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 components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and

digital micro-mirror devices (DMDs). Fielderfiicohdudinvdavicesa perform a wide range of functions
such as high-speed calculations, transmitting and

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 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 consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,

and office equipment. Semiconductor devices exploit the electrical prgd%%rtie,s of semiconductor
materials® The afdmit Sthictlre BrSBHicoAdTtEP Materidt ANbWS its ElectiicaIdonduttivity to be

manipulated; by the application.of angelectric figit orbase ewrentorthroughdhe praceasssof doping.

Doping introduces impurities into the semiconductor material to manipulate and control the conductivity of

the semidontiRtorIevie T 1o WLemhitbRditior deliteitbitains acive 514 PRSSIVE electrical

structures.cAGtivessteciuresuingluding hipotar angsfield effeetiransistoes, €pntrol the flow of electrical

current. By varying levels of dgé;(ig and agelication of an electric field or base current, the transistor either
u

promotes OF FestHcts e fisiw df BIBctricat dlifraiit: BssiVe Shtichires SRERIAIY fesistdrs, capacitors, and

inductors; createarrefationshipshetween voliage and cutkent neeessary #d perfarmadvariety of electrical
functions, T?e assive a .acti%/e structures are electricacllg cogmected 1o C{orrrt1 ci.rc%its, which enable the
semiconductor device to” pér?c‘J’jrml ﬁf@%’-sﬁevelaacégﬁllétigﬁls and other’usefut tanctions.

Semiconduactor déviees arexgeneraily crarmdadturethtising two complex manufacturing processes, i.e.,

front-end manufacturipg A %nd bg&ﬁ-g@grmggg]fgggusrin N S%Q J'Cnv&Ilvein% Pgtcetn}i%%lfundreds of steps.

Front-end manufactu rng |nlv%?ves
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving

potentially hundreds of steps. Front-end manufacturing involves



the formation of a plurality of die on the surface of a semiconductor wafer. Each die is typically identical
and contains circuits formed by electrically connecting active and passive components. Back-end
manufacturing involves singulating individual die from the finished wafer and packaging the die to provide
structural support and environmental isolation. One goal of semiconductor manufacturing is to
produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performahBé, &t Bart be'producedioré éfficterty. thi&dditiory, " émaiter ‘serficordittor devices have a
smaller feetprint mdich isrdesirable. for smalles ead psoaugts <A smallendiesize mayne achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive
components! BadkSerd protessed )G s if $&midohGactbY devitéGsackages With ' smafter footprint
by improyersentsdn elegideal intercormectionr andpackagisgupatesalsnvo 1 ve s FGnlgushowisha
conventignal semiconductor wafer 10 with_a plurality of semiconductor ge 12 formed on substrate 11 and
separated rbéls‘é}/\% %f a\%& WaférEdde 16 Sélta‘élf" gg&s 18 in]aacﬁ %gtjri%qa§§ezdj &fe formed over
active surface 22«f semicanductorsdied@r A passivatiohdayers24 isifotmed avepdielectric layer 20.
However, saw street 16 r(ljgsi ggﬁredollor s(ier;%iu(lj%tio(gmu%r%do\éva%erneudfe % ggendeviqsid to(fD pa§si¥%ti%n. FIG. Ib
shows a top view of passivation Tayer 2% Absent over saw Street 14 and water edge 18" RTedistribution
layer (RDin£8lisfosred overdpassivatidavayers24 textene thel efectrical coprectivity of contact pads 18.
A passivation layer 30 is formed over passivation layer 24 and RDL 28. Bumps 32 are formed at least
il Qv iy 4rEa s ad el el CAR Lot 15 FOL 28 TRS Scgs betle 1 & AN 61t water
level chipnscate patkage (FOWLCEP) aeind tothave anstablercortadtaesidtaricer particutaly when formed
in PVD. Ip addition, put-gassing from malding.area 34 of dhe FOWLCSR in BYD) isknawyto effect
plasma stability in oxide etching. Summary of the Invention A need exists for a stable contact
resistancezglgiasma duriiigedxige etching inze FORWIXGSRCAcordihghy, inons @nsisdiment,the
present inyentien j5 a semicgpductat device comptising & pluirglity;of semigonductor die and first
insulating layer formed over the semiconductor die. An encapsulant is deposited around the
semicondifit6ridiE. AZetvAd sti@ARFIAYer RTORAEE BYEr thePeridapstfnt aAd SeRfcomtiuctor die. A
conductivelayer isifarmed pven the-segonddnsulating layen A third insylating jayer is formed; over the
second insulating layer and conductive layer. _In another embodiment, the present invention is a
semicondictrBaRCEEEmpising £pRiFality 6f serhitortitietyr e and eRtapSiRartcdestsited around the
semicongugtardig A first insulating layer is formed over the encapsulant. A conductive layer is formed
over the first insulating layer. A second insulating layer is formed over the first insulating layer and
conductive layer. . la shows a conventional semiconductor wafer 10

with a plurality of semiconductor die 12 formed on substrate 11

and separated by saw street 14 and wafer edge 16. Contact pads

18 and dielectric layer 20 are formed over active surface 22 of

semiconductor die 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.

1lb 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



In another embodiment, the present invention is a semiconductor device comprising a semiconductor die
and first insulating layer formed over the semiconductor die. An encapsulant is deposited around the
semiconductor die. A second insulating layer is formed over the encapsulant. An Interconnect structure is
formed over the second insulating Layer. In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and encapsulant deposited around the

semicondittr die2ASirsGREGdind Fyel i forhebiovér tie BAVapstiaitHmttserhicbAtictor die. An
interconnest stsuctdresis forned everthe firshivsulating dayernBrigbDesariptionafithe Hrawings
FIGs. la-Ib illustrate a conventional semiconductor wafer with no passivation over saw street or wafer
edge; 93SSHEE. 2 TIRBrARSH PEBWRA differdht %@s%@b‘%ga?&)eslﬁ]oﬁm%d% it SUFace?
FIGs. 3asSedbusirate durthergdeiail ofi the representativecsemicgnductor 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;

Summary of the Invention

A need exists for a stable contact resistance and
plasma during oxide etching in a FO-WLCSP. Accordingly, in one
embodiment, the present invention is a semiconductor device
comprising a plurality of semiconductor die and first insulating
layer formed over the semiconductor die. An encapsulant is
deposited around the semiconductor die. A second insulating
layer is formed over the encapsulant and semiconductor die. A
conductive layer is formed over the second insulating layer. A
third insulating layer is formed over the second insulating
layer and conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a plurality of semiconductor die
and encapsulant deposited around the semiconductor die. A first
insulating layer is formed over the encapsulant. A conductive
layer is formed over the first insulating layer. A second
insulating layer is formed over the first insulating layer and
conductive layer.

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

layer.



FIG. 5 illustrates the FO-WLCSP with an insulating layer formed over the saw street and around the
substrate edge; FIGs. 6a-6d illustrate an insulating layer in a net pattern over the saw street and
around the substrate edge; and FIGs. 7a-7c illustrate an insulating layer fully over the saw street
and around the substrate edge. Detailed Description of the Drawings The present invention is
described in one or more embodiments in the following description with reference to the figures, in which

like numerals represent thé 82T SR efdfiehts. WRiIEHRERVENSH RAde<ttibed it terms of the
best modedfar ashigvingdhe drventionsehjectivesqit wilk b appreciatedbythesa skilled in the art that it is
intended to cover alternatives, modifications, and equivalents as may be included within the spirit and

scope of & RERG6R bs YeRREd bytha Bpp_fdéd Claint knathEir egtivaiénts a8 stpbofted by the

following thsalasure eqpdidrawingss £ orme Semieenducioraderiges:atengengrally manufactured using two
complex manufact rin% %oc sses: front-end manufacturing and back-end néanufacturin%Fr nt-end
e r

manufacttfing ivoives HRation Bf &'prirality Bt i o the Shitate of a 'sRMHIEEnAUCEr wafer. Each

die on the ivader dordaihstactiye bagdqpassive electrical components, which are electrically connected to
form functional electrical circuits. Active electrical components, such as transistors and diodes, have the
ability to control the flow of electrical current. Passive electrical components, such as capacitors,
inductors, resistors, and transf@rier§, Destraptlatdonsifip tleevdeavakagye and current necessary to
perform electrical circuit functions.
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;
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 edge;
FIGs. 6a-6d illustrate an insulating layer in a net
pattern over the saw street and around the substrate edge; and
FIGs. 7a-7c illustrate an insulating layer fully over

the saw street and around the substrate edge.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar

elements. While the invention is described in terms of the best



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 semiBSiftfuctGmateriafEdrtlctiViy T rEspbhse (¢ af eléttic Higlklroridasié cutrérft. Transistors
contain regipns ef yainatypes ahd degrees af deping arcangedrascnegessary torenabie thestransistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.
Active andPagsivE CSThPEeSs Sre TR 6y fal/ePs of Aaterfis with différant 81dbfital froperties. The
layers canrhel fofmedwbyta varietyof sleposition techrigues detetminethindgart by thestype of maaterial
being deposited. For examggz, tgin film deposition.may involve chetmical vapor deposgion (CVD), physical
vapor de%é’siﬁgﬁ (PUBY sttrdiyfic Bl%tiﬁé), and lebtrofess Hlatiy Srocessed EachIay&ris Yeherally
patterned tol formipartions of. activeecamplonints, ipassive components, or electrical connections between

components. The Iaggrs cancl%e g?tter.ned usin phomhth?é?’r?:fgd E/\i\{ll'gch chlv]pév s the deposition

of light sensitive materla?,mel.g.,rb%%?oregi Over the %§/er to be ]f)% pa‘?t?ern is transferred from a

photomaskito therphicteressst wSmngtight nbhe portionsafthe photdresistipatternfsubjected to kight is
removed,ising & soivent, expasing portions. e ihe underlying jayer.to.be, pattered, The rgmainder of the
photoresist Is removed, leaving behind a patterned ?ayer. ternatively, some types of materials are
patterned by directhndegositingl thesrhateriab intd tke aredsher voids formedtbyaa previous deposition/etch

process using teshnigues, suehzas elecigless and elgctiolytic plaing.... . » ; ReRASItING athin film of
material over an existing pattern can exaggerate the underlying pattern and create a non-uniformly flat
surface. Ramiforaly=flet strface Is rejliredas produtelshalarcarrd foke denddly paekeg attive and

passive qomponents: Planarization.can.be used to.temoye material from the surface. gfthe wafer and

produce a uniformly flat surface. Planarization Involves polishing the surface of the wafer with a polishing
pad. An SISTABIVE ShateriaPaird: cefodive themicH aré added 26 fife strface Shhedfafer Burikg polishing.

The control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

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
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote

or restrict the flow of electrical current upon the application



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 singilatidif the fifdhidGal'di€ are RourtetFtd-4 patRage substrate that includes pins or contact pads

for interconnection with etherSystem samponentsofentact pads fermed guer the semieerdustor die are
then connected to contact pads within the package. The electrical connections can be made with solder

bumps, St BampsScdnduttive PaSEE b wirdbohtis CAn entaBSHantsother motdifg hiatendl is
depositedhevertheqpnakage to pravde pbysicalsupportcand elestiicaliiselalione The dinished package is
then inserted in%in electrical system and the ftﬁ%\ctionaliiy of the semiconductor device is made available

to the otH&systetn tBmpohBhts. ™ Mt CHIG 12 Tifustidtes S8 Se devicR sEHAVIRG & chip tarrier
substratefariprinted circtiit boarch(P CB)/52 withanplutality of semicondpctor packages/mounted on its

surface. Electronic.device 50 may have one f semiconductor package, or multiple types of
semiconéljukc\f(:)S’rl|c():éijc:ll<a‘é%g,O 3eéj§r%‘|}r?gl o1 the ;ppilgdtio%ﬁ'ﬁiér |fciL nls ty%?% %?rsl,gmé%n%uctor packages

are showalir EGo 2despwrposes of Hlustratiores .  EadHedtagric device5Gmaylbe a stand-alone

system that uses th% s%nl%oon]grhjcéjoor Iptalcggge% J%oa%%q%rvr% one or %%rgtegectrlggl functions. Alternatively,

electroni¢ device 50 may be a subcomponent of a larger syste r exa’mpﬁe, electronic device 50 may
be a graptioscardn hetwark intéefate card, of othercsigeal proedssimycardithaheart be inserted into a

computer. The semicoriuﬂléct%%gkbaggaggrbigcwggt@%%{o_ﬁgg%o&s _@Sgbofile&%%'é%i n specific

integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices, or other
semicondittehdiedr elettrcdl tonsisarrepis. 1on of |4 FIGE 2sPTBIS2 providesed generat stibstrate for

structural support.and. electrical interconpect,of the semicanductor packages maurnted on the PCB.

Conductive signal traces 54 are formed over a surface or within layers of PCB 52 using evaporation,
electrolytic plafinG relectrdle s prating Cscreefi printing Rér Gther suitkble metaldepositiBhtprocess. Signal

traces S4rprovide for glectical cempnunication betweepieach of ths semicondyciarpackages, mounted
components, and other external s;i;s(tem components. Traces 54 alsotprovide power and ground
connectirE Vet s the senfiCorfduttor padkagesd 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 film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are

added to the surface of the wafer during polishing. The



In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to an intermediate carrier.
Second level packaging involves mechanically and electrically attaching the intermediate carrier to the
PCB. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and electri,callg(wmounted directly to the PCB. For the purpose of illustration,

several tyii8&ofFist BEENHEkag g fifchting {vi fPpackale 56'8nd fifp-Gip %8, afe<idwn on PCB

52. Additipnaliy.eseviesal types obsecand level packaginga including balb gtid areay(BGA)60.-bump chip

carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MCM) 68,

quad flat WOhI84Hed padkdye’ BERT 70, and quad flat package 72, are shown mounted on PCB 52.

Depending upon the system-requirements; anycompinatien-ef semiconduetgr packages, configured with

any combinatioqof first ang second I%/el pae%l%a in s%lles, as well as other electronic components, can
1A%0 dint&hts e

be connettétPth PEBSD. V'émbo nic Yevide By indititesH Singi& attathiéd
semiconguctarspackagehwhile othereshadinents calkfos paultipleridtesconnestedpackages. By
combining onp. armore serpiconductor packages,over & sinale substrate, manufacturers ca incorporate
pre-made components into ela&tronic devices and systems. Bécause the Semiconductor packages
include sephistcated fiimctionatityza électronicndeides-tan be manufadtueed asing cheapéescamponents
and a strg%rpy%%ds fnarnﬂg%cturir%% pracess. The {ea%ueltoilngldevices ag%l Isess likel 10 I{ail %‘B%’ I1esosrexpensive

WF S Flﬂ u sS1ng ﬁ: §r cu
to manufacture resultlng In a lower cost for consumers. IGs. 3a-3c show exemplary

sgmicqncﬁm&o@mk@gesﬁﬁ@@asiﬂugt@es immhertdl@t_ai_i oﬁ@mﬁnﬁﬁo@d@d OrEPOBWBL. @émi_@onductor
die 74 ingludes. an active region containipg Analag.or. digital cirguits, implemented as Agfive devices,

passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconnettetr accordingtothe eldetiiddl designdfene disu=orexample, dhe eiretit PRgsinclude one or

more transistqes; digdes, inductors; capasitors, resistors, and.gther cirayit elements forged.within the

active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,

such as aafinur tA1) coppeP (G2 R (Snf ickel TNl rgsla YAGY BrSHFer@y) Cand Bfe Beéfrically
connectegtorthe Girguit-elomenss farmed withigserisaadustor diezd, Ruring asseralbly, f DIP 64,

semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesiveiaftriafBiehH a8 thetigpther 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. 2 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 may 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. 2 for purposes of illustration.

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



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 lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90'Gihganthd&till BF e fosd-radit SGhESTE mAtEHZITZ Whé Bbhas 94%tbGidedirst level

packagingdnterceningech bepyernseentast pads196 aad 98 Maldingcompaiindierencapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation fSPtHE Gelice. EBRtaRTBAIS 102 A8 fomicd 896 & &lrfad bPPEB 52 using a suitable metal
deposition jpreeessosuctsas electielytie Platingseialeciseless pkating 16 prevent @xidatien. Contact pads

102 are electrically connected to one or more conductive signal traces 54 in PCB 52. Bumps 104 are
formed b&teet ESntact pads 98 SFBEC 62 %Hatc%htc’i‘&%%a € 10256 PCB B2 I CiitERG. s,
semicondliciairdie 58iswmaunied Jace-dawn te dntermediate carriet 406 withla Hiprdhip style first level
packagingbﬁct(ij\{leeg ion 108 of semiconductor die 58 contains analog or digital circuits Implemented as
active dewce@, passive devices, conductive layers, and dielectric layers formed according to the electrical
design of the die. For exanaplé,.the,cifieli may inctudedese er grore trahsistdrstdimdes flnductors,
capacitors, resistors, and other circuit elements within active region 108. Semiconductor die 58 is
electricalFyt:;fﬁldC ?Cn%%ﬁgniﬁgﬁ)y ggﬁnéac?g% %cr)P %él:rtcrlltﬂa:tE Ci%g tﬁpo%%ﬂct;%unrﬁgsc ?18.%% 60 is electrically and
mechanicadlyiconnéstedoto PEOEBZ wvithe BGA styteisedondFlébel pdckagingtusing bumpsl112.
Semiconductar. die-58 s, elegtrically,connected to,conductive signal fraces 54.in PCB 52dhiugh bumps
110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is deposited over
semicondifctoddie B8oad Eavier 10646 provisé physicaltsupporediittéleetrivasiselationrfer the device.

The flip chip. semicondctor device provides a short electrical.gonduction path, frgm the active devices on

semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,
lower capacitanée taFmiproveoveralFérctitpetforriante ath &fotRerémbbdipeitetHéssEmiconductor

die 58 caphe,mechanically. and electrically connegteddirectly te REB. g2 using,Hip chip,style first level
packaging without intermediate carrier 106. FIGs. 4a-4h illustrate, in relation to FIGs. 2 and
3a-3c, a pldeess DX fGiATing af YRSRRLNP AR eF 6VerSthe sanPStesetdhdParotinB %R stBstraéedge. In FIG.

4a, a substrate,ercardier 20 containstemprapn ok sagrificial base materalsuchassilieen, polymer,
polymer composite, metal, ceramicﬁgass, glass epoxy, beryllium oxide, or other suitable low-cost, rigid

material for structural sUppORTAnSAtrAEBIAYET or tagE 123 98 dPpitetf oV Carfie 250 542 temporary
adhesiveordionglingslayer eeleasahie with ulsgviolgt(dRQJight of Beat. technique for

mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded



Semiconductor die 124 are mounted to adhesive tape 122 with contact pads 126 and active surface 128
oriented toward carrier 120. Active surface 128 contains 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 128 to
implemeREH6G cif it or Hgitarctits Suchds igi&irignal prodéssor IB8P) MRS SHeMbry, or
other sigpajgprecessing giseuit Senmisondudter digsk24qimay Alse-eartais|PRs: puehasinductors,
capacitors, and resistors, for RF signal processing. . An insulating or dielectric layer 130 is formed
over active sGfface" P28 ARl Tonbitt hads 126 U¥ing BVEE €D Horirting, SPIRCd4ting°8pfal coating, or
thermal oxidationa fhe srstdatingl keyen 136 €na penonesarmese layers ef silieen diekige (5i02), silicon
nitride (SBN?% silicon oxynitride (SION), tantalum pentoxide (1a205), aluminum_oxide (Al203), polyimide,
benzocyc%l? Eﬁ@rﬁé&BS,o 5‘51%13 oXazofes ?9% ?BPS%%(? uitdbl C(ﬁelgétric mAterial A portion of
insulating:talyed 136 is- kemevetthy an etching precess torexpaose contact pgde 126t ached FIG. 4b
shows semiconductor die 124 mounted to adhesive tape 122. An encapsulant or molding compound 132
5 dopouTal U ARG 26 ANt SEm e tor S g s & N i, SO Sard R ding,
transfer moldéeng; diquiglcercapsalant grolding Byacuumb lamimationespim coatirg, crrothemnsuitabde
applicator. Encapsulant 132 can.be polymer composite material, such as epoxy resin with filler, epoxy
riate Wi MaE or SOy i et e ECa ot AN 2 Bt e S Bt ismentaly
protects thressemidenductordevite front extetsal efementstandicertamitaris.stems . In FIG. 4c, carrier
120 and gdhesive tape.122 are-removed by gherical etching, mechanisal peel:-off GMP. mechanical
grinding, thermal bake, laser scanning, wet stripping, UV light, or heat. Semiconductor die 124 remain
embeddedwith epeapgsilant E3Ewhichroperarsigesulsiatéde 3Baithembedded of éaged die. Saw
street 134,defipes anaKea forater sinulation ensalanSybstials edge A dafines aperimgler of the
substrate. In FIG. 4d, an insulating or passivation layer 136 is formed over substrate 133 by PVD,
CVD, prifitiig Spirncoatiigl SprayecoatingSér thefmal okidaficn. T hsuRtiAg $aRs IS6VEartse one or
more layersQf 5102, Si3N4,SIAN. F200, Al203,0r ather-material havingsimilar insulating and structural
properties. In particular, insulating layer 136a covers contact pads 126, insulating layer 130, and molding
area 138 designated farifitercorfnets fariotit. XFOrHbA S instiatiifiayer PIedrTenii/ad by an etching

process teexpose contact pads 4265 [hewiching pracessalsa preatesa @apLr chanpekl4Qin the
insulating layer on opposing sides of saw street 134 which defines insulating layer 136b over the saw

region desighted for<dinguldticn. Chartel 146 furtRerrddfihes iRsHafity ByeF136¢ By stibstrate edge

135. or digital circuits implemented as active devices, passive

devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-

silicon eutectic layer or adhesive material such as thermal
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FIG. 4e is a top view of insulating layer 136 over substrate 133. In one embodiment, channel 140 is 10-30
micrometers wide. The insulating layer 136b and 136c partially covers saw street 134 and substrate edge
135. Channel 140 extends to the package passivation edge to minimize the front side outgassing from
molding surface 138. The insulating layer 136 also planarizes the surface for subsequent layers and

secures the thickness of final passivation over contact pads 126 for bumping, which in turn controls the
reliability 9F Sihgubdte § 1R 8n Bsboart BaRi ol FoPeomet BEMBLSS 20 1FRIS. M4SN electrically
conductiveslayet 142 isutormed-oves insulatinglayemt3baand eontact pads d 26 wsing-patieraing and
PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductitd I8 142 Car b8 dRe bf MBra Tayists of AT - CSH, NI AT AYPBF GiheP ShITAHR electrically
conductive-materialuCenductive layersi4? isadectrcallyreannestadito-catadtpatisc2f ard operates as
an RDL to extend the electrical connectivity of the contact pads. Additional RDL layers can be built up on
the substrdte” “"¢ PARIASating 0?85§§\9§Wbehnlg§ir £ 150hel ovér MstiAtihg18fer 136a and RDL
142 by PNB;, €MD eprintihgp spinicoading f spray«coating nor theemabaxidattoraddie insulating layer 144 can
be one or more Ialyner% (l)f 818:2L, SL;-’)J}\M(5 SION TaéOZOS AI%QZ’%, or other material having similar insulating

and struc?ﬁrréf S%pe?tlesr}% por?ion of mrsuvfaltflneg a%sj T44 s removed by an etching process to expose

RDL 142. In FEGLGg, &n eledtrisathacerduttive iemplmaterial oS deposited overnRRA 142 using
an evaporati lecirolytic plating, electrale lating,. ball drop, or, screen printing progess. The bump
on (Egil,%g ,gcﬁf%\%%ﬁ ,c% T Sdslgaég is ourpted. Jgé) 5905

material can n, Ni, , Cu, solder, an combinatlgﬁ]seﬁ'uecrggf with an optional flux
solution. Fot example;tide bamplmaterib can becsutecticdBrPLY digheleadisoldér? or Idad:feee solder. The

bump majerig) Is bended 19 RDLc142 psing.a.suifable Q%}?‘%@“?HE%&%%%@%P'V%C@?@%'&O“‘?

embodiment, the bump material is reflowed by heating the material above its melting point to form
sphericaldsails st hupasss 146 extehdity: at Masdpardalieaverundlding &reect3s! hasbmeldppligations,

bumps 146 are reflowed a secand fime {0 Improve elegtrical, gontactto RDL 142, The burmps gan also be

compression bonded to RDL 142. Bumps 146 represent one type of Interconnect structure that can be
formed oREYRDE4 S TPiedhterédithett SHUELFE tan AfsPlS©BoA® WireBSsii@ biffip, micro bump, or

other elegigicabintercannecios are ARl 4hySubstrate 13348 singulated throughinsulgting layer 136
and saw street 134 using saw blade or laser

suitable metal deposition process such as electrolytic plating

or electroless plating to prevent oxidation. Contact pads 102

are electrically connected to one or more conductive signal

traces 54 in PCB 52. Bumps 104 are formed between contact pads

98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 3¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit 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
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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 réSiStanée 't PV Dot $an-dtY e8gé Hads AndHigsmB LGy HIring ‘diidLBthing! rhe insulating

layer 136sals0 ceducestRarticles ang othecgertaminants frosy malding @rea 138 churing ssirgulation.
FIGs. 6a-6d lllustrate, in relation to FIGs. 2 and 3a-3c ag%rocess of forming an_insulating layer in a net

pattern overthd'saw &fF&&t ahd Afoundiihe SubSir e S deT RS . 64 ShotmsEibbirate F60 whh'embedded

semiconduciondied$4] similarto fdGad4ecSemigendtatos tie-h64bave active sgrface 170 containing

analog or di ital,cirCéiits Implemented as active d viceg passjve devices, con
e

r.d \ ﬁductive layers, and dielectric
layers fofmTed Withir the 'dié and etecHcaly iRter Sfnetted & cSdfirg o'the e&ﬁcﬁro%‘éjr&eand function

of the dieplirps exampia;tbe circuit thayllacludé one dranoee transistors, tdiedes; ahdeotherreiecuit elements
formed W%tfi.n a%thle surgaIgeclo@? dtoclmprlergent %réalog Ocircgitss or di&i}tgt_@rc&t{gb urch aﬁDDSP, ASIC,
memory, or Other sllé)naﬁ précessﬁlg Gircuit. Semiconductor die 164 may also con ain1PDs, such as
Inductors; capacitorsnamch résistorsy fartRF signal prasessings on  seAndnsudlating or dietecidc layer 174

is formed_aver active surface 170.and co s.172 using PVD, CVD, printin in coating, spra
'met d ¢ ALy act pag 3ng VD, GMR.. R P%a}ip 9, spray

coating, oroth%Pr%aluocﬁégt?on.r'F‘he Fns%?atrllig%tayer 174 Gan be onhe or more Iaflé s of S102, SI3N4, SION,

Ta205, Al20&; podlimide, BORB aPBO, ot other suitableidielectric matériahpX puriopwsfiasulating layer 174

iSremOV%qpxgpgﬁg@pgggﬂgﬁégpexﬂ983§@9Hg§pgﬂggg§ment, 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. 4a-4h illustrate, in relation to FIGs. 2 and 3a-
3c, a process of forming an insulating layer over the saw street
and around the substrate edge. In FIG. 4a, a substrate or
carrier 120 contains temporary or sacrificial base material such
as silicon, polymer, polymer composite, metal, ceramic, glass,
glass epoxy, beryllium oxide, or other suitable low-cost, rigid
material for structural support. An interface layer or tape 122
is applied over carrier 120 as a temporary adhesive or bonding
layer releasable with ultra-violet (UV) light or heat.

Semiconductor die 124 are mounted to adhesive tape 122
with contact pads 126 and active surface 128 oriented toward
carrier 120. Active surface 128 contains 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
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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 S102, SI3N4, SION, 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 etchirigiprotess t BRposE Eohtactdds £7 2 HhePétehihgorbes<RIS6 e ates et Bdttern 180 in
the insulatingdayerson eithelsside of sawsireet 166which defines insulatingdayerghiob-ves:saw street
166 designated for singulation. Net pattern 180 further defines insulating layer 176c along substrate edge
168. FIG. 85 1d a tdpr view BFRSGIEING Tayer 196 WittPR ikt BAREM T80 8vér'Semtitbnductor wafer 160. In
net pattegei8Q,same poriansof insulating layeblé6 extend hetween dnsiHating layend¢6a,snd other
portions of insulati%gplayer 176 are proken by attern. FIG. 6¢ shows further detail of net pattern

he net
180 with GitEHating pattert 0f presencs aRd a%%]énggp of InSlAtingA&Y& T76! The insulating layer 176b
and 176c, with net pattenn 1868 uresiutes; oot-gassing from maldingarea 178s formeReturaing to FIG. 6a,

an electrically. conductive layer 182 is formed over insulati %ayer 176a Qﬂ? c ct pads 172 using
patterning‘:f;1 %l%\ﬁvﬁvﬁflégﬁfeglgc rolﬁfééplgﬁﬁg,aeﬁectpﬁégs E% inbl Sb%ggess, of o(%ﬁéi; 'suitable metal
depositiopprotessy Congdictive fyend 82 andye ore di mpre dayersof Af ICw:-SnjaNi,Au, Ag, or other

suitable lgatrieglly onductive mmaterial, condyctive layer 162/, glectically sonedied fg gontact pads
172 and operates as an RDL to extend the electrical connectivity of the tontact pads. An

insul_atingiépaa@vaﬁﬁ)iﬂéyer E@it@d@medmédmsu_&tm@%yerﬂﬂm RBIN18Z byiVD, CVD,
printing, Spin seatng.spray safng, ot fherma exidafion. Thensulgling.layer 184 a3 pe one or more
layers of Si02, Si3N4, SION, Ta205, Al203, or other material having similar insulating and structural
properties CA portisteef insolatny tayeru8ans rémobed by alhvéehingsrocesssto (@sose RDL 182.

An electrically conductiye bump maletialis depositad ever RDL 182:using an gyaperation, electrolytic

plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au,
Ag, Pb, Bi2€arsdldér, BhdirbiRaticns theredtoiith Arrapstisnad flie s6RiRes SFeeXariple, the bump
material eapibe epitectic 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 materiaf dtiovelits meRing PEIREL O ForH SpPerigaithalis bristimps #86 extending at least

partially evesdralding-area 1782 In sameappligatians, busipstatiarereflowss.a geqond tige to improve
electrical contact to RDL 182. The bumps can also be compression bonded to RDL 182. Bumps 186

represent'&RE figeno iRtETEoriact sfcttfd tidt CaR B ormad Tver RIS 182 4THE itércdnnect structure
can also yse bengdwires; std burmpr Bierohump, 101 ather elegtiicakintereoanest, 1iquid

encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 132 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 132 is non-
conductive and environmentally protects the semiconductor device
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
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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 patte%ﬁa 86, 15 1BEUdS biRGasEitg froiPMolding ardd 278, T fmstifringdayet°t7 61 mproves contact
resistancedr RV far fam-out edgepagdsand.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, inYefation t6FIGE 2 HATEEE¢ Y pficeRs BF toifting RniAdAtig faye? with full
coverageroverdhe sawnrsteaet end=areund the-sulpstrate edge. BKG .nfa shows stubstrate t200qyith
embedded semiconductor die 204, similar.to FIG, 4c, Semicgonductor die 204 have an activ3e surface 210
containingtanalog 8f* aibﬂgl’ciPc{Jit%kiﬁlﬁ%arﬁeﬁtéada%t&&ﬂ/e deVices  Passivs ﬁ%gicig,y &ndictive layers,
and dielectric layersrformedmithin theydie andfelectoizallyslitercpnaected aceonding 1a theleleetrical

design an%ﬁunction of the ieh For examﬂlnei, {he circuit Tgié/.lnclude(?netor more tr%nsistors, diodes, and
0

other circuit elements formed within activé surtace 210 n%ﬁlgmaerh aﬁaFo% Circuits or digital circuits,

such as DEPpASIC ememary, gragthércsigaal processing Tirguit.aSemicbhtductor dier 564 ordysalso contain
IPDs, such as Irldg%ctors apa itors alnd resistars, for RF si n l. Rrocessing An electrically
ags T %u C51n qayer Srig%é ZTSCFmg gl ? area d1I§\8/D(,j Wnaﬁec\

conductive layer 212 is formed over active surface using patterning an electrolytic
plating, efectrolegsplatimg processnooother saitabie ietal déposition. priocess.lGarductivedayier 212 can

be one or moxe layers of Al St sh NipPY A8 sor gL suitable slectically g5 126,  The

etching process also creates a gap or channel 140 in the
insulating layer on opposing sides of saw street 134 which
defines insulating layer 136b over the saw region designated for
singulation. Channel 140 further defines insulating layer 136cC
along substrate edge 135.

FIG. 4e is a top view of insulating layer 136 over

substrate 133. In one embodiment, channel 140 is 10-30
micrometers wide. The insulating layer 136b and 136c partially
covers saw street 134 and substrate edge 135. Channel 140

extends to the package passivation edge to minimize the front
side outgassing from molding surface 138. The insulating layer
136 also planarizes the surface for subsequent layers and
secures the thickness of final passivation over contact pads 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,
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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 Si02, Si3N4, SiON, Ta205, Al203, polyimide, BOB,
PBO, or other suitable dielectric material, A %ortion of insulating layer 214 is removed by an etching

process folexptide dohtadt pads P18, Suitabhy iRd@ating 6f padsiFaisayer 2167 oFmad with full

coveragecovelisemicendusier-water 200 ky1RYDy CVD, 1printingn spincoating cspray €oating,or thermal
oxidation. The insulating layer 216 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or
other matetfal ﬁﬁginﬁ%%ﬁgleiﬁsﬁlﬁtiﬁﬁ a%a%tﬁj%tﬁﬁFﬁ%%’eHbes. T fAfticulf LinSORBRG tayet 216 covers

contact pads2ie, instutading Ipyers214, xaeldingcarea 28, substeate egige 208, landisaw: street 206
designatethor interconnect fan-out. A portion of insulating layer 216 is removed by an etching process to
expose co Facﬂﬂ 85215°FIG. 7his a top view of insulating layer 216 fully covering semiconductor wafer
200, including moldingzarea 248] sawrstreet 206 sarid-stibsirate £dge 2084 is foAmcelectvically

conductive Iaggé%%a%fﬁgffrrggd ollv% ‘jjn;%rll inEgDIEy?r&l%a? Q&Bntgiﬁgads 212 using patterning and PVD,

n
CVD, eleclz%ly electroless plating process, or other sdit fne%ﬂ@e%%% i’ons|§>r68ess.

Conductive dayen@22sgarslye one tor mypredayersaf i, ICoxSaaNij &w, AgTbe othes suidableelectrically
conductive material Condugfive Jayer 222 s eledirically.connecteghto caniget pads 212 qnd gperates as
an RDL to exiend the electrical connectivity of the contact pads.

Al1203, or other material having similar insulating and

structural properties. A portion of insulating layer 144 1is

removed by an etching process to expose RDL 142.

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, 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 142 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 146 extending at least partially over molding

area 138. In some applications, bumps 146 are reflowed a second
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
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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 S102, SI3N4, SION, Ta205, Al203, 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, efétt piafidg, o4l drBpS6PScrasR prinfing ProcesduThe i Aaterid CanberAl, Sn, Ni, Au,
Ag, Pb, Bz Lu.selderoand. cembinggions dherept, avith ap optieeal fluxsolutipn: &1 examplesthe bump
material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to RDL
222 usind 8% itabi Gachient r bohdihg process. In one embodiment, the bump material is reflowed
by heating the materiaFalmvesitss melingrpoint oserm sphericalkballsofbumpas226 extendingat least

partially over molding area 218, In some applicatjons, bumps 226 are reflowed a second time to Improve
Clection RN ina 16 BOCL23. e B PR IS bR ToNottg HOE 295 Biops 226

representone ypecafdatereennect structuse that tandd fovmedtover R 222 i The Intgrconn@ét structure
can also use pond wjres, stud bum icro bump, or other electrical Interconnect. In FIG. 7c,
semicon&usct(gov{/gfee(# 2%6%3 Ein%%lagg t&r%éjgﬁrllr?suﬁgﬁfnegr%yg? ¥16 l%lﬁﬁes%vﬁ gt%eéat%G using saw blade
or laser ceitting-toat 228 tgseparate tresindividual sémicdhductordie 204 intotFQaWECSP Z3@nsimilar to

FIG. 5. Saw béade or Iaserf ing t&)gl 228 can use a siri le cut ot step cut, Contact pads 212, RDL 222,
and bumlgéj % érb%\%agaelecgtlr%dal conﬁeét?osnutoatﬁlenc?rcuﬁé/ on ac%iée surface 3iO.CQI‘$1]%alﬁgulating layer
216 is formed ptientocRDL Z22Parfdbfully coverstsaw sarept236 and spbstsate edgec208.tThe insulating

layer 216 imprgyes, confactresistance inR\D farfansqut edae.pads and plasma stafili.during oxide

etching. The insulating layer 216 also reduces particles and other contaminants from molding area 218

during siglation.es and other contaminants from molding area 138 during
singulation.

FIGs. 6a-6d illustrate, in relation to FIGs. 2 and 3a-
3c, a process of forming an insulating layer in a net pattern
over the saw street and around the substrate edge. FIG. 6a
shows substrate 160 with embedded semiconductor die 164, similar
to FIG. 4c. Semiconductor die 164 have active surface 170
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
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.
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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. Claims What is claimed: 1. A
semiconductor device, comprising: a plurality of semiconductor die; a first insulating layer formed over the

semiconductor die; , ,
The insulating layer 174 can be one or more layers of SiO2,

Si3N4, SiON, Ta205, 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 Si02, Si3N4,
SiON, Ta205, Al203, or other material having similar insulating
and structural properties. 1In 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
contact 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 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,
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an encapsulant deposited around the semiconductor die; a second insulating layer formed over the

encapsulant and semiconductor die; a conductive layer formed over the second insulating layer; and a
third insulating layer formed over the second insulating layer and conductive layer. 2. The semiconductor
device of claim 1, further including a channel in the second insulating layer around the semiconductor die.

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, Taz205,
Al1203, or other material having similar insulating and
structural properties. A portion of insulating layer 184 1is
removed by an etching process to expose RDL 182.

An electrically conductive bump material is deposited
over RDL 182 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 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
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3. The semiconductor device of claim 1, further including a net pattern in the second insulating layer
around the semiconductor die. 4. The semiconductor device of claim 1, wherein the second insulating
layer covers the encapsulant around the semiconductor die. 5. The semiconductor device of claim 1,
further including an interconnect structure formed over the third insulating layer and electrically connected
to the conductive layer. 6. The semiconductor device of claim 1, wherein the plurality of semiconductor

die is sin§GRISPIFOGHIP the’sécohtindtating tiyet and ehtdpsGiant 1 2rA semfiddhduttor diite,
comprising: agplurdity gksemicenduetor €ie51 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
over the saw street and around the substrate edge. FIG. 7a
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
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an encapsulant deposited around the semiconductor die; a first insulating layer formed over the
encapsulant; a conductive layer formed over the first insulating layer; and a second insulating layer
formed over the first insulating layer and conductive layer. 8. The semiconductor device of claim 7,
further including a third insulating layer formed over the semiconductor die. 9. The semiconductor device
of claim 7, further including a channel in the first insulating layer around the semiconductor die. 10. The

semiconfiRAGFENVIEE of'Elafih 92 Wher&iRRAE plutdfity tF B8 miconductsitdié fSsingulatdd-trdugh the
channel andiencapsitanitcally 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, Taz205, Al1203, 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.

The insulating layer 216 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. In 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.
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11. The semiconductor device of claim 7, further including a net pattern in the first insulating layer around
the semiconductor die. 12. The semiconductor device of claim 7, wherein the first insulating layer covers
the encapsulant around the semiconductor die. 13. The semiconductor device of claim 7, wherein the
plurality of semiconductor die is singulated through the first insulating layer and encapsulant. 14. A

semiconductor device, comprising: a semiconductor die; a first insulating layer formed over the
semiconductor die: 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
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 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.
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an encapsulant deposited around the semiconductor die; a second insulating layer formed over the
encapsulant; and an interconnect structure formed over the second insulating Layer. 15. The
semiconductor device of claim 14, wherein the interconnect structure includes: a conductive layer formed
over the second insulating layer; and a third insulating layer formed over the second insulating layer

and conductive layer. , ,
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.
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16. The semiconductor device of claim 14, further including a channel in the second insulating layer
around the semiconductor die. 17. The semiconductor device of claim 16, wherein the plurality of
semiconductor die is singulated through the channel and encapsulant. 18. The semiconductor device of
claim 14, further including a net pattern in the second insulating layer around the semiconductor die. 19.
The semiconductor device of claim 14, wherein the second insulating layer covers the encapsulant
around the semiconductor die. 20. A semicondu&ﬂ)?ﬂtg'\ﬁce, comprising: a semiconductor die;

What is claimed:

1. A semiconductor device, comprising:

a plurality of semiconductor die;

a first insulating layer formed over the semiconductor die;

an encapsulant deposited around the semiconductor die;

a second insulating layer formed over the encapsulant and
semiconductor die;

a conductive layer formed over the second insulating layer;
and

a third insulating layer formed over the second insulating

layer and conductive layer.

2. The semiconductor device of claim 1, further including a
channel in the second insulating layer around the semiconductor

die.

3. The semiconductor device of claim 1, further including a
net pattern in the second insulating layer around the

semiconductor die.

4. The semiconductor device of claim 1, wherein the second
insulating layer covers the encapsulant around the semiconductor

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

interconnect structure formed over the third insulating layer

and electrically connected to the conductive layer.
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an encapsulant deposited around the semiconductor die; a first insulating layer formed over the
encapsulant and semiconductor die; and an interconnect structure formed over the first insulating
Layer. 21. The semiconductor device of claim 20, wherein the interconnect structure includes: a
conductive layer formed over the first insulating layer; and a second insulating layer formed over the

first insulating Ialyer and conductive layer, , , ,
6. he semiconductor device of claim 1, wherein the plurality

of semiconductor die is singulated through the second insulating

layer and encapsulant.

7. A semiconductor device, comprising:

a plurality of semiconductor die;

an encapsulant deposited around the semiconductor die;

a first insulating layer formed over the encapsulant;

a conductive layer formed over the first insulating layer;
and

a second insulating layer formed over the first insulating

layer and conductive layer.

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

third insulating layer formed over the semiconductor die.

9. The semiconductor device of claim 7, further including a
channel in the first insulating layer around the semiconductor

die.

10. The semiconductor device of claim 9, wherein the plurality
of semiconductor die is singulated through the channel and

encapsulant.

11. The semiconductor device of claim 7, further including a
net pattern in the first insulating layer around the

semiconductor die.
12. The semiconductor device of claim 7, wherein the first
insulating layer covers the encapsulant around the semiconductor

die.
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22. The semiconductor device of claim 20, further including a second insulating layer formed over the
semiconductor die. 23. The semiconductor device of claim 20, further including a channel in the first
insulating layer around the semiconductor die. 24. The semiconductor device of claim 20, further
including a net pattern in the first insulating layer around the semiconductor die. 25. The semiconductor

device of claim 20, wherein the first insulating layer covers the encapsulant around the semiconductor
die 13. The semiconductor device of claim 7, wherein the plurality

of semiconductor die is singulated through the first insulating

layer and encapsulant.

14. A semiconductor device, comprising:
a semiconductor die;
a first insulating layer formed over the semiconductor die;
an encapsulant deposited around the semiconductor die;
a second insulating layer formed over the encapsulant; and
an interconnect structure formed over the second insulating

layer.

15. The semiconductor device of claim 14, wherein the
interconnect structure includes:

a conductive layer formed over the second insulating layer;
and

a third insulating layer formed over the second insulating

layer and conductive layer.

16. The semiconductor device of claim 14, further including a
channel in the second insulating layer around the semiconductor

die.

17. The semiconductor device of claim 16, wherein the plurality
of semiconductor die is singulated through the channel and

encapsulant.
18. The semiconductor device of claim 14, further including a

net pattern in the second insulating layer around the

semiconductor die.
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19. The semiconductor device of claim 14, wherein the second
insulating layer covers the encapsulant around the semiconductor

die.

20. A semiconductor device, comprising:

a semiconductor die;

an encapsulant deposited around the semiconductor die;

a first insulating layer formed over the encapsulant and
semiconductor die; and

an interconnect structure formed over the first insulating

layer.

21. The semiconductor device of claim 20, wherein the
interconnect structure includes:

a conductive layer formed over the first insulating layer;
and

a second insulating layer formed over the first insulating

layer and conductive layer.

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

second insulating layer formed over the semiconductor die.

23. The semiconductor device of claim 20, further including a
channel in the first insulating layer around the semiconductor

die.

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

net pattern in the first insulating layer around the

semiconductor die.
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25. The semiconductor device of claim 20, wherein the first
insulating layer covers the encapsulant around the semiconductor

die.
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