:;%romgter§31 W%de i‘lé eeingulgtingéa errsl3ggraI{1§ dliéqalcharrtlially covers
saw streét 134 and substrate edge 1 Y Thannaf’ 48{ex ends 10 the p gkage passivation edlge to
minimizetthe frone sielecogassiig frominwlding sutface ¢88cThedhsutatimgdayer 136 alse planarizes the

surface far. subﬁsequerﬂt Igggrs ando§e%%rgs é@e thicI%ness of fing&gassti\{latiocn.over contact pads 126 for
| 4

. Llex ' - .. T
bumplng,e which in furn controls the re ability of S|ngu?§teﬁxcﬁén on 4 test boarc ,%%%tlcurf]éﬂrlvy for corner

bumps. include F<1_>@.e4f91anrfe_1@©trit:aw1®dmﬂmti$e Iayérqq%is i@mmt@ve?rringailati@gIHyw 136a and
contact pads 126 ysing pateraing.and PVD, .GVD, gleciolytic plating, glecirpless, plating process, or other

suitable metal deposition process. Conductive layer 142 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or otii&rssuitableleleetricaity dondictivé imatétial. Conduztie ke 149 is efecticallgconneeted to

contact pf‘%?é@? and %@{&5%%@8«@%&'@&3%@“9&@% egesctrécl%@m}lﬁqtie@i}y ©f the, coatact pads.

Additional RDL layers can be built up on the substrate. An insulating or passivation layer 144 is
formed o¥érMihsulatifg [ayer 136aRIIRDY 1042 By PYD(ASV D, prntingl $pin ddeting, 3prayadoating, or

thermal axidation; The iRsulating:layer 144 candbeane-or moke layers of 3102313\ SIQN, Ta205,
Al203, or other material having similar insulating and structural properties. A portion of insulating layer

144 is redved By R ERRINSTocdss tPe¥icse RpBerply 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
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 3b 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. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is

deposited over semiconductor die 88 and wire bonds 94 to provide

-11-



In FIG. 4g, an electrically conductive bump material Is deposited over RDL 142 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to RDL 142 using a suitable attachment or bonding process. In one embodiment, the bump

material Béfiowed by HEtihg the thatdRstdbovelitsimetmgintteTofh S ph&tidahalls or bumps 146

extending ahleast padially over melding areai138.dn some applications phwmnps 146:atg reflowed a
second time to Improve electrical contact to RDL 142. The bumps can also be compression bonded to

RDL 1425BhpR 46 e presétitond type Bf I8 connie St e thaGE L& bE Fdrm&d 8VerRDL 142. The

Interconnect siracture car alse1use: bend wiresestad thuma,daiciohumps on other eleetdcal dnterconnect.

In FIG. 4h, subsifrate 1331 ;ingulated thro(%?h insulating Ia?éer 136 an% saw street 134 using saw blade or
laser cuttifg toot 148 1 ggspL thté HE fdividuat SeRficortiuctr die 1229H 0 FOSWEEEF 150. Saw blade or
laser cuttingatoot 148 can UseR Single cutngsstap éutare forkd@. bshowsFQMWLESP tEMafter

singulation, Cont 132, RDL 142, and hu 46 _pr Ee lectrical connection to the circuits on
active sucyl:gcéD 3%(8%‘:1?%?’18%ﬁ1§in%0|%§&‘c %3@ S or:]rrgg p?%rlt%\“l lezl42 and covers saw street 134 and
substrate edge 135, legsichatnel 34, tereducedutgassmydrdri meldmguaread 382 Fhednsulating layer

136 Imprg\éesl contact r Si tance in PVD f%gan‘;]g thedagefealds %%dl aglass alétapi.l(ijgysguri'%g]o ide etching.

. er 1 e rrier .
The insulating Iayerri% also reduces particles and other contaminants rdm mo ing area 138 during

_singulgtimﬂckaginq FIG&c6a-6d Ihestrate, ihG8latibnieFiGsn2antdBa-3d,ca process of farming an
insulating, [ayer,in 3 pet;patiern,over fhe, saw sfreet and araund, the. sybsprate edge EIG. 6a shows

substrate 160 with embedded semiconductor die 164, similar to FIG. 4c. Semiconductor die 164 have
active suFfaee 176 contdining anatoocdigital dirciits 3mperdented escadtive devitass passivedevices,

conductive layers; apd dielegiiclayers formed within,the gie and ejectrically Intercgppacted aggording to
the electrical design and function of the die. For example, the circuit may Include one or more transistors,

circuit may include one or more transistors, diodes, inductors,

capacitors, resistors, and other circuit elements within active

region 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.

Semiconductor die 58 is electrically connected to conductive

signal traces 54 in PCB 52 through bumps 110, signal lines 114,

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
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diodes, and other circuit elements formed within active surface 170 to Implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 164 may also
contain IPDs, such as Inductors, capacitors, and resistors, for RF signal processing. An insulating
or dielectric layer 174 is formed over active surface 170 and contact pads 172 using PVD, CVD, printing,
spin coating, spray coating, or thermal oxidation. The insulating layer 174 can be one or more layers of
5102, SI3N4 SN TPA205; 2365 okfifhide, BCB, PBO, or other suitable dielectric material. A portion of
insulating layer 174 is remevediby an etching precess to.expese coptact padsd42. 2 and An-dnsulating
or passivation layer 176 is formed in a net pattern over semiconductor wafer 160 by PVD, CVD, printing,
spin coatitity, sprayf C5G, OF tHetfat BRidaflor P sulkdingddyer £6Cart BE ond'orihdfetihyers of
5102, SI3N4, SKIN,NEa205: AI203; or otkeranagterial bavingsimilar,insulating endtstrustural properties. In
particular, insulating layer 176a covers contact pads 172, insulating layer 174, and molding area 178
esignatédH o Iter oRheEt PS¢ A SBRIN B Instiati Tager 763 1o TaRToVR B 4 bichig process
to expose scantactpads 1721 theretching precessoalpo staates net patterack8tndhe disidating layer on

either side.of saw street 1%? Whiftfidefinegirasulatgnrg Iagggl?Gb 0 erﬁ%w J?treet 16% de%ignat d for
1

singulati%l.Ef\Fest p%?t%?{ﬁ’m flnher'defines msedlatlng I%lyer 176¢a oahg subs?rvét_ecgégé IF(G. 6bis a

top view ohkinsulatihg fayer I76uwitlv aaet patterr £80 oker serncohduetor avater 160.damet pattern 180,
some portiong1 of J’Inseucllatin\gﬁI(ayer 176 g)étepgdjegween insulatinaquayer }1176a, and othg{j ggritigns of
0

insulatinglﬁayelpﬁ are br Iénct%}: fhe net patterr?. EIGF%IEPS lows further detail of net pattern9180 with

al_ternatingapmtern@I@&@gé@be anﬂt@bgeht:ea)f\i’liaﬂlgtmg(léyér 11@.h'the>ms]umihg layer 176b and 176c,
with net pattern 180, redyces gut-gassipg {rom mojding.arga 1,/8. 4 +, Relwning o HG. £3,an

electrically conductive layer 182 is formed over insulating layer 176a and contact pads 172 using
patterning ad R¢DLEVD, iekdrolyifc plating, dléctfoless prting bPGcessi onbtér saitalié metal

depositiopprogess. Canductive layer 182 €anbe one opmore layers of A G Sgital

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 128 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 IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.

An insulating or dielectric layer 130 is formed over
active surface 128 and contact pads 126 using PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.
The insulating layer 130 can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Taz205), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or

other suitable dielectric material. A portion of insulating
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Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 182 is electrically
connected to contact pads 172 and operates as an RDL to extend the electrical connectivity of the contact
pads. An insulating or passivation layer 184 is formed over insulating layer 176a and RDL 182 by
PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The insulating layer 184 can be one
or more layers of 5102, SI3N4, SION, Ta205, Al203, or other material having similar insulating and
structuralproperties) ALsoriGROY fitSuRMinglaFerTB4 rehfived Dy 4n BIEHRRIproeB5E & expose RDL
182. padAnelgctrically conductive bump material is deposited over RDL 182 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printin g]rocess. The bump material can be

Al, Sn, Ni, Au, Ag, Pb, B1 cu?RBoRfar"shd EBMBHATIBRS BerBof with‘am'8pideal fiuk solution. For
example dhrduiwe majedal Ican .be autestie Sp&0, drigh-deadwsaldern ordeag-teasolder. The bump
material is bonded to RDL 182 using a suitable attachment or, bonding process, In one embodiment, the
bump maISHAIIE FEbwaE by RERGY el MoteHl abVe REFAITAG bofit fo tor &péiftatbals or bumps
186 extepdingat teaist partiplly @vep moldihgarea 1d 8nly, same mpphcationsd bumps118puare reflowed a

second tiénecta? Ig] rov% eIlﬁeocirélc:arl1 cont‘}aé:(t: 50 RDfaIln%zrthhie t%umgs can a(l)saqcb?1 com(prre%sci%n bonded to
RDL 182. ﬁunﬁos represent one type of Interconnect structire that ¢an be Térmiéd Sver RDL 182. The

Interconnect strbdtarexpan atsotuse. bonthwines pstad thuh¥@, mero bampo, by other etegtrcal ieterconnect.

In FIG. 6%, emiconuctor ylvafer 160 is singulated th u%h.i ﬁulatin layer 176 a@ aw street 166 using
saw bladea(l)%%slear c’uttlsnugctoo?f8§ fo }éé/p%%el 'Fhewih%lvi ulaﬁF sgﬁﬁcc% d%/}(i:f]oradp 1 ﬁlr?tovﬁg- LCSP 190,
similar tofRIGl &r Sawrbladé wrdaser culttinygrtopk 188 tan ese a Singkeccut brstepldut. Contarct pads 172,

RDL 182, and bumps.186, provide ¢ISAiHcal cannealipn £ the; cirguits oy actyesurface 1 i ce

from external elements and contaminants.

In FIG. 4c, carrier 120 and adhesive tape 122 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, wet
stripping, UV light, or heat. Semiconductor die 124 remain
embedded with encapsulant 132 which operates as substrate 133
with embedded or caved die. Saw street 134 defines an area for
later singulation operation. Substrate edge 135 defines a
perimeter of the substrate.

In FIG. 4d, an insulating or passivation layer 136 is
formed over substrate 133 by PVD, CVD, printing, spin coating,
spray coating, or thermal oxidation. The insulating layer 136
can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural
properties. In particular, insulating layer 136a covers contact
pads 126, insulating layer 130, and molding area 138 designated
for interconnect fan-out. A portion of insulating layer 136a is
removed by an etching process to expose contact pads 126. The
etching process also creates a gap or channel 140 in the

insulating layer on opposing sides of saw street 134 which
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The insulating layer 176 is formed prior to RDL 182 and covers saw street 166 and substrate edge 168,
less net pattern 180, to reduce out-gassing from molding area 178. The insulating layer 176 Improves
contact resistance in PVD for fan-out edge pads and plasma stability during oxide etching. The insulating
layer 176 also reduces particles and other contaminants from molding area 178 during singulation.

FIGs. 7a-7c lllustrate, in relation to FIGs. 2 and 3a-3c, a process of forming an insulating layer with full

coveragel ober e saiv Stréct-and A the Yubsirafe Fi8. 75%SholsKuibsHate 260 With
embeddegh sepicenduetor dien20h similantofte: ker Searcendiicterdlie 204haveaneactivessurface 210
containing analog or digital circuits im?lemented as active devices, passive devices, conductive layers,
and dielet itV 1dy 880 Ma4 Wifki¥the'di and electrically interconnected according to the electrical
design and function of thesdie4 &Eot exampts; the etrcwt maydnclyde ogeloryaerelteansisters, diodes, and

other circuit elements formed within active surface 210 to implement analog circuits or digital circuits,
such as Iﬁgg?}&%? memory, o' otﬂ%?s@lﬁ P&'H&Sgﬁhg %h%ﬁi?%eé% nagct]égca#’e%lm may also contain
IPDs, suehi ag inditctars, edpacitors; landinesisiors;ifog RFasighall préicessingl36c pakn eidctgcally

conductive layer 212 is formedtov% EC“V%SUH%S%H usméi; ecgattle%lng WaPVD CVD, electrolytic

plating, efeocho?eSsssﬁlgtir?g ﬁ%ecess, or Gther Suitablé métal eosnlon'procesél.n@&n&uc ive layer 212 can

be one oemore tayers of Ak Cup GmdNi, AasAdyvartdther suitablé electrcally sonduetivier material.
Conducti\S/(;;'L (I%Ker 212a05perates tas contagt Cpads electfigglley E%@.ect%qlgo tlhescircu't§ on zicgive surface

210. noilr%is—'glatlr?gl or dielectric ?aye%%(hslg ormed over active surface JZ?L and contact pads 212

using PVD3 €D sprimihgy spinzcoating espray coating car thelraakoxddatiors ievesinsuldting layer 214 can
be one oy mae layers, of 2102, BiaNd, SIPN: 113205, AlZ03, polyimids, BCB. FBQ.or ggL 126

for bumping, which in turn controls the reliability of

singulated die on a test board, particularly for corner bumps.

In FIG. 4f, an electrically conductive layer 142 is
formed over insulating layer 136a and contact pads 126 using
patterning and PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 142 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 142 is electrically connected to contact pads
126 and operates as an RDL to extend the electrical connectivity
of the contact pads. Additional RDL layers can be built up on
the substrate.

An insulating or passivation layer 144 is formed over
insulating layer 136a and RDL 142 by PVD, CVD, printing, spin
coating, spray coating, or thermal oxidation. The insulating
layer 144 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. A portion of insulating layer 144 is
removed by an etching process to expose RDL 142.

In FIG. 4g, an electrically conductive bump material

-15-



suitable dielectric material. A portion of insulating layer 214 is removed by an etching process to expose
contact pads 212. An insulating or passivation layer 216 is formed with full coverage over
semiconductor wafer 200 by PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
insulating layer 216 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural i)ro erties. In particular, insulating Iaﬁer 216 covers contact pads

212, insulatingRyer2t4! molding atea'28, $0bstateedy& 208, Hntiéaw Stré&t-2(6 dedignated for

interconnechfaneyt. Alpertien of msulatingilayer 26 is remayeddy ar etchingprocess (o expose contact
pads 212. FIG. 7b is a top view of insulating layer 216 fully covering semiconductor wafer 200, including

molding &e81%° saw'Stfedt 288, BAG ShbstateBuge2ds.r S eletricafly coRdudtive layer 222 is

formed ower, insulating Jayet 2 16cansh eertacthpadsh2k2 usingwatterring andiRviR 1 CvD;electrolytic

plating, electroless plati%%grocess, %othe{]suiéable metal depasition process. Conductive%a er 222 can
) M

be one of fiore tayfets of Af, CiE 8K N7 AL Rg PO Sthar sitaiste efstirically Conatttve mAteridl.
Conductiue dayer 222 is elettiGallyrcohaedtetirtocontdct pads 2lR-and.operates-ad ah RBL to extend the

electrical connectivit fqt%g tact pads. .. _An insulating or passivation layer 224 is formed over
neulating RNar 916 SiDL Y22 by BIDR CUB, R S CaMRG, Shras SRR, or thermal
oxidationpThearsulatiiglayee224icad becorie ottmorélayersef Sidla 5i3N4 rSION,wka2 05y Al203, or

other majerial having simlarinsylaing and sttuclural propeies, Aporign of Insulating laver,224 s
removed by an etching process to expose RDL 222. n electrically conductive bump material is

depositedbavesRDL 222ngsing 4 evaporationy ebactrobgictplating, isldcttolessplating ddalbdrop, or screen
printing pracess, The bump material can;be Al Sn, Nipay, 29,78, Bi, Cu. seldsr, and,campinagons
thereof, with an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead

time to improve electrical contact to RDL 142. The bumps can

also be compression bonded to RDL 142. Bumps 146 represent one

type of interconnect structure that can be formed over RDL 142.

The interconnect structure can also use bond wires, stud bump,

micro bump, or other electrical interconnect.

In FIG. 4h, substrate 133 is singulated through
insulating layer 136 and saw street 134 using saw blade or laser
cutting tool 148 to separate the individual semiconductor die
124 into FO-WLCSP 150. Saw blade or laser cutting tool 148 can
use a single cut or step cut.

FIG. 5 shows FO-WLCSP 150 after singulation. Contact
pads 132, RDL 142, and bumps 146 provide electrical connection
to the circuits on active surface 130. The insulating layer 136
is formed prior to RDL 142 and covers saw street 134 and
substrate edge 135, less channel 140, to reduce out—-gassing from
molding area 138. The insulating layer 136 improves contact
resistance in PVD for fan-out edge pads and plasma stability
during oxide etching. The insulating layer 136 also reduces
particles and other contaminants from molding area 138 during

singulation.
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solder, or lead-free solder. The bump material is bonded to RDL 222 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 226 extending at least partially over molding area 218. In
some applications, bumps 226 are reflowed a second time to Improve electrical contact to RDL 222. The
bumps can also be compression bonded to RDL 222. Bumps 226 represent one type of Interconnect

structure that can be friiEd: ovEt ROL 225U FhE #itercothetEefiicttre E&h asEise?bditPwites, stud

bump, migkg bumpr ok ther efectieal 1Rtgreanneet ul at i ndn FGe #c.isemicapdugiar wafer 200 is
singulated through insulating layer 216 and saw street 206 using saw blade or laser cutting tool 228 to

separate & IndiiGuISEnTicoiict8r ie P04 nth EBSWLESP 236°siffifaF to FIGSs. $4w blade or laser
cutting tooh228 caniserasiagescutior ste e eltte Entact pads 212w Rir222 candlaymps R26arovide
electrical connection to the circuits on active suyrfac 0, The insulating layer_216 is formed prior to RDL
222 and fully'covers Saw steBt-568 ahd %ﬁﬁséjét% ga%% ?ﬁé’.erhaeciﬁéﬁfl%tiﬁg JT&C\fe?eleEﬁl) proves contact
resistancedn PAD fordanrout edge padsandsplasmacsiahibity idiysingnexide etching: dthieviasulating layer
216 also reducessparticles and o&her. contaminoarpct{%from mo din% area 21 dé[urin sir]%gfulation.

a

. evice S$lve e ces C Crilve a rs, . an lele X . .
While oné Of niore’embSdiments of the présent iAvention have’ baer illtiaffated i de il the skilled artisan

will appreciaterthattmodHidationshand adaptations 1ol tholsecembaodimients mayrioe masetwithout departing
from the scone 9t g RrgseptInysnion 3s.set fouth i the flowing CIAIMS. ¢ the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
170 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 164 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.

An insulating or dielectric layer 174 is formed over
active surface 170 and contact pads 172 using PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.

The insulating layer 174 can be one or more layers of Si0O2,
Si3N4, SiON, Taz205, Al1203, polyimide, BCB, PBO, or other
suitable dielectric material. A portion of insulating layer 174
is removed by an etching process to expose contact pads 172.

An insulating or passivation layer 176 is formed in a
net pattern over semiconductor wafer 160 by PVD, CVD, printing,
spin coating, spray coating, or thermal oxidation. The
insulating layer 176 can be one or more layers of Si0O2, Si3N4,
Si0ON, Ta205, Al203, or other material having similar insulating
and structural properties. In particular, insulating layer 176a
covers contact pads 172, insulating layer 174, and molding area
178 designated for interconnect fan-out. A portion of

insulating layer 176a is removed by an etching process to expose
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Claims What is claimed: 1. A method of manufacturing a semiconductor device, comprising: providing a
carrier, mounting a plurality of semiconductor die with contact pads oriented to the carrier;

depositing an encapsulant over the semiconductor die and carrier, wherein a portion of the encapsulant is
designated as a saw street between the semiconductor die and a portion of the encapsulant is designated

as a substrate edge around a 2perimeter of the encapsulant; removing the carrier to expose a surface
(ﬁtheen&%&imﬁﬁ.pads 172. The etching process also creates net pattern

180 in the insulating layer on either side of saw street 166
which defines insulating layer 176b over saw street 166
designated for singulation. Net pattern 180 further defines
insulating layer 176c along substrate edge 168. FIG. 6b is a
top view of insulating layer 176 with a net pattern 180 over
semiconductor wafer 160. In net pattern 180, some portions of
insulating layer 176 extend between insulating layer 176a, and
other portions of insulating layer 176 are broken by the net
pattern. FIG. 6c¢c shows further detail of net pattern 180 with
alternating pattern of presence and absence of insulating layer
176. The insulating layer 176b and 176c, with net pattern 180,
reduces out—-gassing from molding area 178.

Returning to FIG. 6a, an electrically conductive layer
182 is formed over insulating layer 176a and contact pads 172
using patterning and PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 182 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 182 is electrically connected to contact pads
172 and operates as an RDL to extend the electrical connectivity
of the contact pads.

An insulating or passivation layer 184 is formed over
insulating layer 176a and RDL 182 by PVD, CVD, printing, spin
coating, spray coating, or thermal oxidation. The insulating
layer 184 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. A portion of insulating layer 184 is
removed by an etching process to expose RDL 182.

An electrically conductive bump material is deposited

over RDL 182 using an evaporation, electrolytic plating,
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forming a first insulating layer over the semiconductor die and directly on the saw street and substrate
edge; forming a conductive layer over the first insulating layer and contacting the semiconductor die;
forming a second insulating layer over the conductive layer and first insulating layer; and singulating
the encapsulant through the first insulating layer and saw street to separate the semiconductor die. 2.
The method of claim 1, further including forming the first insulating layer to cover a molding area around

the semiCorfftlctSt e S 3PFRE Mhéthol Bt tIdih® fuRRerSRERBIMGOMHMING theRirSGRsHating Iyer to
cover thegipesavestiegt anghmplding , 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 RDL
182 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 186 extending at least partially over molding area 178.

In some applications, bumps 186 are reflowed a second time to
improve electrical contact to RDL 182. The bumps can also be
compression bonded to RDL 182. Bumps 186 represent one type of
interconnect structure that can be formed over RDL 182. The
interconnect structure can also use bond wires, stud bump, micro
bump, or other electrical interconnect.

In FIG. 6d, semiconductor wafer 160 is singulated
through insulating layer 176 and saw street 166 using saw blade
or laser cutting tool 188 to separate the individual
semiconductor die 164 into FO-WLCSP 190, similar to FIG. 5. Saw
blade or laser cutting tool 188 can use a single cut or step
cut. Contact pads 172, RDL 182, and bumps 186 provide
electrical connection to the circuits on active surface 170.
The insulating layer 176 is formed prior to RDL 182 and covers
saw street 166 and substrate edge 168, less net pattern 180, to
reduce out—-gassing from molding area 178. The insulating layer
176 improves contact resistance in PVD for fan-out edge pads and
plasma stability during oxide etching. The insulating layer 176
also reduces particles and other contaminants from molding area
178 during singulation.

FIGs. 7a-7c illustrate, in relation to FIGs. 2 and 3a-

3c, a process of forming an insulating layer with full coverage
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area. 4. The method of claim 1, further including forming a channel in the first insulating layer on
opposing sides of the saw street. 5. The method of claim 1, further including forming a channel in the first
insulating layer along the substrate edge. 6. The method of claim 1, further including forming the first
insulating layer in a net pattern to cover the saw street and substrate edge. 7. The method of claim 1,
further including forming a bump over the conductive layer. 8. A method of manufacturlng a

semicondlittor dé\ice TConTprisitd: odidiig A Barrers substrate edge.

shows substrate 200 with embedded semiconductor die 204, similar
to FIG. 4c. Semiconductor die 204 have an active surface 210
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
210 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 164 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.

An electrically conductive layer 212 is formed over
active surface 210 using patterning and PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 212 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 212 operates as contact
pads electrically connected to the circuits on active surface
210.

An insulating or dielectric layer 214 is formed over
active surface 210 and contact pads 212 using PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.

The insulating layer 214 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al1l203, polyimide, BCB, PBO, or other
suitable dielectric material. A portion of insulating layer 214
is removed by an etching process to expose contact pads 212.

An insulating or passivation layer 216 is formed with
full coverage over semiconductor wafer 200 by PVD, CVD,

printing, spin coating, spray coating, or thermal oxidation.
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mounting semiconductor die to the carrier; depositing an encapsulant over the semiconductor die and
carrier, wherein a portion of the encapsulant is designated as a saw street between the semiconductor
die; removing the carrier to expose a surface of the encapsulant; forming a first insulating layer
over the semiconductor die and directly on the saw street; forming a conductive layer on the
semiconductor die and over the first insulating Ia%/er; forming a second insulatin ,Iager over the
conductive'fayeraHd fifstifsulatiitf lager angn Pe one or more layers of 5102,

Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. 1In particular, insulating
layer 216 covers contact pads 212, insulating layer 214, molding
area 218, substrate edge 208, and saw street 206 designated for
interconnect fan-out. A portion of insulating layer 216 is
removed by an etching process to expose contact pads 212. FIG.
7b is a top view of insulating layer 216 fully covering
semiconductor wafer 200, including molding area 218, saw street
206, and substrate edge 208.

An electrically conductive layer 222 is formed over
insulating layer 216 and contact pads 212 using patterning and
PVD, CVD, electrolytic plating, electroless plating process, or
other suitable metal deposition process. Conductive layer 222
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 222
is electrically connected to contact pads 212 and operates as an
RDL to extend the electrical connectivity of the contact pads.

An insulating or passivation layer 224 is formed over
insulating layer 216 and RDL 222 by PVD, CVD, printing, spin
coating, spray coating, or thermal oxidation. The insulating
layer 224 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. A portion of insulating layer 224 is
removed by an etching process to expose RDL 222.

An electrically conductive bump material is deposited
over RDL 222 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
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singulating the encapsulant through the first insulating layer and saw street. 9. The method of claim 8,
wherein a portion of the encapsulant is designated as a substrate edge around a perimeter of the
encapsulant. 10. The method of claim 9, further including forming a channel in the first insulating layer
along the substrate edge. 11. The method of claim 9, further including forming the first insulating layer in
a net pattern to cover the saw street and substrate edge. 12. The method of claim 8, further including

forming tR& fir&insating RYer tc°Covit Hmblding SfedLarountthe seficonduetortie. 43. #HE method

of claim 12 furtherigcludingifosming thediustinsulating layer da egveyrtbeantire saw sirget and molding
area. 14. The method of claim_ 8, further including forming.a channel in the first insulating layer on
oppognd?ﬁﬁggbﬁﬁﬁggmﬁEﬁe@ﬁmp material "is reflowed by heating the

material above its melting point to form spherical balls or
bumps 226 extending at least partially over molding area 218.

In some applications, bumps 226 are reflowed a second time to
improve electrical contact to RDL 222. The bumps can also be
compression bonded to RDL 222. Bumps 226 represent one type of
interconnect structure that can be formed over RDL 222. The
interconnect structure can also use bond wires, stud bump, micro
bump, or other electrical interconnect.

In FIG. 7c, semiconductor wafer 200 is singulated
through insulating layer 216 and saw street 206 using saw blade
or laser cutting tool 228 to separate the individual
semiconductor die 204 into FO-WLCSP 230, similar to FIG. 5. Saw
blade or laser cutting tool 228 can use a single cut or step
cut. Contact pads 212, RDL 222, and bumps 226 provide
electrical connection to the circuits on active surface 210.

The insulating layer 216 is formed prior to RDL 222 and fully
covers saw street 206 and substrate edge 208. The insulating
layer 216 improves contact resistance in PVD for fan-out edge
pads and plasma stability during oxide etching. The insulating
layer 216 also reduces particles and other contaminants from
molding area 218 during singulation.

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.

22—



15. A method of manufacturing a semiconductor device, comprising: providing a plurality of
semiconductor die; depositing an encapsulant over the semiconductor die, wherein a portion of the
encapsulant is designated as a saw street between the semiconductor die; forming an insulating
layer over the semiconductor die and directly on the encapsulant; forming a redistribution layer (RDL)

over the insulating Layer; and )
Claims

What is claimed:

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

providing a carrier;

mounting a plurality of semiconductor die with contact pads
oriented to the carrier;

depositing an encapsulant over the semiconductor die and
carrier, wherein a portion of the encapsulant is designated as a
saw street between the semiconductor die and a portion of the
encapsulant is designated as a substrate edge around a perimeter
of the encapsulant;

removing the carrier to expose a surface of the
encapsulant;

forming a first insulating layer over the semiconductor die
and directly on the saw street and substrate edge;

forming a conductive layer over the first insulating layer
and contacting the semiconductor die;

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

singulating the encapsulant through the first insulating

layer and saw street to separate the semiconductor die.
2. The method of claim 1, further including forming the first
insulating layer to cover a molding area around the

semiconductor die.

3. The method of claim 2, further including forming the first

insulating layer to cover the entire saw street and molding
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singulating the encapsulant through the insulating layer and saw street. 16. The method of claim 15,
wherein a portion of the encapsulant is designated as a substrate edge around a perimeter of the
encapsulant. 17. The method of claim 16, further including forming a channel in the insulating layer along
the substrate edge. 18. The method of claim 16, further including forming the insulating layer in a net
pattern to cover the saw street and substrate edge. 19. The method of claim 15, further including forming
the insulatfrfcflayer to cover the entire saw street and a molding area around the semiconductor die. 20.
The method of claim 15, further including forming a channel in the insulating layer on opposing sides of
the saw street 21. A method of manufacturing a semiconductor device, comprising:
The method of claim 1, further including forming a channel
in the first insulating layer on opposing sides of the saw

street.

5. The method of claim 1, further including forming a channel

in the first insulating layer along the substrate edge.

6. The method of claim 1, further including forming the first
insulating layer in a net pattern to cover the saw street and

substrate edge.

7. The method of claim 1, further including forming a bump

over the conductive layer.

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

providing a carrier;

mounting semiconductor die to the carrier;

depositing an encapsulant over the semiconductor die and
carrier, wherein a portion of the encapsulant is designated as a
saw street between the semiconductor die;

removing the carrier to expose a surface of the
encapsulant;

forming a first insulating layer over the semiconductor die
and directly on the saw street;

forming a conductive layer on the semiconductor die and
over the first insulating layer;

forming a second insulating layer over the conductive layer

and first insulating layer; and
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providing a plurality of semiconductor die; depositing an encapsulant around the semiconductor die;
forming an insulating layer directly on and in contact with the encapsulant; forming a conductive layer
over the insulating layer; and singulating the encapsulant through the insulating layer. 22. The method of
claim 21, further including: forming a first channel in the insulating layer; forming a second channel in the
insulating layer; and , , , ,

singulating the encapsulant through the first insulating

layer and saw street.

9. The method of claim 8, wherein a portion of the encapsulant
is designated as a substrate edge around a perimeter of the

encapsulant.

10. The method of claim 9, further including forming a channel

in the first insulating layer along the substrate edge.

11. The method of claim 9, further including forming the first
insulating layer in a net pattern to cover the saw street and

substrate edge.

12. The method of claim 8, further including forming the first
insulating layer to cover a molding area around the

semiconductor die.

13. The method of claim 12, further including forming the first
insulating layer to cover the entire saw street and molding

area.

14. The method of claim 8, further including forming a channel
in the first insulating layer on opposing sides of the saw

street.

15. A method of manufacturing a semiconductor device,
comprising:
providing a plurality of semiconductor die;
depositing an encapsulant over the semiconductor die,

wherein a portion of the encapsulant is designated as a saw
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singulating the encapsulant through the insulating layer between the first and second channels in the
insulating layer. 23. The method of claim 21, further including: forming a first net pattern in the insulating
layer; forming a second net pattern in the insulating layer; and singulating the encapsulant through the
insulating layer between the first and second net patterns in the insulating Layer. 24. The method of

claim 21, further including singulating the encapsulant using a step cut.
street between the séemiconductor die;

forming an insulating layer over the semiconductor die
and directly on the encapsulant;

forming a redistribution layer (RDL) over the insulating
layer; and

singulating the encapsulant through the insulating layer

and saw street.

16. The method of claim 15, wherein a portion of the
encapsulant is designated as a substrate edge around a perimeter

of the encapsulant.

17. The method of claim 16, further including forming a channel

in the insulating layer along the substrate edge.

18. The method of claim 16, further including forming the
insulating layer in a net pattern to cover the saw street and

substrate edge.

19. The method of claim 15, further including forming the
insulating layer to cover the entire saw street and a molding

area around the semiconductor die.

20. The method of claim 15, further including forming a channel

in the insulating layer on opposing sides of the saw street.

21. A method of manufacturing a semiconductor device,
comprising:

providing a plurality of semiconductor die;

depositing an encapsulant around the semiconductor die;

forming an insulating layer directly on and in contact with
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the encapsulant;
forming a conductive layer over the insulating layer; and

singulating the encapsulant through the insulating layer.

22. The method of claim 21, further including:
forming a first channel in the insulating layer;
forming a second channel in the insulating layer; and
singulating the encapsulant through the insulating layer

between the first and second channels in the insulating layer.

23. The method of claim 21, further including:
forming a first net pattern in the insulating layer;
forming a second net pattern in the insulating layer; and
singulating the encapsulant through the insulating layer
between the first and second net patterns in the insulating

layer.

24. The method of claim 21, further including singulating the

encapsulant using a step cut.
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