SEMICONDUCTOR DEVICE AND METHOD OF FORMING DISCONTINUOUS ESD PROTECTION
LAYERS BETWEEN 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 discontinuous ESD protection layers between semiconductor die. Background of the Invention
Semiconductor devices are commonly found in modern electronic products. Semiconductor devices vary

in the numMb&FAHFEERYG TR D&Y E&ie MABLAEHTSI s Ot SBMIR LR RV Y& eFih) contain
one type of electrical co %'ﬂ]'éﬁ'll,' ]é(.)ﬁl., ﬁ@#‘&ﬁittﬁ?&'{%ﬁg (EEB%FQHBWS@% P&ﬁ‘sistor, resistor,

capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contamididireds gheillionseafdeatrical components. Examples of
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of functiong suchpas wigiespeesdealcolations dtansmittingeard-tecetuwing electromagnetic
signals, pggggﬁ@gﬁg%gq_ﬁni_(ciggvices, tr%résfo%rgipg sunligrin tolele tricityt,oand %rg%tljré%xggglag@jections
for television displays.

ces a I, a
emiconductor devides are found in the fidlds of entertainment,
device and method of forming discontinuous ESD protection layers

between 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 SeMfcondatdr mateRaltertiafiptiaté aid contrdF thecorfduE it ofthe semiconductor

device. milit#ArSerisonductor davice Lontaing active.anchpassive elecdrical structures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & e GBI base current, the transistor either promotes or
restricts the flow of elegkicateursenit Bassive strustuses, linaludingaesistars 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 dIsshitall coinettéd to form Gretits Swiich nabie the™
semicondugtdrcdevice: tooperfarme hightspeetbealculatord and other usefildunrdtionsty to be

Semiconductor devices ayre generally manufactured using two complex manufacturi rocesses, i.e.,
front-end RAAGALE g, Bhd BACK TR RaRLTaCiLring, SHch NVONIG potehially huRdrds of steps.

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

. Impur 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

componeits Batk-erid procetsds mEyReEhlt i Semitontiaefir dkdite pickagesWith a smaller footprint

by improvements in elegtdcajdaterconnestion and packagingiuatedalsring i s Manyssenigesductor
devices are susceptible to damage from electrostatic discharge (ESD). FIG. la shows a conventional

arrangent&ift Wiftra piitafity of Sefficortfttisitie 10MRVing AciVe durfite 2P 4fd toktact pads 14
mounted do glouhle-sided agdbesive layerdlthapplied quer temperary caater 18s 342 protedtieretayer 20 is
formed over semliffnductor gie 10. ESDCP otection Ias)f/er 0 is a ph sicallé and electrical%continuous
layer forfied Gver sermicoRtudtor did'1655 et As atba 22HBetReen T8 S8micondictor i€ An
encapsulaat/24 is tarmedeaover the permicondubtoridie 30 andicasierl& dn FH6a lb, @dhesive layer 16 and

temporary carrier 18 are remov% and.a build-u interc%nnect structure 26 is formed over active surface
R i -l

12 and e 5§pslﬁ?§nst 24 cj}f ssemlcoﬁauéjt ESH préete%t(fgnl ?a@%r 28%%71“&%3055 Igeprhg/gicéﬂy and

electricallyheontinaous ¢ayeroversemicongucttor mie 10, as wel asrarea@Pllsetwekrndhe semiconductor

die, during formation of build-up interconnect structure 26. 54 JRlectrgstatic charges can accumulate
when the double-Sided adhesive a%lrS 16 \éﬁd%g%%?fr?/ carrier 18 are r%mégvré%?ﬁ'%e electrostatic
charges mestbé removeth i avoidshortefiigithe life cycleof seatidordueter die 10 Antipmizertis

commonly usgd to Neutralize the electrostatic chargas, However.jonizets add,cost g fie, manufacturing

process. ESD protection layer 20 also removes electrostatic charges but requires expensive and time
consumimpdepasition processes, such as chemical vapor deposition (CVD) and sputtering, to form the

phygcam/amjdemﬂc%&%§”§@HQB%kaﬁ%tor devices are susceptible to damage

from electrostatic discharge (ESD). FIG. la shows a
conventional arrangement with a plurality of semiconductor die
10 having active surface 12 and contact pads 14 mounted to
double-sided adhesive layer 16 applied over temporary carrier
18. ESD protection layer 20 is formed over semiconductor die
10. ESD protection layer 20 is a physically and electrically
continuous layer formed over semiconductor die 10, as well as
area 22 between the semiconductor die. An encapsulant 24 is
formed over the semiconductor die 10 and carrier 18. 1In FIG.
1b, adhesive layer 16 and temporary carrier 18 are removed and a
build-up interconnect structure 26 is formed over active surface
12 and encapsulant 24 of semiconductor die 10. ESD protection
layer 20 remains as a physically and electrically continuous
layer over semiconductor die 10, as well as area 22 between the
semiconductor die, during formation of build-up interconnect
structure 26.

Electrostatic charges can accumulate when the double-

sided adhesive layer 16 and temporary carrier 18 are removed.



Summary of the Invention A need exists for cost effective ESD protection scheme for
semiconductor die. Accordingly, in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a semiconductor wafer having a plurality of
semiconductor die separated by a saw street, mounting the semiconductor wafer to dicing tape,
singulating the semiconductor wafer through the saw street to expose side surfaces of the semiconductor

die, formhigCarfESB-proté@iohdafdrrdis th8 semidthdueRi Hie ahl #FeHd R exIcsed Sde surfaces of
the semiganductardie,ysingulating the ESPupretestionilayearto make thenkSBrprotectiondayery
discontinuous_between the semiconductor die, mounting the semiconductor die covered by the ESD

protectiof f&yer 16 a1&Hporary < arfidt dep6siting ahEncapshihe 6ver thE ESH ProtetidH F5/ef covering

the semicenductosdie aemaving theflesiporarucasrier anel .forming atnterconpectisirusture over the
semicondtgctor die and encapsulant. The ESD %rotection Iaﬁer is electrically connected to the interconnect

structure 36 providd BRESS patt” St 2t dndtet embodintent the preséitinventiond8a method of
making atsemiconductar devide comprising thesteps ebproviding asentieanductorwater having a

plurality %! first semicon r die separated by.a saw street, singulating the. semiconductor wafer through
The couy 6B 1 BASine SO s AeR O FS Ay Samicomittor e bt L L0 biatection layer
over the firkt semicondugtor @ie and @aneunctherexposed side surfaces of the first semiconductor die,
singulating the ESD protection layer between the first semiconductor die, mounting the first
semiconductor die covered by the ESD protection layer to a carrier, depositing an encapsulant over the
ESD protection layer, removing the c8nismazyd ¢dfntihg ahninendorerect structure over the first
semiconductor die and encapsulant. In another embodiment, the present invention is a method of
making a semiconductor device comprising the steps of providing a semiconductor wafer having a
plurality of first semicoAduicter die*sepasatedbyce sawsstieet [Singulafify Heosamiconduetoh wafer through

the saw street ta expose;side surfaces of the first semicondugtor die forming,an,ESDprotection layer

over the first semiconductor die and around the exposed side surfaces of the first semiconductor die,

singulatinf theSESDiprsrechionTayet betfesh fite first SefhicohduciRTtie At depssitiiRjar encapsulant

over the ESRLRrotgGHoNIaYelsteps oI Rethes embogdinaent; the, Bresest inygation i3 sgmiconductor
device comprising a plurality of semiconductor die and ESD protection layer formed over the

semicondiicierdie Bhd drotiRf ST SUHFAces ¢ tRe SBRACGHHR RIS HIE. TR ESEF ffdtection layer is

discontinggus betweeanthessamiconductendiey Anancapsulant isgdepgsited Over thesE Sopretection
layer. An interconnect structure is formed over the semiconductor die and encapsulant. The ESD

protectiori FY/er FE et italy 2bhRnedttd W He itércdAtedSiftficturt® expose side

surfaces of the semiconductor die, forming an ESD protection
layer over the semiconductor die and around the exposed side
surfaces of the semiconductor die, singulating the ESD
protection layer to make the ESD protection layer discontinuous
between the semiconductor die, mounting the semiconductor die
covered by the ESD protection layer to a temporary carrier,
depositing an encapsulant over the ESD protection layer covering
the semiconductor die, removing the temporary carrier, and
forming an interconnect structure over the semiconductor die and
encapsulant. The ESD protection layer is electrically connected
to the interconnect structure to provide an ESD path.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



Brief Description of the Drawings FIGs. la-lb Illustrate a conventional semiconductor die with a
continuous ESD protection layer; FIG. 2 lllustrates a PCB with different types of packages

mounted to its surface; FIGs. 3a-3c lllustrate further detail of the representative semiconductor
packages mounted to the PCB; FIGs. 4a-41 lllustrate a process of forming discontinuous ESD

protection layers over side surfaces and back surface of a semiconductor die; ~ FIG. 5 lllustrates
the semiéGridlittortfe WiththHeé RECBHThEEUY ESTF pFAdctiyh RyBrHermbd over fts SideSSurfaces and back

surface; semiconkilzs: &2-6]ilbusieale 2progess ohfosaingsthe-disgonsinugus &SI reteetion layer as

encapsmggkwggnductor wafer through the saw street to expose side
surfaces of the first semiconductor die, forming an ESD
protection layer over the first semiconductor die and around the
exposed side surfaces of the first semiconductor die,
singulating the ESD protection layer between the first
semiconductor die, mounting the first semiconductor die covered
by the ESD protection layer to a carrier, depositing an
encapsulant over the ESD protection layer, removing the carrier,
and forming an interconnect structure over the first
semiconductor die and encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer having a plurality of first
semiconductor die separated by a saw street, singulating the
semiconductor wafer through the saw street to expose side
surfaces of the first semiconductor die, forming an ESD
protection layer over the first semiconductor die and around the
exposed side surfaces of the first semiconductor die,
singulating the ESD protection layer between the first
semiconductor die, and depositing an encapsulant over the ESD
protection layer.

In another embodiment, the present invention is a
semiconductor device comprising a plurality of semiconductor die
and ESD protection layer formed over the semiconductor die and
around side surfaces of the semiconductor die. The ESD
protection layer is discontinuous between the semiconductor die.
An encapsulant is deposited over the ESD protection layer. An
interconnect structure is formed over the semiconductor die and

encapsulant. The ESD protection layer is electrically connected



FIG. 7 lllustrates the semiconductor die with the discontinuous ESD protection layer formed as
encapsulant film over its side surfaces and back surface; FIGs. 8a-81 lllustrate a process of
forming the discontinuous ESD protection layers as an insulating layer and conductive layer;

FIG. 9 lllustrates the semiconductor die with the discontinuous ESD protection layer formed as an
insulating layer and conductive layer over its side surfaces and back surface; FIG. 10 lllustrates
side-by-sffe S&RicbRBGERT UREEACIT ESVETEH Ty the discontinuous ESD protection layer; FIG.
11 lllustrates side-by-side semiconductor die, one die covered by the discontinuous ESD protection layer

and one die without the ESD protection layer;, . . )
Brief Description of the Drawings

FIGs. la-1b illustrate a conventional semiconductor
die with a continuous ESD protection layer;

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-41 illustrate a process of forming
discontinuous ESD protection layers over side surfaces and back
surface of a semiconductor die;

FIG. 5 illustrates the semiconductor die with the
discontinuous ESD protection layer formed over its side surfaces
and back surface;

FIGs. 6a-67j illustrate a process of forming the
discontinuous ESD protection layer as encapsulant film;

FIG. 7 illustrates the semiconductor die with the
discontinuous ESD protection layer formed as encapsulant film
over its side surfaces and back surface;

FIGs. 8a-8i illustrate a process of forming the
discontinuous ESD protection layers as an insulating layer and
conductive layer;

FIG. 9 illustrates the semiconductor die with the
discontinuous ESD protection layer formed as an insulating layer
and conductive layer over its side surfaces and back surface;

FIG. 10 illustrates side-by-side semiconductor die
each covered by the discontinuous ESD protection layer;

FIG. 11 illustrates side-by-side semiconductor die,

one die covered by the discontinuous ESD protection layer and



FIG. 12 illustrates stacked semiconductor die, one die covered by the discontinuous ESD protection layer
and one die without the ESD protection layer; and FIG. 13 illustrates stacked semiconductor die,
each die covered by the discontinuous ESD protection layer. 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
describe@itftetrhs of thé Best %Bﬁeﬁéﬁa&ﬁ@ﬁﬁﬁ‘iﬁ@i’hv%ﬁﬁ&ﬁ% objectives, it will be appreciated by

those skilled in the art that it is intended: ta-eevey alteinativessmpdifisations.andeqyivaleatssasmay be
included within the spirit and scope of the invention as defined by the appended claims and their

equivalerit8 S <tbpBrel by e F6MWinG Hstiodut8 drtcdra@ings? t2Yer sificORdudtdfdevices are

generallywnanufacturad usBy wieepbplexrimanyfacturiagdgrocesses: front-end manufacturing and
back-end manufacturing. Fro t-encg anufacturing invo(l%/e the formation of a plyrality of die on the
surface of a semicond&%{gr’ Wr;%er.l 5:8%@8% the’ wafer contafs %Sfi\(/%l §hd ]baéj%i(\e/é eféctrical
componemts; whick aeel elegtridally ¢bnnectedrto darsn fisctipnal-electtical diecpits.. 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 transformers, create a
relationship between voltageReitadureshtDesesdgmtyioperibrinhete Sirieaicigsit functions. Passive
and active components are formed over the surface of the semiconductor wafer by a series of process

steps including doping,rgleéposritéosné rp@o}q{@@g&rgﬁkﬂy,igcgigg %ri‘% g@n%izgg%n. o[%og{ingéntroduces
impurities into the semiconductor material by techniques such as ion implantation or thermal diffusion.
The dopirgpretasshedifies the eleetrical conduttivity op semiconduttor Piateriakia dotivéltevices,

transforming {he. semicongyetor matedaljnio.an insujatar, copguctor, or dypamically;ghanging the

semiconductor maferial conductivity in response to an €lectric field or base current. Transistors contain

regions of vamang 8/pes’Bndldegrees bhuepingdrrarfyetcasnesessaty td-emalsie e rafsisitto promote

or restrict thedflaw, of glegtrical currentlipan e applieation,otthegledtric field,onbasg.current.
Active and passive components are formed by layers of materials with different electrical properties. The

layers captie-fRfrhed sy 2Valiely st depositiofl téchriGGesdétebedih paft By i §pe df Phaterial

being deposjted. Eor example, dhin filmdepositiondnay invelvechericak warordepgsifiondCVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned-FformSsbriignd ofadtive Cmparerts paSRREcSHhpoRénts NIEaIEEfritaPcoritiettiBRs between

COMPONEfS.t he 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
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
transformers, create a relationship between voltage and current

necessary to perform electrical circuit functions.



The layers can be patterned using photolithography, which involves the deposition of light sensitive
material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a photomask to the
photoresist using light. 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 materiaFiRfoPthesardas of vhidéFoRBR DY pravivis depdsribnfeteR prdcess using
techniques:suctras glectiplesscanicelestiolytic platingr by a Pepositing @ thinbtilexsef matesial over an
existing pattern can exaggerate the underlying pattern and create a non-uniformly flat surface. A uniformly
flat surfacé 5 raqLIEd $6 Brotilice Shaifer @i mofd &fdely pagkéd Betvesaid paseivé E8mponents.
Planarizatioarcani e usea to reypeuermaterial Seome die suiiface: ofithe wafee and produce a uniformly flat
surface. Planarization involves polishing the surface of the wafer with agolishinﬂsgﬁd. An abrasive
material £74 ¢570SVE chandicdl are %gdgé tg?hceggﬁr%l@esofst]ﬁg &fér dufing PBIisHinG “Tié' cSbined
mechanical @ctian ofl tefabrastve antheordesive actarobthe chemicakremoves«anydtregular topography,
resulting inoaémifgr.mly flat sgrface.. ack-en%Qanqacturin%{elfgrs E%) cutting or singulating the

finished wafer into the Fn%iﬁ udldie %%B?H(%n %gcf(néagmé tfie die for structura %‘Gbﬁ%r ‘and environmental

isolation.tiasingubate. the dieethecwaterisiscored angltiroken alongonemfunctiohaltregions of the wafer

called sy shraets o scibes, Thewafer is singulatad using 2 lasr uting laol or saw blads. After
singulation, the individual die are mounted to a package substrate that includes pins or contact pads for

interconneetiom wWithvother sygtemsamnﬁma%.@oméeppadstfofm@bC_bVEJr tlh@serrﬂnnnld@ptor die are then
connected 1o, contact pads within the package. The electreal conpectians,can be made with solder

bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or other molding material is
depositedoventheqrackage do provige phgsical supporteandeletiical BortivhoThé dinishetdPeaekage is

then inseted,into.an electrical system,and the funetionality, of the semicandugtor, device is made available

to the other system components. FIG. 2 illustrates electronic device 50 having a chip carrier
substratedr pritite@ tREGT beard @CB P52 Witha pléFalRy: bf semiconductor packages mounted on its

surface. Electronic device 350 may-baye, ane iwpe-ohsarmicanduciorpackage, o ultinle typesrof
semiconductor packages, depending on the application. The different types of semiconductor packages

are showhdh FiG22%orplirposés bEllesfrafidrectrical 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
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



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/Rifstréte dEA/ices! B Btifer SeRfiddriduetor diE of eféctical componehtsd the n FIG. 2, PCB

52 providgstaxgenaral sukstrate forrsteuctural suppost andelectrsal interconnegkof the semiconductor
packages mounted on éhe PCB. Conductive signal traces 54 are formed over_ a surface or within layers of

PCB 52 (K BvAporatich SOleBirGIFiE platifi  dletfrofss PiitingS Sereehrinting bR ot stitable metal

deposition precessl wignal greges 54 .provide for electrical communication between each of the
semiconductor packages, mounted com%%ent%,and other external system componen%s,. Traces 54 also
provide power and grotiid ConNEaors th Eah’of the Sanidonduttor packagés IR’softe 8fbodiments, a
semiconguctarcdevice has twg gpackaginglevelsdkirstieviel packaging isatechrigue far meahanically
and electrical O%tt%chlrth tl'{e serpkconducto%dle to_.an wgr%rgé%dl%te carger. Second level g&k%%lng

involves Mec anl%any and elesclfrlcéahcf/ea’[tac in%nthecfrrl er ate carrier 10 the PCE. T other

embodiments]acsemitanhdactordevive meaylonlydiayverthe Hiest level packagingeterethe die is

mechanl%%ll and %Ig trlcg@i ([;lnrg)uptezdagllr%cf‘ltlycto th%el?’%lss. Far the purpase. ofllllﬁtratlon, several

types of first %38Fpac aging, including wire bond packagee§16 gﬁd?h@ﬁn gﬁfi% g%a are shown on PCB 52.
Additionailyeseveraktypes of sbeonthievel packaginglirciuding bafl gridlarrdy (BGA) 60 Aogmp chip

carrier (BGG),62.dual insling package (DIF) ?éh'ﬁ@ﬁ grigariay. (.GA) 86, mylti-chip module (MOM) 68,

guad flat non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Dependimp dpeh iiesystem redlirefrentst enyconssinatiorrofisemiconddastor packuiges! comfigured with

any comhination o first,and seeond level packaging styles, asyvellas other electranic components, can

be connected to PCB 52. In some embodiments, electronic device 50 includes a single attached
semicondiitorpackanecivhilé etherambedintehts Ball e mdtifle inkfcsiiieetsd gackgesOBy

combiningone.Qr MRS SeMICORIHGIRL @agk@gq%@@@éiﬁgl@o%&ﬂ@ﬁ%ﬁa%@ﬁ%%gcamngorporate
pre-made components into electronic devices and systems. Because the semiconductor packages

include sBpRiSHcated fiddtfonaltyt tronic devices can be manufactured using cheaper components
and a streamlined mantfagiudng preGassa £he reswting deviges gre-lessikglyde fail and less expensive

to manufacture resulting in a lower cost for consumers. o .
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
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the

package to provide physical support and electrical isolation.

The finished package is then inserted into an electrical system



FIGs. 3a-3c show exemplary semiconductor packages. FIG. 3a illustrates 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, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit

elementsormEd it e QetRE regiohfof dumie BRdABAYR TE CitatSalds T54fe one or more

layers of gonductiveamateriahsushras-alyminum (Adheoppst £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, sémitondudtor dR-74 ShoBnfsa oA mtéiiediste Carfiér'78 Bsinig ' §&ld-silicon
eutectic layerraraadhesbemateriad such asthermalepoxy asepody (esiB.) The packagesbody Includes an

insulative packaging material such as polymer or ieramic. Conductor leads 80 and wire bonds 82 provide
electrical Mérontnebt Beniedh SRS ELoR A 74 And BeR B2 ERGagaiiaitsd R deposited over the
package fdreervironme niahkprotectionyprevenrtinghmoisiure arnd pattictesrfram entenng-theqagckage and
contaminatin% d'ie,c74 Jit)é wire b%ndosfS%. i condzlgt.gjp Illlés(;[[iage%gurtkgg dertl%il. (r)lf Bgrcl: %%(renounted on
PCB 52. Semiconductor &é%% is Molinted over carrier 99 usmgqan undefti orlep%xy-resm adhesive
material 92pWiredionols 94 fiovideifirstlevekpackagingrintereonnectchetween centaectpads H6 and 98.
Molding c%m%ound om%c.a%sgﬁnrt 100.is dseggsi(geﬁd Q Erusetmigggg%ctor die 88 and wire bonds 94 to

provide p%ygicgl sﬁ?pport an ‘ctrical isolation for the device. Contact pads 102 are formed over a

surface of PCB 52 usingla stitablemetal depositiomprodess sueh asceledtralytics plating: ot leddctroless

plating to prevent oxidation. Gontact pads 192.are elegtrically.connegted to.ope ot 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 52lectrical 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.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two

-10-



In FIG. 3c, 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.

SemiconBGEtOR Hie"S8 isdidFically’ and medhanicaly coRAeetBd 16 cartei Ao RrSugbumps 110.
BGA 60 iselectricalyiand meghanisally-cennecied ta REB 53 withc-a B&A styleiseeand lgvel packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductjve signal traces 54 in PCB
52 througH bdMp§ 107 $iyhal e 164, andBUinps 118V A mBRiHP oM Podiy 8F&ficapsulant 116 is
depositechovansamicondueton diel 58 and carrer 06 toproviglesphysicat suppoert and elegtricalisolation

for the detvice. The fgﬁ chip semiconductE%g d(%/ice rovides a short elgétéical co ductionlgath from the
active deVices'dh setmicondlictdr die 58 T ESdlictibi traeks T PCBBY ihBrderto eduds Signal
propagatinidistasce, lower £apacitances and dmpsavenoverakt cictiih perdarnance. In another

embodiment, the semiconductor die 58 can mechan'ca%y nd electricall nne directly to PCB 52
using fIipI%%ﬁgl %trf/fecglrsi %V%Ppaggla%?r?gr\}vﬁﬁgﬁty in{féorlrhrtlalC ia e%ﬁﬂ?e&%%%g e F[|g S.'4a-41 lllustrate, in
relation to FIGs. 2 andBar3¢,reeprocess ot farming dissontiruious, ESByvsrotectiondeyers Dver side

surfaces 9519 Sbcaclf sugftce offg semiconductgq1 gifhgl% ..Af% stg%vr\{é a s(,jecrﬁgicggd%%to[,;l ng%llgo with a base

.lev acxKkagln inc .
substrate material 122, such as silicot , germanium, gallium arsenide, indidm phosphide, or silicon

carbide, msyué@ralmp@homplamlif_iﬁ@f @Qnicoﬁddabﬂdieadrlcomﬁ@ﬁmgl%j@&ﬁ_meﬁ on wafer 120
separated by saw stteetp 120, a5 deagribed abaua g pa1 PG 4 showsa cigssiseionayjgw of a

portion of semiconductor wafer 1 ach semiconductor die T24 has an active surface 130 containing
analog orcdigitalcgicoits impRprented ashetive devicesepassiié deviced Foorfdtictive nayersidnd

dielectric layers fqrmad within the die and glectricaliyInterepnnecied according,to the,electrigal design
and function of the die. For example, the circuit may include one or more transistors, diodes, and other

circuit elétRefRISrmed Withif actiSs e Brfo Ripiément dralogticaite BR d/ENEiRUItsNsuch as
digital signag processor(RSR): ASIGy Mermery, or othen signak prosessing circuil. Semigonductqr die 124
may also contain IPDs, such as inductors, capacitors, and resistors, for RF sighal processing.
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.
FIGs. 3a-3c show exemplary semiconductor packages.
FIG. 3a illustrates further detail of DIP 64 mounted on PCB 52.

Semiconductor die 74 includes an active region containing analog
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An electrically conductive layer 132 is formed over active surface 130 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 132 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 132 operates as contact pads electrically connected to the circuits on active surface
130. Semiconductor wafer 120 is mounted to dicing tape 136, as shown in FIG. 4c. In FIG. 4d,
semicondfctorWafe? 126%s Sihgufate 8 aGH SaW StFet 426" oWt - ity BpESESE using saw blade
or laser cadting-too] 138 e gxpase-side wuraces 142 of seaueanduciondie d 2dormed whthie: 4e, a
conductive layer 140 is formed over the expased side surfaces 142 of semiconductor die 124, i.e., in the
singulatel¥aw'sFed 6 Coralichive iyt 140 1€ hRbIBHRES bFer BEECSIHA% 144, Cpposite active
surface 130 it ene emhosgiment, sonduetiveilayer ¥40-car begne, oronere-tayetsiAl, k& Sn, Ni, Au, Ag,
or other suitable electricalllé conductive material. Conductive layer 1§0 is formed usin% electrolytic plating,
electrolesd’Siating process: oF“8ﬂﬁeer%ﬁﬁgﬁé?ﬁgféfdeéj&s‘?%nsprdc% Sin%hétal f61RT cohdbiétive layer
140 has a ¢hicknesssgf hhdo 2thmicrometerst(pa) @ven back surface k44 hAlternativelytdonductive layer
140 can be an ele%tgﬁjcasllé/ condu ti\(/:% golymeer oy 4electgcalj%jcgcndu‘_gtz(tj{\ée % i.eé pgrlymer or ink base

material vrvﬁﬁ%a?enctrlcally conductive par]fic%ls, having a {hickness Tessthan 100 pm, Sre é:raIBR/rfO-SO pm.

For exampig che cohductivbpalymer candaeipdlyacetylene spelyphemyieneldiylene,quabgpyrrole,

polythiophens, polyaniling, polyshsnylens, o other praanls polvier, T condygtive polymer or
conductive ink'is formed by printing, sputtering, or vapor deposition over a metaf mesh or other
intermediate comdyctivesayerfornée dvepséamiconductor die12meDéperidinged the phdterial, conductive

layer 140.can alsp he formped by sancil printing, screenprinfinge spipcoating, ot needle dispepsing.
Conductive layer 140 operates as an ESD protection layer for semiconductor die 124. In FIG. 4f,
ESD protéetion fayes 140Us sieulated betwda T semiconducr diec 124 dowmitodicing edise 136 using

saw blade of Jaser cutting tool. 148, Saw blade;gr laser cutting fqol 148 js fypically narrawer than saw

blade or laser cutting tool 138 so that ESD protection layer 140 remains covering side surfaces 142. After
singulatiGi® ESD proteBRerY lay/ef 120 is diztoRiriiotEhetveEn Serlissirfuctor die I24avhKkEstill covering

side surfages, 142 and hack surface 144 of semiagneuctos.die 424N 1G.4g, @temporary substrate or

carrier 150
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
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102

are electrically connected to one or more conductive signal
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contains 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 152 is applied over carrier 150 as a double-sided adhesive layer releasable by heat or
ultraviolet (UV) light. Semiconductor 124a covered by ESD protection layer 140 is removed from
dicing tape 136 and mounted to Interface layer 152 over carrier 150 using pick and place operation.

Likewise FSéififednddctor 1346 covered By BE DY btectionIaydterh PR T8 RfVe8 rm dicifg tihe 136 and

mounteddg Iferface layer 454, as shawn inddG. 402ESP protection layer 140 formed over
semiconductor die 124a is discontinuous, 1.e., physically separated and electrically Isolated, from ESD
protection layer 140 foried bier SEmiconluGP A 124b SémitdndGctBP Bie o4 4§ 1248 each with a
separatetandidiseoninuods £SD prateetiarn myet 140 amounteddnigarder1%0 isirefarradkte=as a
"reconfigured wafer." In FIG. 41, an in apsﬁulant or moﬁin compouncs%m is deposited over

er i

semiconditt6rdie 1 24a aid 1940 ARd catti 0%h an AMGURE AL Vet ESD protecfigh fayer 140

formed owersidg surfades; 142 andibackisikfatedddeirsemicanductar die 14aianrd 124b. Encapsulant

154 is deposited using a paste printing, campressive molding, transter molding, liquid encapsulant
molding, VRSt aAA R e S S othar SiTdble Bppeaor BBy 154 Lan S5 polymer
compositeanatediah such ashepoxyaesmiwithl fikersepgoxydcrylate avith filleF,cor pohemen with pneper filler.
Encapsuléslﬁ 154 is non-cgrqggctl e and envwonment{g@%1 pratects the s%e}rinol nduc{cirgglecv%cergom external

it ma one Or more O S
elements and contaminants. In % 4?, temporary carrier fé(? ané?ﬁte ace ?ay’er are removed by

chemical®tehing teehaniealipeealoff, GNIE, methanicalkgrinding, thernaldbaket Wnlighttlaser scanning,
Orweta@%%@%h 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
intermediate carrier 106.

FIGs. 4a-41 illustrate, in relation to FIGs. 2 and 3a-
3c, a process of forming discontinuous ESD protection layers
over side surfaces and back surface of a semiconductor die.

FIG. 4a shows a semiconductor wafer 120 with a base substrate
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In FIG. 4k, a bottom-side build-up interconnect structure 158 is formed over active surface 130 of
semiconductor die 124a and 124b and encapsulant 154. The build-up interconnect structure 158 includes
an electrically conductive layer 160 formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating. Conductive layer 160 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of conductive layer
160 is eld@RfEARconhettedCioLbract Hats A=Y o SEmicBrddttoP gt E24a &fd $248 SAnother portion of
conductiverlayemnled isselectiicplly eonnacted o ESBypratectionlayer-14Q as a1lowipipedance ground
point. Other portions of conductive layer 160 can be electrically common or electrically isolated depending
on the desigh and fdhctibn BT HE SBRTEOATctbr HeviceS O™ PO e Hhe bild-upintéttBhftle@tructure 158
further ingludles anJosulaiiag et passivationdayer 262 formmd, betwegnscontuetive layees. 160 and
containing one or more layers of silicon dioxide (5i02), silicon nitride, %SBN ), silicon ox nitri%? (SION),
tantalum pentoxide (1aEZB%), a41%m' DX 263" 6F bt tatériaha/ing s%%ﬂr%hlgt g and
structurakpropettiesu dhernsidadting fayer. 162 is-formed iusingl YD, £C\AD eprirting, spinscoating, spray
coating, sigtcering or tkrl%ram%l oﬁq)atigg. fain rlIn Fln%. 4(51 anrel ctric%g)ic%nq:ucctivg bump material is
depositeé1 over uilsdfup interconnect structlre t58" an& e?lec?rlca %/%%)nnecte%i t6 conductive layer 160
using an evaperationeceleetolytic platingselectrolessiating; bad vdrops or screeénqrintiag process. The
bump material can be Al, Sn, Ni, Au,.Ag,,Pb, B1, Cu, solder, and combhinations thereof, with an optional
flux soluzfoarlli./%? éxgr%%lec,?ltﬁg\l ﬁtmrplr%a%earya?]égn%%rénuet%ct‘f]clgﬁ#%,tf?llg%-i]g%l% Sol er, or lead-free solder.
The bump Imateriakis bondedite condoetiveckdyerct8d dsing & suitdbte aftactimentedr biersding process. In

one embodiment, the bymp matgralys reflowed by heating the materigl abpve jis melfing pgint to form

spherical balls or bumps 164. In some applications, bumps 164 are reflowed a second time to Improve
electricalvontact teevrdictivedayércrs0. Thedbiafips eaf alsdise cempressionr bengad fo conductive

layer 160 Bumps 164 representione type of nteregnnegt struature that can be formed ovet copductive

layer 160. The Interconnect structure can also use bond wires, stud bump, micro bump, or other electrical
Interconrigegital ciSemicbhductor dicd 248 and 3246 e¥e singRifsead withrsal bRide driaSer cutting

tool 166 intg,individual semieonductor-devices.« s sing RiGraghews semicondugior devieg 168 after
singulation. Semiconductor die 124 is electrically connected to build-up Interconnect structure 158 and

bumps 164 4THEEctieSand passive cikElts fofmel vithin Agtve Stiface 286 6f S&mfcondlictor die 124

are susceptible to,damagefrate ESD, g¥entsElectrostatic charges can accumulate, for example during
removal of carrier 150 and Interface layer 152. The electrostatic charges must be removed to avoid

shortening the life cycl8df SeRfiddntitordic 124UEbhdGctiveYiayer 40 provides"ESDYBection for

semiconductardie sh2dry-aeutsalizing the electjostatic chargesrcopductivellayemt40 provides an ESD
discharge path 17Q through conductive layer 160 and bumps 164 to an external low-impedance ground
pOHﬂtOS% gﬁﬁ&%gﬁﬁaﬁ%gtlng process, or other suitable metal deposition

process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.

Semiconductor wafer 120 is mounted to dicing tape 136,
as shown in FIG. 4c. In FIG. 4d, semiconductor wafer 120 is
singulated through saw street 126 down to dicing tape 136 using
saw blade or laser cutting tool 138 to expose side surfaces 142
of semiconductor die 124.

In FIG. 4e, a conductive layer 140 is formed over the

exposed side surfaces 142 of semiconductor die 124, i.e., in the
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electrostatic charges and protect semiconductor die 124. The electrostatic charges migrate toward ESD
discharge path 170, which is lower resistance than a path leading to contact pads 132 and active surface
130. By depositing discontinuous ESD protection layer 140 over side surfaces 142 and back surface 144
of each semiconductor die 124, a cost effective deposition process, such as stencil printing, screen
printing, spin coating, and needle dispensing, can be used. In another embodiment, continuing

from FIG S48 & EBREGCtRR eritapSiant filtn 174 M applied’o thp¥ Tarretl 76%arid pBsifiRaE dver

semicondiieter digdi24s as shewniin £1Geo fpokneapsutantitmslidecantbe bestaged cyrable flowable film
encapsulant containing fillers such as alumina, copper, carbon black, gold, or platina. For example, the
b-staged HIH TN Epos RS Eortaintiy 8FéCETIAt%||§ LBnbGctRR D& TiclBe Bhd g atickness less
than 100qm, eferably 20250 pa). The eanductive engapsulantfiim-1 ¢4 operatesasaniE&D protection
layer for semicond%ctor die %4. , In FIG g , ESD protecéion Iag}%;| 174 istla jnated over
semicondlftt6rdid 124. PR .Cécl,‘EeS[%%ﬁzgt]écljlon layer 194718 Cursd At fapearfier 176is removed. In
FIG. 6d, ESExprotgctiondayercll &kis singilateg hetween semiconductar die li24kdewmta diting tape 136
using saw blade. or.laser cutting tool 178. After singulation, ESD protection layer 174 is, discontinuous
betweon SERCaH e S T3 While S0 KOy inG S s TARe 4> dnd BACK striBod 174 B
semiconductiokdied240f 0.1 trFEG.06e)atermparanssubstiate o cabrier K 80wontains Saérificial base

material suGh.a5, silicon, Rolymer, Relymer camposite, metal, cefamic, olaps, glass epoyy. berylium oxide,
or other stiitable OW-COSt; figi material for struttural support. An Interfaceﬁayer or tapé/ 182 is applied
over carriepntBQ as ved qublessite doad ebpvetlayepreleasablielby heatorn UN/ lighte ., polymer

or ink base material with electrically conductive particles,
having a thickness less than 100 um, preferably 20-50 pm. For
example, the conductive polymer can be polyacetylene,
polyphenylenevinylene, polypyrrole, polythiophene, polyaniline,
polyphenylene, or other organic polymer. The conductive polymer
or conductive ink is formed by printing, sputtering, or vapor
deposition over a metal mesh or other intermediate conductive
layer formed over semiconductor die 124. Depending on the
material, conductive layer 140 can also be formed by stencil
printing, screen printing, spin coating, or needle dispensing.
Conductive layer 140 operates as an ESD protection layer for
semiconductor die 124.

In FIG. 4f, ESD protection layer 140 is singulated
between semiconductor die 124 down to dicing tape 136 using saw
blade or laser cutting tool 148. Saw blade or laser cutting
tool 148 is typically narrower than saw blade or laser cutting
tool 138 so that ESD protection layer 140 remains covering side
surfaces 142. After singulation, ESD protection layer 140 is
discontinuous between semiconductor die 124 while still covering
side surfaces 142 and back surface 144 of semiconductor die 124.

In FIG. 4g, a temporary substrate or carrier 150
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Semiconductor 124a covered by ESD protection layer 174 is removed from dicing tape 136 and mounted
to Interface layer 182 over carrier 180 using pick and place operation. Likewise, semiconductor 124b
covered by ESD protection layer 174 is removed from dicing tape 136 and mounted to Interface layer
182, as shown in FIG. 6f. The ESD protection layer 174 formed over semiconductor die 124a is
discontinuous, 1.e., physically separated and electrically Isolated, from the ESD protection layer 174

formed oVEPsémitonddctor Hie"124b ‘SetficBRAGCOF dieStP4a aid 124B &3kh With ¥iktontinuous ESD

protectioR dayafd 4 Baswitad to, carder 150 isteferred tq as as'reconfiguredwaler. veryv11i01F1G. 69,
an encapsulant or moldin{%compo,und 184 is deposited over semiconductor die 124a and 124b_and

carrier 18055 affountfHaE cBVersTESH protection fayer 194%ofES byer sii8suffabBs 145%4hd back
surface 14daf semicongduciordie fl2da and 224 Encapsulant 184 isgepasitedusing afpaste printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or
other suiﬁa%?e aplitatsr i%éﬁ&ﬁ%g% fgg‘ Cat be polymér &di Sgﬁ?ebar];%teg:?’a?:%&% a8 epoxy resin with
filler, epoxy aceytatelwith filler) on palymer with proper filler. Encapsulant 184 is non-conductive and
environmentally protecése ;[Trge senrgicogdl%ct% %gvigg ‘;rorré gx%ern@ emgn;cseacntd:L c%ntﬁgniré%ntf. 0 In
FIG. 6h, temporary carrier 186'and nterface ayer 187 are réoved l?y Shémical etc m@, mec%anical
peel-off, CMP,emecteahical grinding; tlyernzal dake o U¥it)htydaserestanminig; oe wet striplpingr In

FIG. 61, Ep?ttgm-side build-gurfzgé%rc%gnect struc}{ure 1 8$i gormed aver %_COtiI\Il.e Suﬁffl?gwli?’soe()f

: : At .
semiconductor die 124a an elﬁlc%p%ﬁi:antﬁ% . The %llg-ﬁfjprlﬁterconnect structure 188 includes

an elec_tri@aﬁsiG@mm_mit/eﬂgye?rmotf@vmeddjm @@@ttemm@e}hd pnetabaepositidch process such as
sputtering. elecirolyic plating . and electroless plating . Conductive Jayer 190 can.be gne or more layers of

Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of conductive layer
190 is elegricaliyweonhectetto contactipadscr32teisemicondictor die01 24arasdl 12818 rAnother portion of

conductive ayer, 199 is; electsically sannected ta ESD pratection layer 174 as 2:lowjimpedance ground

point. Other portions of conductive layer 190 can be electrically common or electrically isolated depending

on the dexftrand fthctiof of 8¢ sericohtiucior deviced, fromThelhumEAirinterednAdstStructure 188

further inglygles anipsulating ok passivation-layer 192 farmgd between condyctive layers 190 and
containing one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material having similar

insulating*8Ad stGBur&3TBpeities. Thé frstrair 1ayer £92 OB MBY UShEPY DR ESAS Pritftiig, spin
coating, spray coating, siaterpg@r thermal oxidationy is referred to as a

“reconfigured wafer.”

In FIG. 41, an encapsulant or molding compound 154 is
deposited over semiconductor die 124a and 124b and carrier 150
in an amount that covers ESD protection layer 140 formed over
side surfaces 142 and back surface 144 of semiconductor die 124a
and 124b. Encapsulant 154 is deposited using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, wvacuum lamination, spin coating, or other suitable
applicator. Encapsulant 154 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 154 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 4], temporary carrier 150 and interface layer
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In FIG. 6j, an electrically conductive bump material is deposited over build-up interconnect structure 188
and electrically connected to conductive layer 190 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu,
solder, and combinations thereof, with an optional flux solution. For example, the bump material can be
eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer

190 using a%LAtaBler&Fatriertor Borbifproe eSS IR dneifibadinteht, ey fratefalis reflowed
by heatingdbg dnatesal apavedits, gnelting paint to fora) sphericahhalls oubymps d94n Imsgmer
applications, bumps 194 are reflowed a second time to Improve electrical contact to conductive layer 190.
The bumB§ taf disd’bé 8mpression bonded to conductive layer 190. Bumps 194 represent one type of
Interconnect structure that canrbe formediayverconduetive-layee 190.1The-lnterconaecisirusture can also
use bond wires, stud b , micro bump, or other electrical Int rconnﬁ%? Semicanductor die 124a
and 12465 Sifgdiatedwith Saf Biade of Taser &Gttihg To81 196 nto mdividdal SeMicoRAS devices.
FIG. 7 shoivs Semiconddctop devieed 98raftes singutatiant Semitarduiarn died?24 is electrically connected
to buiId-ujﬁ)nlpéerco%n%cétstrgggjr% 18? anﬁ umR%iLQéé;I;he gcg %gggfaﬁi e circyliés chrmed within
active surface 139'of semicondﬁc%lr die % are sulslceptib‘?e to damage from ESD events. Electrostatic
charges danyaccurulate; foreexamphedduringaremroval ofcamier 180 ahddaterfaceilayenck82: dhe

electrostatic haar%es mutsé be.removeeg tg avo'hd %hocrte ing the life CI;{%IZei fsemiggnductor die 124.

€ g el ! \ .
Encapsulant film 174'provides ESD protection for semiconductor die )y neutralizing the electrostatic

charges. Ercapsglant ﬂlinM_biMﬁ'dé@aﬁlESB @ispharng@meZQ&tm@u@ é@nmmiveﬁgy’elrrlgo and
bumps 194, to ap exjernallgw-impedance.ground point { safely discharge fhe electrostatic charges and

protect semiconductor die 124. The electrostatic charges migrate toward ESD discharge path 200, which
is lower resistanicelthan @ sathdedding to Eontaetpads 182 bad<active Suiface 130t By erepbsiting

discontinugys ESD grotectian layer 144 guer side sprfaces 142 andihack surface 144.0f pach

semiconductor die 124, a cost effective deposition process, such as stencil printing, screen printing, spin
coating, artd ReediBHSpEsimp CahBe gded-onductive layer 160 is electrically

connected to ESD protection layer 140 as a low impedance ground
point. Other portions of conductive layer 160 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device.

The build-up interconnect structure 158 further
includes an insulating or passivation layer 162 formed between
conductive layers 160 and containing one or more layers of
silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Taz205), aluminum oxide
(A1203), or other material having similar insulating and
structural properties. The insulating layer 162 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation.

In FIG. 41, an electrically conductive bump material
is deposited over build-up interconnect structure 158 and
electrically connected to conductive layer 160 using an

evaporation, electrolytic plating, electroless plating, ball
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In another embodiment, continuing from FIG. 4d, an insulating or dielectric layer 210 is conformally
formed over side surfaces 142 and back surface 144 of semiconductor die 124, as shown in FIG. 8a. The
insulating layer 210 contains one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material
having similar insulating and structural properties. The insulating layer 210 is formed using PVD, CVD,

printing, spin coating, spray coating, sintering or thermal oxidation In FIG. 8b, a conductive layer
212 is folth&dP ovErinSGIafiRg Iayet 2167 fe P bYEFSIBe suffateS 14D il tHe Singllatéd saw street 126 and

back surfage Id4, Imane egbodiment; condyctiellayer, 2bhear beione-erimake kayerseAl Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. Conductive layer 212 is formed using electrolytic

plating, etectioIEds HIRfinG Processsr SRLF5ditAble mé&tal § prot&sS RN BT forif tonductive

layer 212-has adhieknesscafd. 149 2K) paiover hagk susfage 1440 Alteenadivelye eorduciive layer 212 can
ically conductive ink, i.e., pol Ig‘uer or ink base material with
a

be an electrically conductive palymer or elec
eIectricaIE}‘éo vé' %Egﬁ%eagﬁé%m%o& E%inte%s?g& ah'160 &%YS eférably*29:59 . For example,

the conductivegpalymet car heqolyacetylene, ipaly phenytereyvinylene; polypyiole, potythiophene,
polyaniliqoemgoly QEQ}"{EQT’ (__)Lréothg%%%%néc Bolyg]eea{ 'Il'ple cgﬂgu%ivteegral)é er Bc%nqucctive ink is formed
by printing, sBu ering, or vapor 5ep05|t|on OVEr a me,%al Mesh or Gther intermediate conductive layer

formed owerlsemigopductor die T24rDependingen the iMatenal, tonductive 4ayer212scarealso be formed

by stencil riqti.n creen prki)ntin ;S ig coatingr rfrieedlg dispensinIgd T{le insuclatin IaLyer 210 and
conducth?ﬁl%yé%f %%gr’ate%rg an l‘ﬁ?E %F&ect%on %@%r for semiconductor die 124. '~ In FIG. 8c,
ESD protettiort fayer 21021xis tsingulatedbetwesr séaiconductor digli24dowrstocdisingltape 136

using say, blade or laser gytting tool 214, Saubiade or laser cufing tgol 214 is typically narrower than

saw blade or laser cutting tool 138 so that ESD protection layer 210-212 remains covering side surfaces
142. After sigaizttion, ESD phorectivh lapseZ I 2Exs discontinuoes bedleerrsemicohdution die 124

while stil soueringsicle-sufaces.1A2 and back sidage 144 of semiconducior g 424z a1solh FIG. 8,

a temporary substrate or carrier 220 contains sacrificial base material such as silicon, polymer, polymer
composités meball Befahiie Sglass, Wlass @poxyn beRRlidtHBxide or @fasuitaBleHBweedst, rigid material
for structyral suppert.Ar interface layer or tape 222 is applied over carrier 220 as a double-sided

adhesive layer releasable by heat or UV light.
Semiconductor die 124a and 124b are singulated with

saw blade or laser cutting tool 166 into individual
semiconductor devices.

FIG. 5 shows semiconductor device 168 after
singulation. Semiconductor die 124 is electrically connected to
build-up interconnect structure 158 and bumps 164. The active
and passive circuits formed within active surface 130 of
semiconductor die 124 are susceptible to damage from ESD events.
Electrostatic charges can accumulate, for example during removal
of carrier 150 and interface layer 152. The electrostatic
charges must be removed to avoid shortening the life cycle of
semiconductor die 124. Conductive layer 140 provides ESD
protection for semiconductor die 124 by neutralizing the
electrostatic charges. Conductive layer 140 provides an ESD
discharge path 170 through conductive layer 160 and bumps 164 to

an external low-impedance ground point to safely discharge the
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Semiconductor 124a with ESD protection layer 210-212 is removed from dicing tape 136 and mounted to
interface layer 222 over carrier 220 using pick and place operation. Likewise, semiconductor 124b with
ESD protection layer 210-212 is removed from dicing tape 136 and mounted to interface layer 222, as
shown in FIG. 8e. ESD protection layer 210-212 formed over semiconductor die 124a is discontinuous,
i.e., physically separated and electrically isolated, from ESD protection layer 210-212 formed over

semiconductordig 22b! Serliedifittordle A2A5%d £54b: CarAWhltPdiseditinuotis ESB$rotection
layer 210s 242 moninied to earder2201is teferred toasad reconfigusechwaier. path 170 FIG. 8f, an
encapsulant or molding compound 226 is deposited over semiconductor die 124a and 124b and carrier
220 in al anidunt thatsvers Eébsﬁr%?&&ioﬁﬁéﬁerazﬁﬁ’ﬂz TG Sver%ife RuASGEeS 42 and back
surface 14420ofsemiserduciorsdie fl24a arxhl24tpEntapsulant 226 ds depositeslusiag aqaaste printing,
compressive molding, transfer molding, liquid encapsulant moldjng, vacyum lamination, spin coating, or
other suit%ﬁ?etgﬁﬁlft%?ori%%%gp%@ntgé' c&nt B8 polmér g&méjé%teaﬁl%teg:?a%‘gféhr SE5oxy resin with
filler, epoxy acaytateswith tikerdarpolymer avittegroper fittert Eacapsulant2 2t isaxainconductive and
environmen(t)acllé@srotec{[lscWe semiconductor device from external elements and contaminants. In

FIG. 8g, Permporary carrier 220 and inter ac@ﬁalfetrlzrﬁ%’ arsécra%eor\l/e%rblync lenng{i’t:aﬁgtlcﬂing, mechanical

peel-off, CMR,imegchamdalrgrmdirg, dhenpsal Hake, UVdighbdasercstanning, or wet stripping. In
FIG. 8h, a bottom-sidepuild-%kr{;[%rc %%%% strugtcure 228.is formed g\é%rma%tii/g suifgceal?;o of

semiconductor die 124a and 5 an encaﬁénlﬁant’ZZC&%lenBﬁ%gup interconnéct stfucture 228 includes

an electrmamﬁc@mdmivedmmﬁ@méd using’d p'aete_ﬁm@g and m@tatd@@osmorrpmceﬁ such as PVD,
CVD, sputieying,, electrolyiig nlating, ang.eleciroless plaing. ¢-onductiveJayer 230,can be one or more

layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of
conductivelages 236 i5-electiically éonrectee técoagepads 132 b sémivoheletor dien124a and 124b.

Another portign of egnductivedayer230 isselectrically copnected fg-gonductiye layer 212,85, low

impedance ground point. Other portions of conductive layer 230 can be electrically common or electrically
isolated depEHEing6r the 8&sigA Rt fanctioPsf thesseritondd@oldéiegcd f1lmmapuitkup

interconnggbstructuee 228 furtherinclydes ap nsulating or-passivationdayen 432 farmed hetween
having a thickness less than 100 um, preferably 20-50 pm. The
conductive encapsulant film 174 operates as an ESD protection
layer for semiconductor die 124.

In FIG. 6b, ESD protection layer 174 is laminated over
semiconductor die 124. 1In FIG. 6c, ESD protection layer 174 is
cured and tape carrier 176 is removed. In FIG. 6d, ESD
protection layer 174 is singulated between semiconductor die 124
down to dicing tape 136 using saw blade or laser cutting tool
178. After singulation, ESD protection layer 174 is
discontinuous between semiconductor die 124 while still covering
side surfaces 142 and back surface 144 of semiconductor die 124.

In FIG. 6e, a temporary substrate or carrier 180
contains 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 182 is applied over carrier
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conductive layers 230 and containing one or more layers of 5102, SI3N4, SION, Ta205, Al203, or other
material having similar insulating and structural properties. The insulating layer 232 is formed using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal oxidation. In FIG. 81, an
electrically conductive bump material is deposited over build-up Interconnect structure 228 and electrically
connected to conductive Iailer 230 using an evaporation, electrolytic plating, electroless plating, ball drop,
or screentprintitity ProtesS e bGinp raterialt «an B@WFSﬁ,el‘llFfﬁF}%Jg? / BAS &, 261deY, and
combinatiangthereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer 230 using a
suitable attachment or BORUHYTOCESS. 1 Dhe erfBEdiRTErtthE Hurky Hatehaiqs réffolied By fieating the
material aBove-its melting-paintitocform sphescaldzlisror humps 234.H8 some applicatioassbumps 234
are reflo a second time to Improve electrical contact to conductive layer 230. The bumps can also be
compresdibf 60 God 135D AACONE g8 530 o 534 SPEeRPEAE o Infor G ALY stuctore
that can befarmediovercondpdtive-tayer 230 bhe ftefconneettstrictureyean alsa use bond wires, stud
bump, mﬁg:é?nburg](g), %r 8the(5 e(lzecr'gric%l Inteerq_ ect.d o ntSeO{nichndtrJl%tgr giecigz a}_ﬂagg: 1%@19 are
singulated with Saw blade or Ia%ergcutﬁﬁg ta6] 238 1nto individual sémiconductor devices. " FIG.9
shows semicehduttor devite 238 after Singulstitione Senscanductdragie 1 24ig efectricallyaccormected to
build-up Interconnect structure 2 nd bumps 234, The active and passive circuits formed within active
surface 130 0 883%&:%1%0%%%?5%2 are sﬁs%csecp%%Felt%ugélnﬁégé fr%)fn’ ES g\}e%]atz.{ézlectrostatic charges
can accusmpatea forexantple Harihg remblal ofcalagrc220 andtetface fayep20ReThe @lectrostatic
charges must.be remoyed to avaid shottening the life gyclg of semiconductor die 124, The insulating layer
210 and conductive layer 212 provides ESD protection for semiconductor die 124 by neutralizing the
electrostaticdehargés. 1Cdhductivelayert1 Xprevides ianESD diséharge fpadit 200 thovgh conéluctive
layer 230.and, bumps 234.tp,an.external law-impedance ground ppint to safely rge, the electrostatic
charges and protect semiconductor die 124. The electrostatic charges migrate toward ESD discharge
path 240, which is lowerfreSistanceSthaf™a FaRARAHIRG TS cOntde? pads 132 Arelcattive Stiffaté 130. By
depositingdiscontipyous ESD. protection layer-210-212.over side surfacesl42-and-back syrjace 144 of

each semiconductor die 124, a cost effective deposition process, such as stencil printing, screen printing,
spin coatirfy, AMdFEEHE disPehsifgyEarT bé tideBT Mtaddition insUI&fing iAyef 210MdTCEE uctive layer

212 act ag;igyshiglding layer to;suppress glactromagnetic interfgrence(EMI) andvadiofiequency

interference (RFI). The insulating layer 210 also prevents electrical shorting between conductive layer 212
andsenﬂ%Bﬂd&&éPdE&Eﬂfapsulant 184 is deposited using a paste printing,

compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 184 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 184 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 6h, temporary carrier 180 and interface layer
182 are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or
wet stripping.

In FIG. 6i, a bottom-side build-up interconnect

structure 188 is formed over active surface 130 of semiconductor
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FIG. 10 shows two side-by-side semiconductor die 124 each with an ESD protective layer 140 mounted to
Interconnect structure 158. FIG. 11 shows two side-by-side semiconductor die 124, one die with
ESD protective layer 140 and one die without ESD protective layer 140, mounted to Interconnect
structure 158. FIG. 12 shows an embodiment, continuing from FIG. 4h, with semiconductor die
124 covered by ESD protection layer 140 mounted to the temporary carrier. A semiconductor die 250 has

an activestitfate D5 22¢shtainiity aRsloGor aryitat ercuitsSifplerhBftedPastdctite devices, passive

devices, eonductivelayers anddiglestricdayersdonned withinsthecdie angelectasallysintareennected
according to the electrical design and function of the die. For example, the circuit may include one or

more trangistors, Hidtes” BRa Dtherdifturt lerbRiSoRAed WitHlis hetve ShPace 255 1@ M5iERnt analog

circuits o dighitakeircuits: sweh as PSP, ASIK, 1gemery, Ds oiher,signal proeessingl eiksyit. Semiconductor
die 252 may also contain IPDs, such as inducﬁlo% , capacitors, and resistors, for RF signal processing. A

plurality ot contad padg%ﬁg%r‘ﬁ?e BVEFactive sUHAcB252 A acK Sihface™k6 6f Sémiconductor die
250 is mauntedto BSD praiection layer 240 eversbackasuréacel b44 ofi sermicpndueton diei 124 with

adhesive layer 258. An encapsulant or molding compound is.dep iteg over semiconductor
e 124 8 TG Bl the BB L s Baste BTG mbrSLhe Oichig HEmarer G, hauid
encapsulanthmaidirg, vacuoomlaaminatie spirs 2oating; @n otherduitable applicatdtaEncapsulant 260 can

be polym LG mpogite ni\]aterial such as epoxy r in with fillfr, epoxy r;il te \ﬁ/ith filler oipolymer with
proper filgr Igﬁcapsrb?a{:ntez%ogg rn%ﬁggngucti%éna;%r?écgnlv\f%nmaeyn%IIy g}gtecgts the gg’rﬁc%%du%tor device
from externalelefrreditsand 8bntantibhantsion layAmldrafityeef Aad isfoimed danoughaeneapsulant 260

using Iasggqglgr]g, @gﬁ@@ﬂi?%lrdﬂlg}gs of 96881{8@[%@1‘3\;?8” fg%gg @BI@aJ h}gevias are filled with Al, Cu,

Sn, Ni, Au, Ag, Ti, tungsten (W), poly-silicon, or other suitable electrically conductive material using
electrolyticlsiating, celédtvole S5 plating processt bi othek suitableahethl depesiton processhs form

CondUCﬂﬂ%Q§§@6gnd function of the semiconductor device.

The build-up interconnect structure 188 further
includes an insulating or passivation layer 192 formed between
conductive layers 190 and containing one or more layers of Si0OZ2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 192
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

In FIG. 67j, an electrically conductive bump material
is deposited over build-up interconnect structure 188 and
electrically connected to conductive layer 190 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,
with an optional flux solution. For example, the bump material
can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 190 using a
suitable attachment or bonding process. In one embodiment, the

bump material is reflowed by heating the material above its
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The temporary carrier is removed by chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, UV light, laser scanning, or wet stripping. A bottom-side build-up interconnect
structure 264 is formed over active surface 130 of semiconductor die 124 and encapsulant 260. The
build-up interconnect structure 264 includes an electrically conductive layer 266 formed using a patterning

and metal deposition process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating.
Conducti%é ]a%ﬂé?%%odd?’ltbé Bné OF hoteltayersdf APACd SSRINP AP Ag! Of othel BuitaBIg electrically
conductivg-materal 1One popieihel aondughive layer 266ds glecdiically connected togontact pads 132 of
semiconductor die 124. Another portion of conductive layer 266 is electrically connected to ESD
protectioff f&y/er 146%Hs & W ffipedahde grdunt poit AXGthet portion G cdndliRive Mef 286 is
electricallyecannestesstoi condustive dias262 Kther perions v eonductivedayers266aan be electrically
common or electrically isolated depending on the design and function of the semiconductor device.

The build-Gp fn%gﬁ:%ﬁng&estﬁ}’c}fﬁreoz%& fbg?ﬁé??ﬁgﬁ?(fes & indulating oﬁ'Lbaa%sﬁ/%ﬁo ?a&e?%%dformed
between conductivedayers\266l anc eontaining ohe of meredayers of 5602;15i8N4 SHOM, Fa205, Al203, or
other material gavigg similar insglagn% and structural %roIQerties. Theﬂnsulati'n%ka er 268 is formed using
PVD, vas,%rinﬁrrwlg, swpllﬁ%gétinsg,%pra)}nggétir%l, %Jlfn?erlrlllg f theFmar oxidation. pfucr%l y of bumps 270 is
formed overceonductiee tayer 266. A top-side build-up interconnect structure 272 is formed over

active surface 252 of §§Qic%nod%£%tdg%a§%$ éﬂ%%%cafsglam ggoa;ge gygd-u aigt@eéc%nlnﬁg:t structure

272 includes an electrlcaﬁg/lcon uctive ormed using a patterning and metal deposition process
such as R¥PR, C\le or laser cutting tool 196 into individual
semiconductor devices.

FIG. 7 shows semiconductor device 198 after
singulation. Semiconductor die 124 is electrically connected to
build-up interconnect structure 188 and bumps 194. The active
and passive circuits formed within active surface 130 of
semiconductor die 124 are susceptible to damage from ESD events.
Electrostatic charges can accumulate, for example during removal
of carrier 180 and interface layer 182. The electrostatic
charges must be removed to avoid shortening the life cycle of
semiconductor die 124. Encapsulant film 174 provides ESD
protection for semiconductor die 124 by neutralizing the
electrostatic charges. Encapsulant film 174 provides an ESD
discharge path 200 through conductive layer 190 and bumps 194 to
an external low-impedance ground point to safely discharge the
electrostatic charges and protect semiconductor die 124. The
electrostatic charges migrate toward ESD discharge path 200,
which is lower resistance than a path leading to contact pads
132 and active surface 130. By depositing discontinuous ESD
protection layer 174 over side surfaces 142 and back surface 144
of each semiconductor die 124, a cost effective deposition

process, such as stencil printing, screen printing, spin
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sputtering, electrolytic plating, and electroless plating. Conductive layer 274 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of conductive layer
274 is electrically connected to contact pads 254 of semiconductor die 250. Another portion of conductive
layer 274 is electrically connected to conductive vias 262. Other portions of conductive layer 274 can be
electrically common or electrically isolated depending on the design and function of the semiconductor

device. C°2t1Rfe BHId-dPRitdrRoRneatStutlite 272 fuRtRePificilides an insulating or passivation layer

276 formed between condugtiverayersrdddaand:eentainng one oharedayers of 52, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and structural properties. The insulating layer
276 is forMEd u&hg BV BT CYE prifting, Sspin €6atirtg, Spray E6AtTY, Sintering OF Hefmal GXidation.

FIG. 13 shows aruembodiment, cantinuiag kropukG.de withia plurakity iof viasiisfermed throogh
encapsulant 154 using Laser dr:‘%ing, mechanical grilling, or DRIE. The vias are filled with Al, Cu, Sn, Ni,
AU, Ag, TEWS PO sitCort. B otiét-suithtfe eidcibafly Bondyive marar GiAg Mectryterplating,
electrolessoplating peacessf osathey saitable metabdepasitiary pracess 30 farm eamductive vias 280.

A top-side build-u inﬁerconnect struEture 282 ii f(%rmed qver er]ccapsglant }54. The b%ild-up interconnect
structure 2825hdltides %‘rfllerfgctﬁéaﬁﬁ/ Eonductive faylerrl%Sir%orrﬁeg Lﬁ(s:inlérél51 pa é:r%?negraﬁ(? fretal deposition
process duch as1BVD; tCVIY, Sputtering ] electroliticiptatings and etétirol€sdplatng.nCaonductive layer 284

can be one or mcoor.g%a%ers of Al, Cu, Sn,.Ni A,u, éghgregtpg& sggatélgeerl%catrllc%l iccpar%jyggve material. One

portion of Conduciive Jfa)%’r 2%%% ‘\élecc?r?g:a]ﬂf;/g
In FIG. 8b, a conductive layer 212 is formed over

insulating layer 210, i.e., over side surfaces 142 in the
singulated saw street 126 and back surface 144. 1In one
embodiment, conductive layer 212 can be one or more layers Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 212 is formed using electrolytic
plating, electroless plating process, or other suitable metal
deposition process. In metal form, conductive layer 212 has a
thickness of 0.1 to 2.0 um over back surface 144.
Alternatively, conductive layer 212 can be an electrically
conductive polymer or electrically conductive ink, i.e., polymer
or ink base material with electrically conductive particles,
having a thickness less than 100 um, preferably 20-50 pm. For
example, the conductive polymer can be polyacetylene,
polyphenylenevinylene, polypyrrole, polythiophene, polyaniline,
polyphenylene, or other organic polymer. The conductive polymer
or conductive ink is formed by printing, sputtering, or vapor
deposition over a metal mesh or other intermediate conductive
layer formed over semiconductor die 124. Depending on the
material, conductive layer 212 can also be formed by stencil
printing, screen printing, spin coating, or needle dispensing.

The insulating layer 210 and conductive layer 212 operate as an
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connected to conductive vias 280. Other portions of conductive layer 274 can be electrically common or

electrically isolated depending on the design and function of the semiconductor device.

The

build-up interconnect structure 282 further includes an insulating or passivation layer 286 formed between
conductive layers 284 and containing one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties. The insulating layer 286 is formed using PVD,
CVD, prifitittyy, Bpf-Esdting? sprcoating, SiRteriy SrHhkhaloxidatich: Semiconductor device
288 includes semicondugtaridie 124 coveredby, ESD prateativedayer b4Q and electrically conagcted to
build-up interconnect structures 158 and 282 and bumps 164, Conductive layer 140 provides ESD
protectioR For"&icSRFUABPERTZF. TWS sermitonalittor dedites Y88 4B Stdcke d aid et fEally

connecteditherughrintereennect struatyres 458 and 282sand buaps 164. 1aser YMhiteiore or more

embodimentsloﬁg present invention have been iIIu%trated in egjail the skilled artisan will
d

modificationg'a Aptatidhs (o thode EMbSHments MAy H&'m

& WitHoLt Hepamting Hom?

a}(?preciate that
e scope of

the presentdinventien s set darth Botherfollewingclaiinsy «Claime Vhat is elaimed: covering

side surfaces 142. After singulation, ESD protection layer 210-

212 1s discontinuous between semiconductor die 124 while still

covering side surfaces 142 and back surface 144 of semiconductor

die 124.

In FIG. 8d, a temporary substrate or carrier 220

contains 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 222 is applied over carrier

220 as a double-sided adhesive layer releasable by heat or UV

light.

Semiconductor 124a with ESD protection layer 210-212

is removed from dicing tape 136 and mounted to interface layer

222 over carrier 220 using pick and place operation. Likewise,

semiconductor 124b with ESD protection layer 210-212 is removed

from dicing tape 136 and mounted to interface layer 222, as

shown in FIG. 8e. ESD protection layer 210-212 formed over

semiconductor die 124a is discontinuous, i.e., physically

separated and electrically isolated, from ESD protection layer

210-212 formed over semiconductor die 124b. Semiconductor die

124a and 124b, each with discontinuous ESD protection layer 210-

212, mounted to carrier 220 is referred to as a “reconfigured

wafer.”

In FIG. 8f, an encapsulant or molding compound 226 is

deposited over semiconductor die 124a and 124b and carrier 220
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1. A method of making a semiconductor device, comprising: providing a semiconductor wafer including a
plurality of semiconductor die separated by a saw street; providing a first carrier; mounting the
semiconductor wafer to the first carrier; singulating the semiconductor wafer through the saw street to
expose side surfaces of the semiconductor die; forming an electrostatic discharge (ESD) protection
layer over the semiconductor die and around the exposed side surfaces of the semiconductor die;

singulating’tHe"E SBPtbtectibf tayet t6 ke theE SO Yrbtetion fayer discdnfihdods bBfireen the

semicondueder diedproyiding asecond Capierba ckmeunting thel semicongduetor dieiceveased bydhe
discontinugus ESD protection layer to the second carrier; depositing an encapsulant over the

discontinu6ds ESH proté&ion AYEPESETHY thé R micotfRISH diE AndSIVET the BBENT carrier;

printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 226 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 226 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 8g, temporary carrier 220 and interface layer
222 are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or
wet stripping.

In FIG. 8h, a bottom-side build-up interconnect
structure 228 is formed over active surface 130 of semiconductor
die 124a and 124b and encapsulant 226. The build-up
interconnect structure 228 includes an electrically conductive
layer 230 formed using a patterning and metal deposition process
such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 230 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 230 is
electrically connected to contact pads 132 of semiconductor die
124a and 124b. Another portion of conductive layer 230 is
electrically connected to conductive layer 212 as a low
impedance ground point. Other portions of conductive layer 230
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

The build-up interconnect structure 228 further

includes an insulating or passivation layer 232 formed between
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removing the second carrier; and forming an interconnect structure over the semiconductor die and
encapsulant, the discontinuous ESD protection layer being electrically connected to the interconnect
structure to provide an ESD path. 2. The method of claim 1, further including forming the ESD protection
layer over a back surface of the semiconductor die opposite an active surface of the semiconductor die.
3. The method of claim 1, wherein forming the ESD protection layer includes forming a metal layer over

the semiCSHUUCEITdiE aha@Erbind fife BXSbSEN'Side RiFfdcEL 6 the erhitondy@srdirt 4 1% method of

claim 1, whenein fosming thesE8D, pratertion layerdncludesia t torming annsudatingdayer-over the
semiconductor die and around the exposed side surfaces of the semiconductor die; and forming a metal
|ayerOve}ﬂﬁy&%ﬁkﬁﬁgqg§bﬁtructural properties. The insulating layer 2

is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

In FIG. 8i, an electrically conductive bump material
is deposited over build-up interconnect structure 228 and
electrically connected to conductive layer 230 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,
with an optional flux solution. For example, the bump material
can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 230 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 234. In some
applications, bumps 234 are reflowed a second time to improve
electrical contact to conductive layer 230. The bumps can also
be compression bonded to conductive layer 230. Bumps 234
represent one type of interconnect structure that can be formed
over conductive layer 230. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 124a and 124b are singulated with
saw blade or laser cutting tool 236 into individual
semiconductor devices.

FIG. 9 shows semiconductor device 238 after
singulation. Semiconductor die 124 is electrically connected to
build-up interconnect structure 228 and bumps 234. The active

and passive circuits formed within active surface 130 of
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5. The method of claim 1, wherein forming the ESD protection layer includes forming an encapsulant film,
conductive polymer, or conductive ink over the semiconductor die and around the exposed side surfaces
of the semiconductor die. 6. The method of claim 1, further including: stacking a plurality of
semiconductor die covered by the discontinuous ESD protective layer; and electrically connecting the
stacked semiconductor die. 7. A method of making a semiconductor device, comprising: providing a

semicondFAGARAREF Fidddifld & lafality 6f firf SEmicbdticlo? B afedPBy 5TAWSFEELS -
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charges must be removed to avoid shortening the life cycle of
semiconductor die 124. The insulating layer 210 and conductive
layer 212 provides ESD protection for semiconductor die 124 by
neutralizing the electrostatic charges. Conductive layer 212
provides an ESD discharge path 200 through conductive layer 230
and bumps 234 to an external low-impedance ground point to
safely discharge the electrostatic charges and protect
semiconductor die 124. The electrostatic charges migrate toward
ESD discharge path 240, which is lower resistance than a path
leading to contact pads 132 and active surface 130. By
depositing discontinuous ESD protection layer 210-212 over side
surfaces 142 and back surface 144 of each semiconductor die 124,
a cost effective deposition process, such as stencil printing,
screen printing, spin coating, and needle dispensing, can be
used. In addition, insulating layer 210 and conductive layer
212 act as a shielding layer to suppress electromagnetic
interference (EMI) and radio frequency interference (RFI). The
insulating layer 210 also prevents electrical shorting between
conductive layer 212 and semiconductor die 124.

FIG. 10 shows two side-by-side semiconductor die 124
each with an ESD protective layer 140 mounted to interconnect
structure 158.

FIG. 11 shows two side-by-side semiconductor die 124,
one die with ESD protective layer 140 and one die without ESD
protective layer 140, mounted to interconnect structure 158.

FIG. 12 shows an embodiment, continuing from FIG. 4h,
with semiconductor die 124 covered by ESD protection layer 140

mounted to the temporary carrier. A semiconductor die 250 has
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singulating the ESD protection layer to make the ESD protection layer discontinuous between the first
semiconductor die; depositing an encapsulant over the discontinuous ESD protection layer; and
forming an interconnect structure over the first semiconductor die and encapsulant. 8. The method of
claim 7, wherein the discontinuous ESD protection layer is electrically connected to the interconnect
structure. 9. The method of claim 7, wherein forming the ESD protection layer includes forming a metal

layer ovetthéSEmicontiiEla? e And arditdtheéxpoRea-side Sarfaces dfthe Sthfiddriductor die. 10.
The methaghofglain £awhereir faring ghe ESH, protectiondayerinelldesconductive

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 252 to implement analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 252 may also contain
IPDs, such as inductors, capacitors, and resistors, for RF
signal processing. A plurality of contact pads 254 is formed
over active surface 252. A back surface 256 of semiconductor
die 250 is mounted to ESD protection layer 140 over back surface
144 of semiconductor die 124 with adhesive layer 258.

An encapsulant or molding compound 260 is deposited
over semiconductor die 124 and 250 and the carrier using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 260 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 260 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

A plurality of vias is formed through encapsulant 260
using laser drilling, mechanical drilling, or deep reactive ion
etching (DRIE). The vias are filled with Al, Cu, Sn, Ni, Au,
Ag, Ti, tungsten (W), poly-silicon, or other suitable
electrically conductive material using electrolytic plating,
electroless plating process, or other suitable metal deposition
process to form conductive vias 262.

The temporary carrier is removed by chemical etching,
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forming an insulating layer over the first semiconductor die and around the exposed side surfaces of the
first semiconductor die; and forming a metal layer over the insulating layer. 11. The method of claim 7,
wherein forming the ESD protection layer includes forming an encapsulant film, conductive polymer, or
conductive ink over the semiconductor die and around the exposed side surfaces of the semiconductor
die. 12. The method of claim 7, further including:  stacking a plurality of first semiconductor die

covered By tHE@iSEGHiMuS 23D profétive e rardieledtricafly Bonnédtmgthe stadiked sEmiconductor

die. light, laser scanning, or wet stripping.

A bottom-side build-up interconnect structure 264 is
formed over active surface 130 of semiconductor die 124 and
encapsulant 260. The build-up interconnect structure 264
includes an electrically conductive layer 266 formed using a
patterning and metal deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 266 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 266 is electrically connected to
contact pads 132 of semiconductor die 124. Another portion of
conductive layer 266 is electrically connected to ESD protection
layer 140 as a low impedance ground point. Another portion of
conductive layer 266 1is electrically connected to conductive
vias 262. Other portions of conductive layer 266 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device.

The build-up interconnect structure 264 further
includes an insulating or passivation layer 268 formed between
conductive layers 266 and containing one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al1l203, or other material having similar
insulating and structural properties. The insulating layer 268
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. A plurality of bumps 270 is
formed over conductive layer 266.

A top-side build-up interconnect structure 272 is
formed over active surface 252 of semiconductor die 250 and
encapsulant 260. The build-up interconnect structure 272
includes an electrically conductive layer 274 formed using a

patterning and metal deposition process such as PVD, CVD,
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13. The method of claim 7, further including: providing a second semiconductor die without the
discontinuous ESD protection layer; and mounting the second semiconductor die adjacent to or over
the first semiconductor die covered by the discontinuous ESD protection layer. 14. A method of making a
semiconductor device, comprising: providing a semiconductor wafer including a plurality of first
semiconductor die separated by a saw street; singulating the semiconductor wafer through the saw

street to EXPOUSESidB SurfacEes bf fheirsCsémitbhbdctof Oib; S L S fIrRfinG AR eld@iostdic discharge (ESD)
protection dayen ever thel first semiconddgtop dieand arounsi-theiexposed sidensyrfages afithe first

semiconductor die; singulating the ESD protection layer between the first semiconductor_die; and
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 274 is electrically connected to
contact pads 254 of semiconductor die 250. Another portion of
conductive layer 274 is electrically connected to conductive
vias 262. Other portions of conductive layer 274 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device.

The build-up interconnect structure 272 further
includes an insulating or passivation layer 276 formed between
conductive layers 274 and containing one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. The insulating layer 276
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

FIG. 13 shows an embodiment, continuing from FIG. 5,
with a plurality of vias is formed through encapsulant 154 using
laser drilling, mechanical drilling, or DRIE. The vias are
filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or
other suitable electrically conductive material using
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form conductive vias 280.

A top-side build-up interconnect structure 282 is
formed over encapsulant 154. The build-up interconnect
structure 282 includes an electrically conductive layer 284
formed using a patterning and metal deposition process such as
PVD, CVD, sputtering, electrolytic plating, and electroless
plating. Conductive layer 284 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive

material. One portion of conductive layer 284 is electrically
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depositing an encapsulant over the ESD protection layer after singulating the ESD protection layer. 15.
The method of claim 14, further including forming an interconnect structure over the first semiconductor
die and encapsulant. 16. The method of claim 14, wherein forming the ESD protection layer includes
forming a metal layer over the semiconductor die and around the exposed side surfaces of the
semiconductor die. 17. The method of claim 14, wherein forming the ESD protection layer includes:

forming & RBHIGERY 1dyRr CVBAHE-fIrSE s&mfcontitibror dit-GRd arGiid-freSexpbseaiaSdrfaces of the
first semicgRductor;die: and ferming a-metad layer evemthe ipsulatisgtayerally isolated

depending on the design and function of the semiconductor
device.

The build-up interconnect structure 282 further
includes an insulating or passivation layer 286 formed between
conductive layers 284 and containing one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 286
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

Semiconductor device 288 includes semiconductor die
124 covered by ESD protective layer 140 and electrically
connected to build-up interconnect structures 158 and 282 and
bumps 164. Conductive layer 140 provides ESD protection for
semiconductor die 124. Two semiconductor devices 288 are
stacked and electrically connected through interconnect
structures 158 and 282 and bumps 164.

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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18. The method of claim 14, wherein forming the ESD protection layer includes forming an encapsulant
film, conductive polymer, or conductive ink over the semiconductor die and around the exposed side
surfaces of the semiconductor die. 19. The method of claim 14, further including: stacking a plurality
of first semiconductor die covered by the ESD protective layer; and electrically connecting the stacked
semiconductor die. 20. A method of making a semiconductor device, comprising: providing a plurality of
semiconductor die including exposed side surfaceg?‘aml%rming an electrostatic discharge (ESD)
protection layer over the semiconductor die and around the exposed side surfaces of the semiconductor
die; singulating the E,SDOProtection layer between the semiconductor die to electrically isolate the

semicondUttdr dig; Srigme

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

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

providing a first carrier;

mounting the semiconductor wafer to the first carrier;

singulating the semiconductor wafer through the saw street
to expose side surfaces of the semiconductor die;

forming an electrostatic discharge (ESD) protection layer
over the semiconductor die and around the exposed side surfaces
of the semiconductor die;

singulating the ESD protection layer to make the ESD
protection layer discontinuous between the semiconductor die;

providing a second carrier;

mounting the semiconductor die covered by the discontinuous
ESD protection layer to the second carrier;

depositing an encapsulant over the discontinuous ESD
protection layer covering the semiconductor die and over the
second carrier;

removing the second carrier; and

forming an interconnect structure over the semiconductor
die and encapsulant, the discontinuous ESD protection layer
being electrically connected to the interconnect structure to

provide an ESD path.
2. The method of claim 1, further including forming the ESD

protection layer over a back surface of the semiconductor die

opposite an active surface of the semiconductor die.
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depositing an encapsulant over the electrically isolated semiconductor die. 21. The method of claim 20,
wherein the ESD protection layer includes a metal layer. 22. The method of claim 20, wherein forming
the ESD protection layer includes: forming an insulating layer over the semiconductor die and around
the side surfaces of the semiconductor die; and forming a metal layer over the insulating layer. 23. The
method of claim 20, wherein forming the ESD protection layer includes forming an encapsulant film,

conductive polyie?, Sieddtflictive nkéover the €BATICOHIUEES Hi& AnB o liid tHer égset¥ide surfaces

of the semiganductor digles forming a metal layer over the semiconductor die

and around the exposed side surfaces of the semiconductor die.

4. The method of claim 1, wherein forming the ESD protection
layer includes:

forming an insulating layer over the semiconductor die and
around the exposed side surfaces of the semiconductor die; and

forming a metal layer over the insulating layer.

5. The method of claim 1, wherein forming the ESD protection
layer includes forming an encapsulant film, conductive polymer,
or conductive ink over the semiconductor die and around the

exposed side surfaces of the semiconductor die.

6. The method of claim 1, further including:
stacking a plurality of semiconductor die covered by the
discontinuous ESD protective layer; and

electrically connecting the stacked semiconductor die.

7. A method of making a semiconductor device, comprising:

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

singulating the semiconductor wafer through the saw street
to expose side surfaces of the first semiconductor die;

forming an electrostatic discharge (ESD) protection layer
over the first semiconductor die and around the exposed side
surfaces of the first semiconductor die;

singulating the ESD protection layer to make the ESD
protection layer discontinuous between the first semiconductor

die;
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24. The method of claim 20, further including mounting the electrically isolated semiconductor die to an
interconnect structure. 25. The method of claim 20, further including: stacking a plurality of electrically
isolated semiconductor die covered by the ESD protective layer; and electrically connecting the stacked
semiconductor die.

depositing an encapsulant over the discontinuous ESD
protection layer; and
forming an interconnect structure over the first

semiconductor die and encapsulant.

8. The method of claim 7, wherein the discontinuous ESD
protection layer is electrically connected to the interconnect

structure.

9. The method of claim 7, wherein forming the ESD protection
layer includes forming a metal layer over the semiconductor die

and around the exposed side surfaces of the semiconductor die.

10. The method of claim 7, wherein forming the ESD protection
layer includes:

forming an insulating layer over the first semiconductor
die and around the exposed side surfaces of the first
semiconductor die; and

forming a metal layer over the insulating layer.

11. The method of claim 7, wherein forming the ESD protection
layer includes forming an encapsulant film, conductive polymer,
or conductive ink over the semiconductor die and around the

exposed side surfaces of the semiconductor die.

12. The method of claim 7, further including:
stacking a plurality of first semiconductor die covered by
the discontinuous ESD protective layer; and

electrically connecting the stacked semiconductor die.
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13. The method of claim 7, further including:

providing a second semiconductor die without the
discontinuous ESD protection layer; and

mounting the second semiconductor die adjacent to or over
the first semiconductor die covered by the discontinuous ESD

protection layer.

14. A method of making a semiconductor device, comprising:

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

singulating the semiconductor wafer through the saw street
to expose side surfaces of the first semiconductor die;

forming an electrostatic discharge (ESD) protection layer
over the first semiconductor die and around the exposed side
surfaces of the first semiconductor die;

singulating the ESD protection layer between the first
semiconductor die; and

depositing an encapsulant over the ESD protection layer

after singulating the ESD protection layer.

15. The method of claim 14, further including forming an
interconnect structure over the first semiconductor die and

encapsulant.

16. The method of claim 14, wherein forming the ESD protection
layer includes forming a metal layer over the semiconductor die
and around the exposed side surfaces of the semiconductor die.
17. The method of claim 14, wherein forming the ESD protection

layer includes:
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forming an insulating layer over the first semiconductor
die and around the exposed side surfaces of the first
semiconductor die; and

forming a metal layer over the insulating layer.

18. The method of claim 14, wherein forming the ESD protection
layer includes forming an encapsulant film, conductive polymer,
or conductive ink over the semiconductor die and around the

exposed side surfaces of the semiconductor die.

19. The method of claim 14, further including:
stacking a plurality of first semiconductor die covered by
the ESD protective layer; and

electrically connecting the stacked semiconductor die.

20. A method of making a semiconductor device, comprising:

providing a plurality of semiconductor die including
exposed side surfaces;

forming an electrostatic discharge (ESD) protection layer
over the semiconductor die and around the exposed side surfaces
of the semiconductor die;

singulating the ESD protection layer between the
semiconductor die to electrically isolate the semiconductor die;
and

depositing an encapsulant over the electrically isolated

semiconductor die.

21. The method of claim 20, wherein the ESD protection layer

includes a metal layer.
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22. The method of claim 20, wherein forming the ESD protection
layer includes:

forming an insulating layer over the semiconductor die and
around the side surfaces of the semiconductor die; and

forming a metal layer over the insulating layer.

23. The method of claim 20, wherein forming the ESD protection
layer includes forming an encapsulant film, conductive polymer,
or conductive ink over the semiconductor die and around the

exposed side surfaces of the semiconductor die.

24. The method of claim 20, further including mounting the
electrically isolated semiconductor die to an interconnect

structure.

25. The method of claim 20, further including:
stacking a plurality of electrically isolated semiconductor
die covered by the ESD protective layer; and

electrically connecting the stacked semiconductor die.
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