SEMICONDUCTOR DEVICE AND METHOD OF FORMING INSULATING LAYER DISPOSED OVER
THE SEMICONDUCTOR DIE FOR STRESS RELIEF Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of forming a WLCSP with an insulating layer disposed over the semiconductor die for stress relief.
Background of the Invention

SEMICONDUCTOR DEVICE AND METHOD OF FORMING INSULATING LAYER
DISPOSED OVER THE SEMICONDUCTOR DIE FOR STRESS RELIEF

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a WLCSP with an insulating layer

disposed over the semiconductor die for stress relief.

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 are commonly found in modern electronic products. Semiconductor devices vary
in the number and density of electrical components. Discrete semiconductor devices generally contain
one type of electrical component, e.g., light emitting diode (LED), small signal transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical components. Examples of
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electromagnetic signaI§?Eblrﬁﬂﬂﬂﬁbcél%trgﬁiﬁJu‘é%?te%?ﬁﬁ%%rrﬁin‘@l%lf@ﬁp%eelgétricity, and creating
visual prajeetionsdor televisioadisplays: Semiconduatot fdevices amtaundda the fieldsaf entertainment,

communications,£ovv,er conv%rsion, networks, ;\%m uters, and ¢consumer products. Semll onductor
devices are HIsd fountIf miittary ShpiicatidAs Caniatior AHomotive, SRAISHISY contfoiErs. ahdbffice
equipmeetl ect r on Semieenducior devicestexplait theselettrigat propesties-afrsemicpnductar materials.

The atomic gtr%cture of semiconductor materlalfallovvts |£s %Iectrl(gzgl (é(}ndLﬁ_CtIVIty to be manipulated by the

applicatiocnrofa1 an efectricfield of base carrent or t%rrougeh ?helﬁr%)cess of 80&%8.’ Doping introduces
impurities @t thensSemicondadetor cratedaktiomanipulate ahd controbthecdoneluctivityadfrthersemiconductor

device. com uAiscenallcongluctor d%lcf?‘ gggt@q}gﬁ 8%t|ven%r%% pagsive electnccael gtsruct%%[s. Active

structures, including Ip8|?il’ and teld effect transistor's, control t & flow of electrical current. By varying
levels of dopingresid applidatios of af @factie fleldtorbatevcurrent athe tralnsistdogitiver jpromotes or

resnkﬁsEﬁ?f%%%?&eﬁﬁg@?kgﬁ?%ﬁs?a§$Y%tion, automotive, industrial

controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes

or restricts the flow of electrical current. Passive



structures, including resistors, capacitors, and inductors, create a relationship between voltage and
current necessary to perform a variety of electrical functions. The passive and active structures are
electrically connected to form circuits, which enable the semiconductor device to perform high-speed
calculations and other useful functions. Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end manufacturing, and back-end manufacturing, each
involving Potettiafly ftindredsl osta s FonteAd TnarittRAGARG TivoEs theToHRatiSiof a plurality of die

on the surfaseaf assemicanducionwafeie Each setiganductorngdie isitypicatly identicakard eentains
circuits formed by electrically connecting active and passive components. Back-end manufacturing

involves SMGaftiRg Indidiaiar SerficoRdG&bF diefffornthE finfdhdd waflF aha Hackagingthe die to provide
structurabsippest and envirereentakiselationr The ey dsemiconddctobdied as useddierein, refers to
both the s(iiqli%ﬁr and pjural form of the w%s[ds, and gcco,rdingﬁy can refer to both a single semiconductor

I

device ant ipié ‘%é) foonHuctor Hevites? ct ot “BheGoa Ot REMm SO S &k iTatturing is to

produce smatier semiconductiar deviees.uSmallér devicesi typically consume less power, have higher
performance, and can genproduc d more gfficientl . In addition, sm ller semi%ondtuctor devices have a
. . e d_cong CfLZO]_” ?Vlceg arg &enﬁra ?é manurac, U.Fed . U.S.ll’l%
smaller footprint, which'IS desirable for smaller end products. A 'smalléer semiconductor die Size tan be
achievedthyoimpropémentsainiiie front-end processsesalting i semiconduetoradie with smaller, higher
density active ff\gg: Passiye compone tg(._Beancg-end processes may reglélttlln. semiconductor device

n

packages \?VL&H a smaﬁérnf%btprlnt by?r%proveménr?tg in ei:ec%rlrcarll%'ter%onneét?afnoar\lf IE)gckaging materials.
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. Each semiconductor die is typically
identical and contains circuits formed by electrically
connecting active and passive components. Back-end
manufacturing involves singulating individual semiconductor die
from the finished wafer and packaging the die to provide
structural support and environmental isolation. The term
“semiconductor die” as used herein refers to both the singular
and plural form of the words, and accordingly, can refer to both
a single semiconductor device and multiple semiconductor
devices.

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 semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
die with smaller, higher density active and passive components.

Back—-end processes may result in semiconductor device packages

with a smaller footprint by improvements in electrical



In a conventional fan-out wafer level chip scale package (Fo-WLCSP), a semiconductor die with contact
pads is mounted to a carrier. An encapsulant is deposited over the semiconductor die and carrier. The
carrier is removed and a build-up interconnect structure is formed over the encapsulant and
semiconductor die. The semiconductor die is subject to cracking, warpage, and other damage during
formation, of the interconnect structure. The redistribution Iaiers of the buildup interconnect structure are

prone to &RICRINGAURYRT 'stels 2pArtiRaIaNg Htfifgtempeiatdre: cycling (IC) and temperature cycles on

board (TCOB), which can propagaterthiuginthednsyating; layers ta-theisemicpnductoedie and contact
pads causin%fgaefects. The cracking can propagate into the semiconductor die from the edge and side

walls of thé Gfe e &rackiig Problerh REBRTABH T FRrWLESP hiVing Ulra-dw BRstEctiiE constant (k)

insulatingntayetss Summary-af-thedavention encapsAneet exista dercsiressaetiefavhemérming a buildup
interconnect structgre in a WLCSP tg avoid cracking%ﬁ/arpage, and other dama%e to the semiconductor

die. Accordifigly? IS 8mBbtimaRE ti& present invention & & hidthdd of Mkking'a 3afhionductor device
comprising:thiedsteps of providing @csersicondtctoewater thavingia pluralityrof seniegrductortdie, forming
a first conductive layer oyer a srun:?ce of t?r%gemico.nducéﬂg dg%,rfognii@[]g.a first kijnsulactingolayer over the

. n Semlcon CLO S sSemico S Su C
SemICOf'IC?UC or wafler an th‘St COﬂdJUCﬁVG ayer, smglﬁaﬁng e semlconauctor w%\?er to separate the

semiconductokdiegprovidipg acaraer nuountingdhe semiconductordie te thieocarvér, tepositing an

encapsulapt over e sepmisonductor die angcariet, femoving,the cairier, and Jorming apptegconnect
structure over the semiconductor die and encapsulant. e Interconnect structure Is electrically connected

to the firsmomda@tweday@rcandsmezﬁrsuhn@utaltiﬂg@ayerqorbvideg @ulgsgge[ierﬁ@ﬁnng foresation of _the
interconnact SUUELE: 1, . I anelhgtembediment dhe presest invaniopds adngthog of making a

semiconductor device comprising the steps of providing a semiconductor die, forming a first conductive
layer ovet askafacerofitee sémicsieictorvdid, formimgy @ firse atsulatingliagedbverithe semiconductor die

and first gonductive Layer, depositing an-encapsulank Quer the semiconducior die, apd farming an

interconnect structure over the semiconductor die and encapsulant. The interconnect structure is

electricaljPeohegtetPiorthb Sirst cOrRIueHvE fal/e? afid th@ TirRt stiiating Yage-provides stress relief during
formations@f thedntercamnec SUUGUES, the edge and side walls of the die. The

cracking problem is common in Fo-WLCSP having ultra-low

dielectric constant (k) insulating layers.
Summary of the Invention

A need exists for stress relief when forming a build-
up interconnect structure in a WLCSP to avoid cracking, warpage,
and other damage to the 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,
forming a first conductive layer over a surface of the
semiconductor die, forming a first insulating layer over the
semiconductor wafer and first conductive layer, singulating the
semiconductor wafer to separate the semiconductor die, providing

a carrier, mounting the semiconductor die to the carrier,



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor die, forming a first conductive layer over a surface of the
semiconductor die, depositing an encapsulant over the semiconductor die, forming a first insulating layer
over the semiconductor die and first conductive Layer, and forming an interconnect structure over the

semiconductor die and encapsulant. The interconnect structure is electrically connected to the first
conductivRYEr Ard theé first iHstRtingAa e Providel Strete temiHifingForhm&tiGH6f the interconnect

structurecarrierln aretber embedinentr-the-presentinyentiomis asemicondyeton gievice comprising a
semiconductor die and first conductive layer formed over a surface of the semiconductor die. An

encapsuldhf K deposited Dver fHe SSRtOREASGF Bfe. Alfistultingtayeras formed Gver the
semiconducterdierangdirskeanductive layercAn dterconnegt stsuciureciosmed avee thei semiconductor die
and encapsulant. The interconnect structure is electrlcallx connected to the first C%nductlve Iaéer and the

first insulsfing 1Hyet provides stréSE relibf durig forration B the intéreohnB8& StructiireS BFigf Description
of the Drawingsf dur irldGE drithustiates afprirted circuitboandsPCB)twitlr diffesent types of packages
moumEdtonSSUﬁace&n another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first conductive layer
over a surface of the semiconductor die, forming a first
insulating layer over the semiconductor die and first conductive
layer, depositing an encapsulant over the semiconductor die, and
forming an interconnect structure over the semiconductor die and
encapsulant. The interconnect structure is electrically
connected to the first conductive layer and the first insulating
layer provides stress relief during formation of the
interconnect structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first conductive layer
over a surface of the semiconductor die, depositing an
encapsulant over the semiconductor die, forming a first
insulating layer over the semiconductor die and first conductive
layer, and forming an interconnect structure over the
semiconductor die and encapsulant. The interconnect structure
is electrically connected to the first conductive layer and the
first insulating layer provides stress relief during formation
of the interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first

conductive layer formed over a surface of the semiconductor die.



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-3f illustrate a semiconductor wafer with a plurality of semiconductor die separated by saw
streets; FIGs. 4a-4h illustrate a process of forming a WLCSP with an insulating layer disposed over the
semiconductor die for

An encapsulant is deposited over the semiconductor die. A first
insulating layer is formed over the semiconductor die and first
conductive layer. An interconnect structure formed over the
semiconductor die and encapsulant. The interconnect structure
is electrically connected to the first conductive layer and the
first insulating layer provides stress relief during formation

of the interconnect structure.

Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3f illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4h illustrate a process of forming a WLCSP
with an insulating layer disposed over the semiconductor die for
stress relief;

FIG. 5 illustrates the Fo-WLCSP according to FIGs. 4a-
4h with an insulating layer disposed over the semiconductor die
for stress relief;

FIG. 6 illustrates the Fo-WLCSP according to FIG. 3e
with an insulating layer disposed over the semiconductor die for
stress relief;

FIGs. 7a-7g illustrate another process of forming a
WLCSP with an insulating layer disposed over the semiconductor
die for stress relief;

FIG. 8 illustrates the Fo-WLCSP according to FIGs. 7a-
79 with an insulating layer disposed over the semiconductor die

for stress relief;



stress relief; FIG. 5 illustrates the Fo-WLCSP according to FIGs. 4a-4h with an insulating layer
disposed over the semiconductor die for stress relief; FIG. 6 illustrates the Fo-WLCSP according
to FIG. 3e with an insulating layer disposed over the semiconductor die for stress relief; FIGs.
7a-7g illustrate another process of forming a WLCSP with an insulating layer disposed over the
semiconductor die for stress relief; FIG. 8 illustrates the Fo-WLCSP accordin% Eoc EELGS' 7a-7g with

an insulating layer disgos&d ovef e serhicohbtielo? die Ror 3tess r@ferforming a

with multiple insulating layers disposed over the semiconductor
die for stress relief;

FIG. 10 illustrates the Fo-WLCSP according to FIGs.
9a-9g with an insulating layer disposed over the semiconductor
die for stress relief;

FIG. 11 illustrates the Fo-WLCSP with two
semiconductor die each with an insulating layer disposed over
the semiconductor die for stress relief;

FIGs. 12a-121 illustrate a process of forming a WLCSP
with an insulating layer disposed over the semiconductor die and
into a channel formed in the die for stress relief;

FIG. 13 illustrates the Fo-WLCSP according to FIGs.
12a-121 with an insulating layer disposed over the semiconductor
die and into a channel formed in the die for stress relief;

FIGs. 1l4a-14k illustrate another process of forming a
WLCSP with an insulating layer disposed over the die and
encapsulant and into a channel formed in the die;

FIG. 15 illustrates the Fo-WLCSP according to FIGs.
14a-14k with an insulating layer disposed over the die and
encapsulant and into a channel formed in the die;

FIGs. l1l6a-16d illustrate a process of forming a WLCSP
with an insulating layer disposed over the die and encapsulant
and into channels formed in the die and encapsulant;

FIG. 17 illustrates the Fo-WLCSP according to FIGs.
l6a-16d with an insulating layer disposed over the semiconductor
die and encapsulant and into a channel formed in the die;

FIGs. 18a-187j illustrate a process of forming a WLCSP
with an insulating layer disposed over the die and encapsulant
and into a channel formed in the encapsulant; and

FIG. 19 illustrates the Fo-WLCSP according to FIGs.



FIGs. 9a-9g lllustrate a process of forming a WLCSP with multiple insulating layers disposed over the
semiconductor die for stress relief; FIG. 10 illustrates the Fo-WLCSP according to FIGs. 9a-99g
with an insulating layer disposed over the semiconductor die for stress relief; FIG. 11 illustrates
the Fo-WLCSP with two semiconductor die each with an insulating layer disposed over the semiconductor
die for stress relief; FIGs. 12a-121 lllustrate a process of forming a WLCSP with an insulating

layer disposedSier e Bemicoryftictst did dnd it a EHamt fotntethin the Qe & tRsds relief;

FIG. 13 ilustrates thenko-WMUC SRraccording 4o £1Gs ok2asd 21 withhan insulatinglayer disposed over the
semiconductor die and into a channel formed in the die for stress relief;

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
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.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and

planarization. Doping introduces impurities into the



FIGs. 14a-14k lllustrate another process of forming a WLCSP with an insulating layer disposed over the
die and encapsulant and into a channel formed in the die; FIG. 15 illustrates the Fo-WLCSP
according to FIGs. 14a-14k with an insulating layer disposed over the die and encapsulant and into a
channel formed in the die; FIGs. 16a-16d lllustrate a process of forming a WLCSP with an
insulating layer disposed over the die and encapsulant and into channels formed in the die and

encapsulaftt condugher 173Rtratds the EGWECSPScoltifig 36 FIGE. 164R216d With'&finsblating

layer dispaseeheverdhe seglicanductordig ape encapsapkantd e achannel tormed:in tha die;
FIGs. 18a-18] lllustrate a process of forming a WLCSP with_an insulating layer disposed over the die and

encapsulaRPanE it Hehathel fied A & @hclpdfanE andn active devices,

transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light. In
one embodiment, the portion of the photoresist pattern subjected
to light is removed using a solvent, exposing portions of the
underlying layer to be patterned. 1In another embodiment, the
portion of the photoresist pattern not subjected to light, the
negative photoresist, is removed using a solvent, exposing
portions of the underlying layer to be patterned. The remainder
of the photoresist is removed, leaving behind a patterned layer.

Alternatively, some types of materials are patterned by directly



FIG. 19 illustrates the Fo-WLCSP according to FIGs. 18a-18j with an insulating layer disposed over the
die and encapsulant and into a channel formed in the encapsulant. Detailed Description of the Drawings
The present invention is described in one or more embodiments in the following description with reference
to the figures, in which like numerals represent the same or similar elements. While the invention is
described in terms of the best mode for achieving the invention's objectives, it will be appreciated by
those skiflé fietheldiP tHat &t iE#iteRdéd to-Edveraeridties, Modiifcationd Hitregtivalénts as may be
included whthini thesspiritand scope/eftbe iRventiopas defiteddactheiappendedalaims and their
equivalents as supported by the following disclosure and drawings. Semiconductor devices are
generallyer%gﬁﬁfé%ﬁﬁéﬁ WETHY o Edrhpiek manirhétuting processes: front-end manufacturing and
back-end manufacturings Frert-endymagutactunings involesthe fermatipn.of iacplurality obdie arrthe
surface of a semiconductor wafer, Each die on the wafer contains active and passive electrical
components Wifith are Si%%tr?c%ll§ﬁ%nﬁs&é8?8?&% ?ﬁc‘ﬁ%fggfelégﬁiggfﬁrc 5. Active Slectrical
componems; tstich aasdransistors-ana dindles  bavevthesabilityrto lsontrehitreftovn efi @lgctrical current.
Passive electrical, components, such as capacitors, inductors, resistors, and transformers, create a
relationsh BEtIoeh SONAEE XA F eAk R Cesary 15 SoORH Rl Sholit kLo o os t
photography and stenciling, and microlithography.

Photolithography includes forming a pattern in reticles or a
photomask and transferring the pattern into the surface layers
of the semiconductor wafer. Photolithography forms the
horizontal dimensions of active and passive components on the
surface of the semiconductor wafer in a two-step process.
First, the pattern on the reticle or masks is transferred into a
layer of photoresist. Photoresist is a light-sensitive material
that undergoes changes in structure and properties when exposed
to light. The process of changing the structure and properties
of the photoresist occurs as either negative—-acting photoresist
or positive—-acting photoresist. Second, the photoresist layer
is transferred into the wafer surface. The transfer occurs when
etching removes the portion of the top layers of semiconductor
wafer not covered by the photoresist. The chemistry of
photoresists is such that the photoresist remains substantially
intact and resists removal by chemical etching solutions while
the portion of the top layers of the semiconductor wafer not
covered by the photoresist is removed. The process of forming,
exposing, and removing the photoresist, as well as the process
of removing a portion of the semiconductor wafer can be modified
according to the particular resist used and the desired results.
In negative—-acting photoresists, photoresist is

exposed to light and is changed from a soluble condition to an

-10-



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

the semicdhfittdtfaterRfeonduttivity fh RISPERSE t& 3R Bledric ROV Pase durisht. Trahsistors

contain regions &f varingtypes andidegiees efideping @rtanged asdqrcassanotoenable thestransistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.
Active and 53> COhEENEME aré toPRTE by fHyRrs of natetials Wit HiffereRt erttridat properties. The
layers canthenformed y-a varietyof leposition dechniquessdetesmingekingarie the type of material
being de%% ited. For example, thin film depaosition c%aﬂqgﬂr;volve chemical vapor de;g sition (CVD), physical

vapor depGsition (BYDY dectrSIFHe Siatidg "aiTd &R Bsiating procéssés. EachTayer is generally

patternecbtarfotmrportions ekactivescampdrierits,) passive corapanerits sorleleatrisabeonnections between
componegtsv.e The Iaggrss %ar}ll%ti ga&tgrnceﬁj] usin% Jphgtoiithoﬁqfra%lyai which involves O{Qe tdeposition

of light senesmvleol%%fesria ,eég., photoresist, over e f%(fler fo be |a3¥1 &rned” A ﬁé:ﬁferrﬁ S transterréd from a

photomaskto thesphatorasist eismgolighthie oreetembedimeéntmthekportios of thwe plotoresistpattern

subjectedl%o hi:%het iséremO\éed using a solventa%%%sigg g?étg%:n—sf‘)fetﬁ%l underlying layer to be patterned. In

another embodlmen%at e porrt?gnlmp t%elpﬁwo%ore&st pattern not sulbjectea] © ight, the negative photoresist,
is removed using a solentp expdsing paftionsofithe tnderdying dayerito berpattesned.sThe remainder of

the photaresist is removed, leaving behind a attemed layer. Altaratively, some types,of materials are

patterned by directly depositing the material into the areas or voids formed by a previous deposition/etch
process Gsing idchmiques suchhagneleetrslessiahd aleagciytieplatinga process known as

photosolubilization. In photosolubilization, the relatively
insoluble resist is exposed to the proper light energy and is
converted to a more soluble state. The photosolubilized part of
the resist can be removed by a solvent in the development
process. The basic positive photoresist polymer is the phenol-
formaldehyde polymer, also called the phenol-formaldehyde
novolak resin. Removing the soluble portions (i.e., the
portions exposed to light) with chemical solvents or developers
leaves a hole in the resist layer that corresponds to the
transparent pattern on the reticle. A mask whose pattern exists
in the transparent regions is called a dark-field mask.

After removal of the top portion of the semiconductor
wafer not covered by the photoresist, the remainder of the
photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a
previous deposition/etch process using techniques such as
electroless and electrolytic plating.

Depositing a thin film of material over an existing

-11-



Patterning is the basic operation by which portions of the top layers on the semiconductor wafer surface
are removed. Portions of the semiconductor wafer can be removed using photolithography,
photomasking, masking, oxide or metal removal, photography and stenciling, and microlithography.
Photolithography includes forming a pattern in reticles or a photomask and transferring the pattern into
the surface layers of the semiconductor wafer. Photolithography forms the horizontal dimensions of active

and passRAE-EGRPofénts BRARESUTfate tof the BEmicontliBtor Wafer i &RFo-StepPdrocess First, the
pattern on:the seticle, oF masks is-transferred intoia ker ¢f phatoresists Phetoresistis a ight-sepsitive
material that undergoes changes in structure and properties when exposed to light. The process of
changingth8 Sttt Hht PropBiidd B thé phoforEsiBEGETs 38 bither ABJafESadify photoresist or
positive-actingqhateresist FSecond; the pbetoresistdayerds dransfereachinto therwafes surface. The
transfer occurs when etching removes the portion oféhe top layers_of semicgnductor wafer not covered by
the photdrB8ist The-entiiry &F pRGTEsISiTs BUeh it the BoIoEULtrentains SUbSARTAIY ntact and
resists reriovah by chemical etching selutions sthileghe portian-dfthe top layess wh thersemiconductor

wafer not C%str%d bé thg31 ghoto[{%sisﬁ?is removed. Ige_%qcess Opf forming,.ex osriln and.removing the

1 aprasive ma COXrro A% C ical,are s
photores%?, as well as the process of removing a portion of the seémiconductor warer can bé modified

according.tolthe partichlar resistausedend-the desired résulisig polidhiegativé-acting photoresists,

photoresist s exposed o gt and is.changed froma saluble conditon fo an. Insoluble copdiion in a
process known as polymerization. In polymerization, unpolymerized material is exposed to a light or

energy sodrcelandapaiyrmers. forene erossainkedmateviabthat isoetghapsigtant iaumostsegative resists,

the polyr%%ris@(g%gp{yisfqpa(gmggrE&ggéo.ving the soluble portions (i.e., the portions not exposed to light)
with chemical solvents or developers leaves a hole in the resist layer that corresponds to the opaque

pattern on the reticle. B atdskankoseapatierataxists ih trefepaguecregivrisiis ¢alled a clear-field mask.

singulating the finished wafer into the individual semiconductor
die and then packaging the semiconductor die for structural
support and environmental isolation. To singulate the
semiconductor 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 semiconductor 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
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip

carrier substrate or printed circuit board (PCB) 52 with a
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In positive-acting photoresists, photoresist is exposed to light and is changed from relatively nonsoluble
condition to much more soluble condition in a process known as photosolubilization. In
photosolubilization, the relatively Insoluble resist is exposed to the proper light energy and is converted to
a more soluble state. The photosolubilized part of the resist can be removed by a solvent in the
development process. The basic positive photoresist polymer is the phenol-formaldehyde polymer, also

called thé pHERIbrmAleR§ae RBVEIAK reSinPRERRIAT the SuiGhle Portidrs G.8% A& portions exposed
to light) withecharsicatselvents or sievelopers-eavesa hofesindhe sesistlayaihiab sopaspengs, to the
transparent pattern on the reticle. A mask whose pattern exists in the transparent regions is called a
dark-field a8k P 1€ AXESRntdvaP P tHe Y0P Bortion BRfHEASEicoHGa&aB wWaferHot tofered by the
photoresisphihe camatder of the phatoeasisids tepeved,deawng behing-a patteenac:lgyer. Atternatively,
some types of materials are patterned by directly depasiting the material into the areas or voids formed by
a previoud t&Bbsitidnieteh pif())c%e%g GG RthiqUes suchHs d16¢ttBiess and electrolytic plating.
Depositing a thin film of neateralrcver @avexisting) patierroears exaggeratel thecundeslying pattern and

create a non-unjcfgrmlg flat surfgce. A unifomP(I flat s%rface isfreguired to groduce smaller and more
U.S?(S ? emacon uctor acC geﬁ O E)etr orm 81’18 a more .
densely packed active and passive components. Planarization can be used to reémove material from the

surface of tkewaferandtproduce msunifokmbyeftatsuifacey Planbeizatiom invotkes ipotishingthe surface of

the Waferbwnh a so%lghh?% Ooadﬁ @no%braas ve material and corro lve chemlceileare afiggg rtg I'%q% surface of

the wafer gur?ng blolls?ﬂn e combine %:g(ﬁwran?gaﬁ%ecﬁo'n of the abrasive dnd corrosive action of the
chemicaldemoves ahydregilar topograpghy resulfing arapniformlydlat sarfade.digital

assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. Miniaturization and
weight reduction are essential for these products to be accepted
by the market. The distance between semiconductor devices must
be decreased to achieve higher density.

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

and ground connections to each of the semiconductor packages.
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Back-end manufacturing refers to cutting or singulating the finished wafer into the individual
semiconductor die and then packaging the semiconductor die for structural support and environmental
isolation. To singulate the semiconductor die, the wafer is scored and broken along nonfunctional 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 semiconductor die are mounted to a package substrate that includes pins

or contact pads for intetBormEtgioR it other systetn E6MpOREATSCEBRtHEE pads foifted-#er the

semicongliciardie age thercenneated ta cortaet padswithinthe package.cthe glgstrical connections can

be made with solder bumps, stud bumps, conductive paste, or wirebonds, An encapsulant or other

molding MatetH < degosittibver e package'torblidl Py sicaf sGport 8RE eiectrical isolétion. The

finished packageds themniinserted into an.electdealhsystemnandthefupationalityefithe semiconductor

device is ma%e availaple to th§ o?tger system FIG. 1 illustrates electronjc device 50
0

ts.,
naving & BRIF GAHIGF SUBSHATE oF BRAted Grobithoard ToEE) &2 Wi 4° HAFAIR of SémicohHElor
packages motied 0B its stiface hElectrohicddemice: 50 can have onedype of samicanduetor package, or

multiple ggg S oagergictokrl]gucf‘t{)r pac a%ée% de gﬂging on the a é)liggtéo%i'léheigifferent types of

semicondUuctar pac‘f<ages are shown i T or p@rp%geg of fllustration. Electronic device 50 can

be a standealbne systehy thatdises ¢lve semicohy untorpaekages tocperforno oné or hidre electrical
functions. AIternativerFggfeCErQQic device 50 ¢ nlbfl%ggébr%otm onent of a Igﬁgeé%yster%fl:or example,

electronic device 50 can be part o?%r(?e(fla?arop one, persona irél'talsgsvs?srtant (PDA S digital video camera

(DVC), of othet electohicecrmuhitationrdelicel Adtehvativel efectronkadeviéé 501tdn be a graphics
card, netwotk,Intarface;card, or athey sianal progessing card that ganbe Inserted intp g gamputer. The
semiconductor package can Include microprocessors, memories, application specific integrated circuits
(ASIC), lodic efregits] ahalsylcircuiisa R ¢Incuits cdiserate devités coristhersavicoRdactor die or electrical

components, Mipjaturization;and weighy reduction.aye gssential far,these brodiass tq be acgepted by the
market. The distance between semiconductor devices must be decreased to achieve higher density.
grid array (LGA) 66, multi-chip module (MCM) 68, guad flat non-
leaded package (QFN) 70, and quad flat package 72, are shown
mounted on PCB 52. Depending upon the system requirements, any
combination of semiconductor packages, configured with any
combination of first and second level packaging styles, as well
as other electronic components, can be connected to PCB 52. In
some embodiments, electronic device 50 includes a single
attached semiconductor package, while other embodiments call for
multiple interconnected packages. By combining one or more
semiconductor packages over a single substrate, manufacturers
can incorporate pre-made components into electronic devices and
systems. Because the semiconductor packages include
sophisticated functionality, electronic devices can be
manufactured using less expensive components and a streamlined
manufacturing process. The resulting devices are less likely to
fail and less expensive to manufacture resulting in a lower cost
for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
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In FIG. 1, PCB 52 provides a general substrate for structural support and electrical Interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor packages, mounted components, and other external system components. Traces 54

also providé’povér and grodri-Eshniettibns fo 85 of tHefsémicoAdudtor padicages. FCB 22 1n some
embodimesis. semicepductor device hastwepackagingilevels chirstlevel pagkaging is adeehnique for
mechanically and_ electrically attaching the semiconductor die to an intermediate carrier. Second level
packaginginfoided fhechahicaly nd Bidcticallyatathirt the ihtelmedris cahied 36 Yife PCB. In other
embodimeats, e=semiconductor devite yeay pnlyrhave tbe dicsidevel pagkagingavhere the dietis
mechanically and electrically mounted directly to the PCB. For the purpose of illustration, several
types of fREIeVBrpackagie: INCIGdinG BoniWird BRERAGE S ShATIGKHI 56 4 sHowrl 6n PCB 52
Additionadlyeseveraktypes of secand leiel packagir, including bal grideareay-(BGA) 68nbump chip
carrier (BlCnCé) 62, dual in-line Féacka e DIP%j 64, land g{ildO%rray (LGéLg , multi-chi modauole MOM) 68,

quad flat nonﬁe%%%dopna%k%e QIL—T\I) an Sqtu%]asﬂat pac éegsé 72,'are showri mounted on PCB 52.

Dependingapen thessysiem requgements; any cohabiration ¢tsemitondactdn patkagest torfigured with
any combination of first and sec nd level ackaging styles, as.well as oq-%er electronic companents, can
be conneAta e S o S e et o, AL mbludes s Sl Sreg
semiconduterpackageondiile other embbedinrehts calf-for asultiplenintenconifetied packaties. By

combiningcqp)e,ortmgre(ggrpi,coggg%@[ p@ﬁlia}glesqg\iec[ qg@gle sybstrate, ergarwj&;turg@dca&igcorporate

pre-made components into électronic devices and systems. Because the semiconductor packages
include sepkristicated fdnctiomaligs efdtronictdevices can be pdamgastardd using lessséipensive

components,and A streamlinedumanufaciyring progess. e reselting:deyices are less likely tg fail and
less expensive to manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show exemplary
semicondtictor/Jackagesunted to an intermediate carrier 78 using a gold-

silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and bond wires 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating semiconductor die 74 or bond wires 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Bond
wires 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a

suitable metal deposition process such as electrolytic plating
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FIG. 2a lllustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74 Includes an active
region containing analog or digital circuits Implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and are electrically Interconnected according to the
electrical design of the die. For example, the circuit can include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within the active region of semiconductor die 74.
Contact PHdsS76 afe Br& BF mvré Taysts of cBRGIGRE MR Soith asAtrfifttmRALS cbpper (Cu), tin
(Sn), nickel ENB 1 geld{Au} 10rsilventAg) - and are slestrically seanecied de the cireuitelements formed
within semiconductor die 74. During assembly of DIP 64, semiconductor die 74 is mounted tg an
intermediaté G&rtier 78'USinG B gofd-siliEbARTtectic 14yér or ddhediveThiferial SQEH S thétffit epoxy or
epoxy resia. tiie package bady ehudestap nsulative packagingnaterial such as polymer or ceramic.
Conductor leads 80 and bond wires 82 provide electrical Interconnect between semiconduyctor die 74 and
PCB 52. Encapsulant 84 isF&er’os?[%d Sver e packagd ol ehvi onrﬁSnf%?BRﬁSgti(%aﬁf pge%?nting
moisture andiparticles froat entesing the package and £ontampinatipg semicontluctor dievd or bond wires
82. ac':zl(é;' Ztr)1 IIIustrzgéecs. fu(gthreé detail oﬂ‘[%C%pZS@Igun%egdo%EgB %2. S%rgicgngggtor die 88 is
mounted’over ¢arfier 90 usmgl &n underfill or epoxy-resin adnesive material 92°Bond wires 94 provide
first levelgpackagingdntérgorrect betweert contaptlpacts186and 98z Maldingdonmipatmd or encapsulant
100 is deposited gver semiconductor. die, 88 and bond wires 94 to pravide physical support and electrical
solation By iha dovie. Con ot Sa0E10h e aftiet Siert Suthon of PEB 52 (dinb h SeHats metal
depositioagrocess sudhras blectroiytit plating oreslectroless plating e prevent oxitatioheCohtaet pads
102 are elegtrically connected to,one pr more conductive signal traces 54 i3 RCB §2, Bumps, 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,
semicondiitteicdie B8sis mewntet ace dews to imermedintiéarriet 2068 With & Hipehip styleifitst level
packaging,.Active region 108,0f semiconductos die B8 contains apalog.ardjgital gircuits implemented as
active devices, passive devices, conductive layers, and dielectric layers formed according to the electrical
design ofthetié I iekansslenhetGreult tapdnélligs ohormer wandistrs diddes, inductors,
capacitors, resistors, agdother ciccuitelementswithin active £egign 108 emiconducterdie 58 is
electrically and mechanically connected to carrier 106 through bumps 110. BGA 60 is electrically

and mechahically ¢orinecteP i PEBBE WA BEALSYR sedRIFEVEI PatRaGHgUSTHHRF birhps 112.
SemicondugtordiesRR-islectricakys cannected ta-cendugtive signal trages 5448 &R 62-through bumps
110, signal lines 114, and bumps 112. A molding comgound or encapsulant 116 is deposited over

a

semicondud@brdie B84 cartiet 10848 providé phySicalstipportidrit eftiieatisbidtion forthe device.
The flipchipsepisgrductor. devicespravides a shpd electdeal cepdyetionpathifiam the active devices on
semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,
lower capHarance SahdFsrove BlePAIF MU petformance h &fdtherEmbidintéhtPthd setfiiconductor
die 58 caprhesmeghasicalhy and lecticallyconnettedditectly do PGB S2using:flipekip styledirst level
packamngfygéL@gﬂggﬁgggg%ggpgglggVice 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 flipchip style first level packaging without

intermediate carrier 106.

FIG. 3a shows a semiconductor wafer 120 with a base

substrate material 122, such as silicon, germanium, gallium
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FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by a non-active, inter-die wafer
area or saw street 126 as described above. Saw street 126 provides cutting areas to singulate
semiconductor wafer 120 into individual semiconductor die 124. FIG. 3b shows a cross-sectional

view of aPotfion 8fserhitohdlctor Warer-£20. EchsemicBRdGabPdRCr24 Ras &bdck stffate 128 and
active sugfappd30 confaipinganeplag,obdigiakcircsigimplemented ais acdivg slevices, passive devices,
conductive layers, and dielectric layers formed within the die and electrically interconnected according to
the electricdiBeSign antffunttion O fifePdie E5Fekdmple’ e Girduitmay IndiGde 9né of Mée transistors,
diodes, and<thercircuit elemests formed vithin activeaudacs,230 t@ implement analog circuits or digital
circuits, such as digital signal processor (DSP), ASIC, memory, or other si navl{j% ocess%qg circuit.
SemiconBASHF die™154 ay MsS ESARIN Mtegratil fassive Havis: HE’E)%%, Ufehs ihdtctors®
capacitorsnand tesistors; dori RErsigneal groceissing 4 . An electrically conductive layer 132 is formed
over active surface 13(} ijgingsPVD CVD, electrolytic pIgtérl%nea{(ictroless glfalting Eg)rgr ess, or gther suitable

metal deposition process. Congucfch}%/%viﬁyéar 132°83n Be one or mo?@lI%Vers of Al Cu, é%l,llNCf, Au, Ag, or

other suitabie. electtically conductivelhdteriak Conduetive tayer d32roperatesat cortact padskelectrically

connected to%he cir léi an active surface 1%0. Coq t pads 132 can be diﬁposed Si e-bjy-si(%e a first
distance from t %eeggegi) semiconductor die f‘2c4e astgs%o%\?nn?%aﬁ%l.%%. %\Illt%rnoa(%iv%ﬁ/, %cl)ﬁtag?pads 132
can be offsetim hutiplerowssuthdhatsa first row oflevntact pads ssdisposetiya fiest,

conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing.

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.
Contact pads 132 can be disposed side-by-side a first distance
from the edge of semiconductor die 124, as shown in FIG. 3b.
Alternatively, contact pads 132 can be offset in multiple rows

such that a first row of contact pads is disposed a first
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distance from the edge of the die, and a second row of contact pads alternating with the first row is
disposed a second distance from the edge of the die. In FIG. 3c, an insulating or dielectric layer
134 is formed over active surface 130 and conductive layer 132 using spin coating, spray coating,
printing, lamination, PVD, CVD, sintering or thermal oxidation. The insulating layer 134 contains one or
more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SION), tantalum pentoxide
(1a205), AlunhiRbfoXideTARZES) HefzotyclbbiteneIBOB) palyithide (1) pBlybenzoxHAds (PBO),
polymer matrix dietastricfilmh @rganis pehanerifilay or ether anatesipblaving sikwitasiasulating and
structural properties. In one embodiment, insulating layer 134 is Si3N4 or SiON. In FIG. 3d, an
insulating'or diRisctid lyRr 136 i?ﬁ)?ﬁle‘afodék?%é%ﬁtmg layer 134 using spin coating, spray coating,
printing, lamination, P\i3, €YD, stteringor thermat exidation.da onecmbedimentinsalating layer 136 is

applied ag a blanket Ia}léer over insulatig%la e&é 4. The insul tint?,layer 136 cogf?igs one or more layers
of Si02, Si3NACSIONCTaZ05, Ai503 " BOES O POy Mtk dlele e e iim: orgshid Bolymer film, or

, Pl i
other matgsiah haviag isimjlarsinsalating andrsiructurahpropertiesanhednsatingetayer @86 js cured. The

insulating layer 136 operates as a stress.relief. layer to reduce cr ckian warpage, qr.other damage to
active sugfefécl){eg 130"ahd" cron%d?llf?:icl\l}lé51 %ray%?( ?Lgﬁgojf %ﬁmicgrrwhdeuc%élrsd%i ﬁq{oqj%%iflgfferqur%nation of the
build-up intercenmect streictureramddor reliabiitypurposes.on garteulds instiating layen 186 has

properties of a.high 'Iﬁ rengt greaterthan 00.MPa at r temperatyre high elongation between
20-150%nalttrgércr!1%te3§%§rat§é, aignl a thicknes nojtzr-ﬁy\é{emigéolrggtgfs p%t.a ar p%%%?( geshows an
embodiméeht dithout insulatingfayer 134, (& Asulatingslayercy36 farntethevetBckve surface 130 and

Cm“ﬂmﬁﬂ%@y§ﬁ}é%f%§¥¢§sggw§benzoxazoles (PBO), polymer matrix

dielectric film, organic polymer film, or other material having
similar insulating and structural properties. In one
embodiment, insulating layer 134 is Si3N4 or SiON.

In FIG. 3d, an insulating or dielectric layer 136 is
formed over insulating layer 134 using spin coating, spray
coating, printing, lamination, PVD, CVD, sintering or thermal
oxidation. In one embodiment, insulating layer 136 is applied
as a blanket layer over insulating layer 134. The insulating
layer 136 contains one or more layers of Si0O2, Si3N4, SiON,
Ta205, Al1l203, BCB, PI, PBO, polymer matrix dielectric film,
organic polymer film, or other material having similar
insulating and structural properties. The insulating layer 136
is cured. The insulating layer 136 operates as a stress relief
layer to reduce cracking, warpage, or other damage to active
surface 130 and conductive layer 132 of semiconductor die 124
during later formation of the build-up interconnect structure
and for reliability purposes. In particular, insulating layer
136 has properties of a high tensile strength greater than 100
MPa at room temperature, high elongation between 20-150% at room

temperature, and a thickness of 2-30 micrometers (um).
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In FIG. 3f, semiconductor wafer 120 is singulated through saw street 126 using a cutting tool 138, such as
a saw blade, water jet, or laser, into individual semiconductor die 124. FIGs. 4a-4h lllustrate, in
relation to FIGs. 1 and 2a-2c, a process of forming a WLCSP with an insulating layer disposed over the
semiconductor die for stress relief. FIG. 4a shows a temporary substrate or carrier 140 containing
sacrificial base material such as silicon, polymer, beryllium oxide, or other suitable low-cost, rigid material

for structural support. Ar firtertSicé /67 of doGBIRASIAEE Bipd' 142 Ri¥orrBa bYaF Eaffiet 140%s a
temporary adhesive bonging:filat engtchzstep layes. Semicanductor die- 124 rogn FiGs3a-3Hare
positioned over and mounted to Interface layer 142 and carrier 140 using a pick and place operation with
active suffate 130 Vtehtetoliard the Carer FId t°shdviid $6miconductor die 124 mounted to carrier
140 to lllustrate a portion of reconfigureskoriresoastituted wates 14420 is slmBlG.24c@n encapsulant
or molding compound 146 is depos'tg over semiconductor die 124 a ggcarrier 40 using a gaste printing,
compressivé PiSiding> fraRster Moldi g fiefuid encapstiant Rofdivy VQ tumlamination: spin’coating, or
other suitabielapplicaterr Encapsuantib4eean be polymeri edripedsitespaterialosuchoas épexy resin with
filler, epo crylate with filler, or polymer with proper filler. Encapsulant 146 is nonconductive and
environmentally protects the semiconductor device from external elements and contaminants. In FIG. 4d,
carrier 140 and Interfa¢e {ayer 4424reillustrate, in relation to FIGs. 1 and 2a-

2c, a process of forming a WLCSP with an insulating layer
disposed over the semiconductor die for stress relief. FIG. 4a
shows a temporary substrate or carrier 140 containing
sacrificial base material such as silicon, polymer, beryllium
oxide, or other suitable low-cost, rigid material for structural
support. An interface layer or double-sided tape 142 is formed
over carrier 140 as a temporary adhesive bonding film or etch-
stop layer. Semiconductor die 124 from FIGs. 3a-3f are
positioned over and mounted to interface layer 142 and carrier
140 using a pick and place operation with active surface 130
oriented toward the carrier. FIG. 4b shows semiconductor die
124 mounted to carrier 140 to illustrate a portion of
reconfigured or reconstituted wafer 144.

In FIG. 4c, an encapsulant or molding compound 146 is
deposited over semiconductor die 124 and carrier 140 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 146 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 146 is non-—
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 4d, carrier 140 and interface layer 142 are
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removed by chemical etching, mechanical peeling, CMP, mechanical grinding, thermal bake, UV light,
laser scanning, or wet stripping to expose insulating layer 136 and encapsulant 146. Encapsulant 146
provides structural support for semiconductor die 124 after removal of carrier 140. A portion of insulating
layers 134 and 136 is removed by an etching process with a patterned photoresist layer (not shown) to
expose conductive layer 132. The etching process also removes a portion of encapsulant 146 to a level

below a SUTHREST iRSUISHTETRl 186 CAs 8HowR R ERS T4F aRS Rdtively, & PbrtioRt ifdtiatihy layers

134 and 436 isiremaqvechy-faser dieet, ablatian (hRA) using laser 448 ta gxpese genductive layer 132.
The insulating layers 134 and 136 remain overlapping conductive layer 132 after etching aor LDA.

In anothe? emBEdiMEnt InSHRATS layers'1 34 Ahd 138V4rE formed RfteFAEFSSiING Bhcapsulant 146 over

semiconducierdia 124+« I thds pass;alpertion:af encapsulaniplAb-is removesto expase astive surface
130 and condtégéi e layer 132. The i sul%tin layers 114 nd 136 are then formed over the exposed active
surface 130T Gorciive TAJ& 132, Aporioh oF ouiaiing ay&re 134 And® 136 RS ferovetFby LDA or
etching ta expase torductive 1ayeril32removed IbflGnde tarhinsylating @ passivatior layer 150 is
formed oyer encapsulant 146 andinsulating layer 136 ysing PVD, CYD, printing, spin,coating, spray
coating, Screen printing or amination. The msul ting layer 150 CONtaINS one O More layers of S102,
SI3N4, SIGNeTa2053,.Al20Bepelymier dielectric ik, erlother materal havingrsimilar mSulating and

structural progl)erst{1 afg\tpclrg%n gf inasuiati\pglla er, 150 is remolf/aegebyo%n %:hlilrlga;grﬂge% with a patterned

. I : ]
photores%?%ﬁ:-r to expose conductive ?ayer 137, Alternative y, a portion o |nsulat|n8 Iafl/\e/re{50, as well
as insulafing layess $B4amdilB86; &re rémoved by ¢ DR tisinglaseral 48 totexposeiconductive layer 132.

insulating layers 134 and 136 is removed by laser direct
ablation (LDA) using laser 148 to expose conductive layer 132.
The insulating layers 134 and 136 remain overlapping conductive
layer 132 after etching or LDA.

In another embodiment, insulating layers 134 and 136
are formed after depositing encapsulant 146 over semiconductor
die 124. 1In this case, a portion of encapsulant 146 is removed
to expose active surface 130 and conductive layer 132. The
insulating layers 134 and 136 are then formed over the exposed
active surface 130 and conductive layer 132. A portion of
insulating layers 134 and 136 is removed by LDA or etching to
expose conductive layer 132.

In FIG. 4e, an insulating or passivation layer 150 is
formed over encapsulant 146 and insulating layer 136 using PVD,
CVD, printing, spin coating, spray coating, screen printing or
lamination. The insulating layer 150 contains one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural
properties. A portion of insulating layer 150 is removed by an
etching process with a patterned photoresist layer to expose

conductive layer 132. Alternatively, a portion of insulating
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In FIG. 4f, an electrically conductive layer 152 is formed over insulating layer 150 and conductive layer
132 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 152 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. A portion of conductive layer 152 extends
horizontally along insulating layer 150 and parallel to active surface 130 of semiconductor die 124 to

laterally re@¥tribute the dfectiicat itérconnBltibidbndtigtive fyer 132 Eonddctiveigy &Sy 6ferates as
a fan-outyedistributiondayer{RL) fastheelestsisaksignalg of seticandpstordie 124. A portion of
conductive layer 152 is electrically connected to conductive layer 132. Other portions of conductive layer
152 are electrically comman'telétrically Bofted d&fending ORIRE thhfiediity of semicSnductor die
124. forte&1G:4g; amigsulating ®r passivaticn layen 164 s formed-oves yasulatyry layend50 and
conductive layer 152 using PVD, CVD, printing, spin cpating, spray coating, screen printing or lamination.
The insuling Ta/er 154'6a b& §He or trdre TAyrs 6 5102, SIaNAT SION 14265, 1364, polymer
dielectricdilmacorothes materalihaying sitilas jnsutatinghand structaral roperties.cdporioniefinsulating

layer 154 is removed bé/ an etc@iing process W't%za %%t;lerggd hotoresist Iaé/eﬁto e>i<pose c%riductive layer
Tati 4 IS remove

152. AItePnra?f\:/%Ff a porﬁcrfr(f1 of Insu n%%ﬁer rb%/ I?IfAH&%an laddr i f)ofexpdse

conductivailayénl15®i, Au, IAFIGodhoahetectuddlylcondective buplmateriahisudeposited over the

exposed co ductivF layer 152 sing an. eyap ration elecr‘trol ticP ing, electroless plating, ball drop, or
screen pﬁ%r?tlgnegrﬁ%céss. te Er:ﬁ% materia cgﬁl %gl&i,@Sn,a %]fb\u %g %E)%%T{%u, solder, and
combinationsithergdf 1 With ahcoptiohabfiua salution.aEerrexbiple nthedzump hedtetial caritbereutectic

Sn/Pb, highslegd soldey, ardeadsiree slder. The hump material js ponded o candugtive,layer 152 using a

suitable attachment or bonding process. In one embodiment, the bump material is reflowed by heating the
material &b6vesits aiettirgpgoihntocfoRarizis for bunyss U956 1h somespgplichtions, Bianps 166 are

reflowed a_second dime to Improve electrical contact to gonduyotive layer 152, BUMps,156 £3p also be

compression bonded to conductive layer 152. Bumps 156 represent one type of Interconnect structure
that can B& formerrévercohdative ayeP 152 STHE fitéitohABctstfuctdre -carfalBeusé Stud® bump, micro

bump, or other glectricah INQICOARECt; s clectrically connected to conductive

layer 132. Other portions of conductive layer 152 are
electrically common or electrically isolated depending on the
connectivity of semiconductor die 124.

In FIG. 4g, an insulating or passivation layer 154 is
formed over insulating layer 150 and conductive layer 152 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. The insulating layer 154 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural
properties. A portion of insulating layer 154 is removed by an
etching process with a patterned photoresist layer to expose
conductive layer 152. Alternatively, a portion of insulating
layer 154 is removed by LDA using laser 148 to expose conductive
layer 152.

In FIG. 4h, an electrically conductive bump material

is deposited over the exposed conductive layer 152 using an
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The combination of insulating layers 150 and 154, conductive layer 152, and bumps 156 constitute a
build-up Interconnect structure 158 formed over semiconductor die 124 and encapsulant 146. Additional
insulating layers and RDIs can be formed in build-up Interconnect structure 158 for interconnection to
semiconductor die 124. The reconstituted wafer 144 is singulated through encapsulant 146 and build-up
Interconnect structure 158 with saw blade or laser cutting tool 159 into individual Fo-WLCSP 160.

FIG. 5 SHOWERGWWILCEP feraftersingdiation.*Semondlcior Bl £54 iseigtticdiy Bbrirected through
build-up ktesepnpectstictiieddsy nchiing sepductivedayenlbdand bumps1156: o0 extesnal devices.
In one embodiment, insulating layer 136 is formed over semiconductor die 124 prior to singulation from
wafer 126°Thé' propertied S in8atifig 1ayer 138° 16 S higP s Shength greater i 260 MPa at room
temperatute; highelopgation between 20-150% at. roam teraperature, anda thickpess ok 2-301pm,
provides stress relief to reduce cracking, wa e, and other damage to the die during the formation of
buslc-up MBS St EhTe T50 MOWHIG MECing 4565 150 arkf 184 B CoRALEe layer 157
FIG. 6 shows oL @SPl62hased b kded3e withontlinstlating layerr1 34 Semicanductor die 124 is
electricallg conne ted %hr%lé%r;nbui]ld-g? irkljterc nnect structure 15 including %)ngctiveclayte{l%& and

bumps 1 6, 10X ernal dévices. tn one erﬁﬁlodﬁﬁ%n?,riﬁgﬁ%ﬁﬁg Iayréri%% iS formed over’semiconductor

die 124 prionto simgalatioh friom waferiz0l The propeities affinsulatieg layer 4B6yice. i high tensile
strength greater than 100tMEg roombtgwgzratur%u% gehl atioe betvg%een 2 -1§O% atroom

Q1n o .Or 6. S a rcations,
temperature, and-a thickness of 2-30' pm, prow8es stress relief fo reduce cracki éj warpage, and other

damage touthesdié dorring ¢he fdrimation of bedldupdintervenrtect stipctuve 158¢iriciudiad insulating layers
15oand%%%@ngogguggﬁaﬁgﬁﬁ%ézlayer 152. Bumps 156 can also be

compression bonded to conductive layer 152. Bumps 156 represent
one type of interconnect structure that can be formed over
conductive layer 152. The interconnect structure can also use
stud bump, micro bump, or other electrical interconnect.

The combination of insulating layers 150 and 154,
conductive layer 152, and bumps 156 constitute a build-up
interconnect structure 158 formed over semiconductor die 124 and
encapsulant 146. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 158 for
interconnection to semiconductor die 124. The reconstituted
wafer 144 is singulated through encapsulant 146 and build-up
interconnect structure 158 with saw blade or laser cutting tool
159 into individual Fo-WLCSP 160.

FIG. 5 shows Fo-WLCSP 160 after singulation.
Semiconductor die 124 is electrically connected through build-up
interconnect structure 158, including conductive layer 152 and
bumps 156, to external devices. In one embodiment, insulating
layer 136 is formed over semiconductor die 124 prior to
singulation from wafer 120. The properties of insulating layer

136, i.e., high tensile strength greater than 100 MPa at room
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FIGs. 7a-7g illustrate, in relation to FIGs. 1 and 2a-2c, another process of forming a WLCSP with an
insulating layer disposed over the semiconductor die for stress relief. Continuing from FIG. 3a, an
insulating or dielectric layer 170 is formed over active surface 130 using spin coating, spray coating,
printing, lamination, PVD, CVD, sintering or thermal oxidation, as shown in FIG. 7a. The insulating layer
170 contains one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, BCB, PI, PBO, polymer matrix
dielectric fiAPBFgENE folyme? Hilfi L 6r6ther ATatdfd Haihg SimilaP fhstifatighd structural properties. In

one embedimant ainsulajing fayes 1701i51513N4 o SION3 A pertion of insutatingdayers1 2@ isiremoved by
an etching process with a patterned photoresist layer to expose active surface 130.

| ) An
electrically cdridtictive HyRr172 s foFTer&ver indilaftiy Gy el 176 AndHetiv8 Surfate 136'Ukhg PVD,
CVD, elettielytie platingo lestroless plating process,caraiher sutable metalideposition1process.

Conductive quer 172 can be one o nore la z%rzof Al, Cu, Sn, Ni, Au,\fg, or O,i? suitable electrically
conductive matétiat"Eondi&ive I&éer fﬁc{ogL rated'Ss EONALE pAdS ovenapping Msulating layer 170 and
electrically connected totthe circait® voa activeisadace d30based ol FIGs .73 @amninsudating or dielectric

layer 176.i§g%rﬂ%q over. insulati[fg J%ayergjo.and ondéjctiv%ia%/e{ZIZZiussin g@i{l ci)géigg spray coating,

" . 1 a o emicon C r.,. S .
printing, Iamlnatlon,rﬁlli Cjﬁﬁ, sintering or therma oxidation. in one embadimen , Insulating layer 176 is

applied aseanblanketlayéroveriinsulating-layei 178 androonductiver layen @2 1Plee insutatingilayer 176

contains ane or more Iaxers of 51%22 S£%|§4 SiONS, [%%05,1_:0&03 BCB, PI, PBO gglymefrgnatrix dielectric

. ﬁCth? aver u%? A O FXterna evit ] Oq%
film, organic polymer ilm, or other material ha ng similar insu ating and structural properties. e

insulatingtelyer 17618 cureds T he_tirislﬂfatlrfgfl%lyeﬁ 386 bpefate_yag aosmecssa%ﬂriefdayémt@tr@duc_:e cracking,
warpage (qr.other, damage to active syHace 130 and,condpctive layer 1£2 of semiconductor die 124

during later formation of the build-upiinterconnect structure. In particular, insulating layer 176 has
properties o alHigh tehslle strenytiP greatér-thah 190 MPass Fsomtteaiperatuse, SHigle elohgation between

20150%T§6°@@5@ﬂ9@%&%@%@%L@P§E@¥E§(Hfﬁﬁoém%ngation between 20-150% at
room temperature, and a thickness of 2-30 um, provides stress
relief to reduce cracking, warpage, and other damage to the die
during the formation of build-up interconnect structure 158,
including insulating layers 150 and 154 and conductive layer
152.

FIGs. 7a-7g illustrate, in relation to FIGs. 1 and 2a-
2c, another process of forming a WLCSP with an insulating layer
disposed over the semiconductor die for stress relief.
Continuing from FIG. 3a, an insulating or dielectric layer 170
is formed over active surface 130 using spin coating, spray
coating, printing, lamination, PVD, CVD, sintering or thermal
oxidation, as shown in FIG. 7a. The insulating layer 170
contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
BCB, PI, PBO, polymer matrix dielectric film, organic polymer
film, or other material having similar insulating and structural
properties. In one embodiment, insulating layer 170 is Si3N4 or
SiON. A portion of insulating layer 170 is removed by an

etching process with a patterned photoresist layer to expose
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Semiconductor wafer 120 is singulated through saw street 126 using a cutting tool 178, such as a saw
blade, water jet, or laser, into individual semiconductor die 124. FIG. 7c shows a temporary
substrate or carrier 180 containing sacrificial base material such as silicon, polymer, beryllium oxide, or
other suitable low-cost, rigid material for structural support. An Interface layer or double-sided tape 182 is
formed over carrier 180 as a temporary adhesive bonding film or etch-stop layer. Semiconductor die 124
from FIGECHa-7B at8’po’fiontd bver and mounted to Interface layer 182 and carrier 180 using a pick and

place operation with acgtivesusface i1301arented towardibe cagder. Semicendustaredie d24r-mounted to
carrier 180 constitute reconfigured wafer 184. In FIG. 7d, an encapsulant or molding compound

186 is depdSited bvErserfitonductdr At 24 5rid Caftdr 180%using a Faste prifing, Cotpressive
molding, &ranster melding, hquid engapsulant melding, yacuumlamipatien; spineoatilgs or other suitable

applicator. Enc ulant 1%? can be polymer composite material, such as e OXY r?s7in with filégr, epoxy
acrylate \ﬁllfﬁﬁﬁ%?rf r Bl er%ﬁﬁwoﬁgotb}é?ﬁllgﬁ capsulant %tﬁéfnecojh%ﬁ%%ve 4Ad eRlirdimentally
protects thecssermiconductongeviee fronextetngl elements, amdigortgminantsther suitable

electrically conductive material. Conductive layer 172 operates

as contact pads overlapping insulating layer 170 and

electrically connected to the circuits on active surface 130.

In FIG. 7b, an insulating or dielectric layer 176 1is
formed over insulating layer 170 and conductive layer 172 using
spin coating, spray coating, printing, lamination, PVD, CVD,
sintering or thermal oxidation. In one embodiment, insulating
layer 176 is applied as a blanket layer over insulating layer
170 and conductive layer 172. The insulating layer 176 contains
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1203, BCB, PI,
PBO, polymer matrix dielectric film, organic polymer film, or
other material having similar insulating and structural
properties. The insulating layer 176 is cured. The insulating
layer 176 operates as a stress relief layer to reduce cracking,
warpage, or other damage to active surface 130 and conductive
layer 172 of semiconductor die 124 during later formation of the
build-up interconnect structure. In particular, insulating
layer 176 has properties of a high tensile strength greater than
100 MPa at room temperature, high elongation between 20-150% at
room temperature, and a thickness of 2-30 um.

Semiconductor wafer 120 is singulated through saw
street 126 using a cutting tool 178, such as a saw blade, water
jet, or laser, into individual semiconductor die 124.

FIG. 7c shows a temporary substrate or carrier 180

containing sacrificial base material such as silicon, polymer,
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In FIG. 7e, carrier 180 and Interface layer 182 are removed by chemical etching, mechanical peeling,
CMP, mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose insulating
layer 176 and encapsulant 186. Encapsulant 186 provides structural support for semiconductor die 124
after removal of carrier 180. A portion of insulating layer 176 is removed by an etching process with a
patterned photoresist layer to expose conductive layer 172. The etching process also removes a portion

of encapSliaKt 1861ty 2TVt befotv 2 'stiffac ot rfslating A4y &Crre. AltePrativedy: A pértion f insulating

layer 176sisremoved bydp sising laser 18 ta-expesercgnductve tayer 1425 The dnsulating layer 176

remains qverlapping conductive layer 172 after etching or LDA. In FIG. 7f, an insulating or passivation

layer 190§ foriBGbVRY Bhcafsuiafnt186; indtifating YR 176 Yartf C6ridictive Payer 1 2 usifly PVD,

CVD, printings spi-eaating] speay .coatingisereen @rinting D& laminatiosmT e msulating1ayer-E90 contains

one or more layers of Si02, Si3N4, SiION, Ta205, Al203, palymer dielectric film, or other material having
Gocon & Htl

similar inSaIating %ﬂﬁdstr?féﬁﬁaf"&%p@ﬁ%%?% (g 18Y&F 190 Ts rafttoved By & etching
process Wity aypattesned phetoresist layerdte exposetconductivenlayer 172, Alternatively,3a portion of

insulating layer 190 is remov df y LDA to.expose conductive layer 172. An electrically conductive
layer 100 ToET oL P Taling Iyt 50 anet ST T & PAird Bl SN it P, VD,
sputteringcelecdtealytli® plating sélecirokess ptatmgiprocess, wor Gthverlsidtable metal deposition process.

Conductive layer 192 can ne or mor layers of A% Cu, Sn, Ni | A, r other s itfil le electrically
conductive material. A p%r'lt%?nedf codn’du%ﬁve acygel? 19 aerg(%er%j (S ﬁ‘grggonrtlg? yga gﬁé’ L|1nns%latk|%ngg |5)S/el‘ 190 and
parallel tolaptive serdace’£30 ofvemivotdatctor dibl $24 ot laterdlly 2edistibuled theueleowical interconnect

to conduglivelaye, 1 (2 COnCUCHYE JaeL A92 qperatesas 3 faaut ROk Jonihe elegtical ggnals of
semiconductor die 124. A portion of conductive layer 197 is electrically connected to conductive layer
172. Othengartiens af tonguctivedayeralOarelelaétriesliyvcomarohnocesladtricdlly isblatéddepending on

theConn%@%@Xﬁ&éeggﬁy¥%§gyfﬁel@ﬁcapsulant 186 can be polymer composite

material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 186 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 7e, carrier 180 and interface layer 182 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose insulating layer 176 and encapsulant 186.
Encapsulant 186 provides structural support for semiconductor
die 124 after removal of carrier 180. A portion of insulating
layer 176 is removed by an etching process with a patterned
photoresist layer to expose conductive layer 172. The etching
process also removes a portion of encapsulant 186 to a level
below a surface of insulating layer 176. Alternatively, a
portion of insulating layer 176 is removed by LDA using laser
188 to expose conductive layer 172. The insulating layer 176
remains overlapping conductive layer 172 after etching or LDA.

In FIG. 7f, an insulating or passivation layer 190 is
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In FIG. 79, an insulating or passivation layer 194 is formed over insulating layer 190 and conductive layer
192 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. The insulating
layer 194 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, polymer dielectric film, or other
material having similar insulating and structural properties. A portion of insulating layer 194 is removed
by an etching process with a patterned photoresist layer to expose conductive layer 192. Alternatively, a

portion of MSURtING Y&fer TY29E $8MdvEd by DA Ie BXpdsE Bordtictive tayer 1924 An electrically
conductive-bumpinateriabisedeposited gvagthevexpased copdustivie pyes 292 usig-amegyaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The bump material can be Al,
Sn, Ni, AGPAGYPECBT ' sGidEF Ghdohbinafiord theEof {ith dh-optiohal itk BoRitioR SFor example,
the bumpleaterial ¢an deneuteatic Sy highyleadisolders oo feaglfree selder.4lhesbomp material is
bonded to cr?n%iuctive Ia)jger 19%éusin a suifble attachment or bondi%%frocess. In cin empodiment, the
bump mat8fialis rétiowed by Restig tis matstial Above S m&lfing boirt t8'forRt balts OFuids 196. In
some applicatibas, humps 496 aye seffowed asecond timestoclmprowe electiicat contach to conductive

ayer . Bump can also ompression banded to conductive layer . Bumps represent
| 192. B nlasc%%? I %@ g [ 28 d tdl.h' I 192. B 196

one typelo?frlljterconrrll C S‘?tYUGCﬁUI‘et a%caﬁ%lg?grme %VeaPCOenCﬁJCﬁ\r/lg| y%?i%isTHé nte?connect

structurecantaiso ese stugtlburap ;i micrbdpmmp,tor athgoelectricabintércornéctyer 172The combination
of msulat}g%gg%ers 1%06§nd 194 conductlveéay.er 19 grilg bum S 192 %nstltute a bunc(lj-ug Interconnect

- Bt 4 R .
structure rme ove?]se%lc%%]aucl:t%? die 124 an enca%sulal\%te 18 ddﬁﬁoﬁaﬁ?ﬁguﬁatlnﬁzlayers and

RDIs canHbe: formetikindstil dagniitercorpedtastreicturé 2198 for interconnection to semiconductor die 124.

The reconstituted wafeﬂr.]_Séllig g_i{py@ﬂ(%@g%@gg@ggul@g%@ 99% bygdﬂprméq{cg%%ct structure

198 with saw blade or laser cutting tool 200 into individual FO-WLCSP 202

insulating layer 190 and conductive layer 172 using patterning
with PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 192 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
A portion of conductive layer 192 extends horizontally along
insulating layer 190 and parallel to active surface 130 of
semiconductor die 124 to laterally redistribute the electrical
interconnect to conductive layer 172. Conductive layer 192
operates as a fan-out RDL for the electrical signals of
semiconductor die 124. A portion of conductive layer 192 is
electrically connected to conductive layer 172. Other portions
of conductive layer 192 are electrically common or electrically
isolated depending on the connectivity of semiconductor die 124.
In FIG. 7g, an insulating or passivation layer 194 is
formed over insulating layer 190 and conductive layer 192 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. The insulating layer 194 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polymer dielectric

film, or other material having similar insulating and structural
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FIG. 8 shows Fo-WLCSP 202 after singulation. Semiconductor die 124 is electrically connected through
build-up Interconnect structure 198, including conductive layer 192 and bumps 196, to external devices.
In one embodiment, insulating layer 176 is formed over semiconductor die 124 prior to singulation from
wafer 120. The properties of insulating layer 176, i.e., high tensile strength greater than 100 MPa at room

temperature, high elongation between 20-150% at room temperature, and a thickness of 2-30 pm,
provides REE8S Féiief fo redudetrhdifg Wardagel ahd btheriddinade fo the digHRIViRg the fGhation of

build-up terconaesitstye 08y inclyding inswatingdayerscld0sand 194 andcongdustive layer 192.
FIGs. 9a-9g lllustrate, in_relation to FIGs. 1 and 2a-2c, a process of forming a WLCSP with multiple
insulating AYRRCisB6sed 87&r the semitohdudordig oy strésLrlibf Contihuilg idmFIRY 3a, an
insulating ek dielectric layer 240istormediover astive sudace $ 30 wstngvepin £gating, spray coating,
printing, lamination, PVD, CYD, sintering or thermal oxidati%n, as shown in FIG. 9a. In one empodiment,

insulating layer 210 is A8plied 44 & bIAMKeY 14ye GUGF Acive Sitade 150, "THe thEUATRG Tayer 210
contains onewor theredayers«af 51023 SE3N4;,SION;,cka205 AlR03 BCB, Rly BB apolymer matrix

dielectric fﬂ_m rganic polymer film, or other material having similar jnsulating and structural properties.
e NSRS Tl Sip e RhAld T BUGEHY et 10 b Hteo e s SHbes FelEt Lyt 1 reuce
cracking,pwanpagegopother damagetto active sudface 130 araincdmeluttive fayer 212 disenmiiconductor die
124 dUIjI Iate%]f(,)rrg%tlo.nsgf tcrllgrbungﬁ%p Icn(gerkg:cl)rr}ll%%ctosérsucg.ﬂrgrIGno@a}rtl%I@ﬁ, |Q§EJ_IQ#@ !jaryaei 210 has
properties of a high tersile strength greater than "MPa at room temperature, high elongation between
20-150%fAtusomcteniperature Fand axaickness off30pnp. material can be eutectic

Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 192 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
balls or bumps 196. In some applications, bumps 196 are
reflowed a second time to improve electrical contact to
conductive layer 192. Bumps 196 can also be compression bonded
to conductive layer 192. Bumps 196 represent one type of
interconnect structure that can be formed over conductive layer
192. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The combination of insulating layers 190 and 194,
conductive layer 192, and bumps 196 constitute a build-up
interconnect structure 198 formed over semiconductor die 124 and
encapsulant 186. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 198 for
interconnection to semiconductor die 124. The reconstituted
wafer 184 is singulated through encapsulant 186 and build-up
interconnect structure 198 with saw blade or laser cutting tool
200 into individual Fo-WLCSP 202.

FIG. 8 shows Fo-WLCSP 202 after singulation.
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An electrically conductive layer 212 is formed over insulating layer 210 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 212 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 212 operates as contact pads electrically connected to the circuits on active surface
130. In FIG. 9b, an msulatln%rn or dielectric layer 216 is formed over insulating layer 210 and

t

conductivieRYEPB I3 S5 MG Shiff coating: SpFay Eoating: bHRtiAG TARFTAbNT PV I8V BUSinterity or

thermal oxigationo ihene epthagiment insudgtingnlayerd 16 isappliedras a blanket layep owgrinsulating
layer 210 and conductive layer 212. The insulating layer 216 contains one or more Ia)ﬁnars of 5i02, Si3N4,

SION, Ta20BPAI20% BCE, B PBO Holyiidr fratrix ditlectiCHIRTSIgamMe Polym&SHint of dther material
having similae insutedingsantbstidciual propasties ceuinsulatiag dayex £16rs edreds The insulating layer
216 operates aiia gecon%stress relief Ia to re%e crackln warpage, or owﬁ r dam e to active
surface 13b"aht Condtittivé Ay ef 212" of icondUictsr f8 12 l(?lfrlnggafer}% &tidifo ‘?nt\éetﬁuld -up
interconnett structare. |h partictiars thsellatmgelaygeﬂﬁlﬁrlea&pmnemes afo@ higheteasile-stsength greater
than 100 MPa at r%or?ée er tu[e i %Iongag?on betweei"loZQéL p% t room temperature and a
thickness ofnf%ﬁ .o emlcon Gctor water Tf(? IS singula ed rougqh saw street 126 using a
cutting tooempemmmm asaw bladée,watee jet, orflager% Ontomndivideal Semicondactor diel 124.

FIG. 9c s%ows a temep rary. ]gubstrate or carrier 220 nlng acr|f|C|aJC18a%%éna elrialceuch as silicon,

urin
polymer, er)ﬁllum oxmfe or othet’suitable low. cost rlgla materla[nf%? °
the formation of build-up interconnect structure 198, including

insulating layers 190 and 194 and conductive layer 192.

FIGs. 9a-9g illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a WLCSP with multiple insulating layers
disposed over the semiconductor die for stress relief.
Continuing from FIG. 3a, an insulating or dielectric layer 210
is formed over active surface 130 using spin coating, spray
coating, printing, lamination, PVD, CVD, sintering or thermal
oxidation, as shown in FIG. 9a. In one embodiment, insulating
layer 210 is applied as a blanket layer over active surface 130.
The insulating layer 210 contains one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1203, BCB, PI, PBO, polymer matrix
dielectric film, organic polymer film, or other material having
similar insulating and structural properties. The insulating
layer 210 is cured. The insulating layer 210 operates as a
first stress relief layer to reduce cracking, warpage, or other
damage to active surface 130 and conductive layer 212 of
semiconductor die 124 during later formation of the build-up
interconnect structure. In particular, insulating layer 210 has
properties of a high tensile strength greater than 100 MPa at
room temperature, high elongation between 20-150% at room

temperature, and a thickness of 2-30 um.
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structural support. An Interface layer or double-sided tape 222 is formed over carrier 220 as a temporary
adhesive bonding film or etch-stop layer. Semiconductor die 124 from FIGs. 9a-9b are positioned over
and mounted to Interface layer 222 and carrier 220 using a pick and place operation with active surface
130 oriented toward the carrier. Semiconductor die 124 mounted to carrier 220 constitute reconfigured
wafer 224. In FIG. 9d, an encapsulant or molding compound 226 is deposited over semiconductor

die 124 and carrier 226UsRYPpAstePliting CESHBressveMmBRing transfer oMY, A46i encapsulant

molding, yasuumdaminatione spincpatingner ether suitahle applicaten. [Encapsulant 226 can be polymer
composite material, such as epoxy resin with filler, epoxy acrylate with filler, or_polymer with proper filler.

Encapsufaht 56 94 igRcdhdtictiVé aRt Ervitdnmentadlly j5otects e demitbhadctdraavics o external

elementsaantteenrtaminantsuct ive INaHi&x &1 cariet 228 anteInterfacerdayen?22 are-remaved by

chemical etchin%, mechanical peelin%gCMP, mechanical grin%itng, thermilé)ake, UV light, laser scanning,
d

or wet stiiphing to eXposé thsulafing Tayet 18 and shéapsulant 226- Encapsulsh folides structural
support farsemicohductos dieut24 attern eemaval 0f carrier 228s Agaortion o insufading layer 216 is

rem(_)ved eb]}/eacr]cﬁtchinJ<__:;lprocess Witjgeadp%ttergﬁg photoresist Iag/er to gk))(poses%q:nfductivei {ga@/er 212. The

etching process alS6 removes Q%%rtlon of encapsﬁﬁa]?ﬁ%igsto a level beldw a surface o Insulating layer

216. Alternatively, a portiof dinsitatingrayier216ais removed didIRA Using lager228 i expose
CO”dUC“ero'PAig[ﬂ'fé%%Tfhel insy ?ﬁiﬁ%‘%’ &r2xo remayns gye %%pn%i”%é:?\r}%“‘i@@?e'%y%ﬂ%% %‘ggaée.mhing or
LDA. n FIG. 9, an insulating or passivation layer 230 is formed over‘encapsulant , insulating
Iayer216wahd coating, spray coating, printing, lamination, PVD, CVD,
sintering or thermal oxidation. In one embodiment, insulating
layer 216 is applied as a blanket layer over insulating layer
210 and conductive layer 212. The insulating layer 216 contains
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1203, BCB, PI,
PBO, polymer matrix dielectric film, organic polymer film, or
other material having similar insulating and structural
properties. The insulating layer 216 is cured. The insulating
layer 216 operates as a second stress relief layer to reduce
cracking, warpage, or other damage to active surface 130 and
conductive layer 212 of semiconductor die 124 during later
formation of the build-up interconnect structure. In
particular, insulating layer 216 has properties of a high
tensile strength greater than 100 MPa at room temperature, high
elongation between 20-150% at room temperature, and a thickness
of 2-30 um.
Semiconductor wafer 120 is singulated through saw
street 126 using a cutting tool 218, such as a saw blade, water
jet, or laser, into individual semiconductor die 124.
FIG. 9c shows a temporary substrate or carrier 220
containing sacrificial base material such as silicon, polymer,

beryllium oxide, or other suitable low-cost, rigid material for
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conductive layer 212 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination.
The insulating layer 230 contains one or more layers of Si02, Si3N4, SiON, Ta205, Al203, polymer
dielectric film, or other material having similar insulating and structural properties. A portion of insulating
layer 230 is removed by an etching process with a patterned photoresist layer to expose conductive layer
212. Alternatively, a portion of insulating layer 230 is removed by LDA to expose conductive layer 212.

An electritafly CoHAGEIVEIBYET 232 i OrmBd ovEF sul-Ag Tayer 250 & condirdive3&fer212 using
patterning yvithoPMBa CME: Spuitering relectrolytic platingpelestrolessmplating=pneeess,f othersuitable
metal deposition process. Conductive layer 232 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suifdblEERLTREMY coAdTctive maHaP K PGHDh St condbcive @ef 255 extéhddhotizbntally along
insulatinglayer 230 endpasallel 1o agtive sudace 130 o semicondugtor die 224 ol latarally ¢edistribute the
electrical %%t rconnect to caon uctiv%lgyer 212. Condgctive IV%eEZBZ operates as a fan-o#jt RDL for the
clectrical SIgnafS bf SeMiddhaticey die 124 oA FOriGH o Corticiive Fybr 33 bstically connected to
conductiverlayer 282 tOther pottianscafraonductives layer 232 are electrically comman os €lectrically
isolated c(lzeapendir}g?)%l} Bheccorénelqgil\l/jg)é oLsemic nductor die %24. In FIG. 99, an insulating or

passivation Jfé:yle@f is for(rjnneat over msula(fitcfr(\)grl a@%?ﬁ% and (?ornd%%téll\ie layer 232 using PVD, CVD,

printing, spin coating, Spray teatiry) sceeerepaatirrgroreamination Ihengsulating layér 234 can be one or

more layeys of 502, SIS, SIQN, Tag0%, A1203, alyme digtect fir or ofper matsal having simiar
insulating and structural properties. A portion of insulating layer 234'is Témove by an %tcahing process

with a patteriet phrototeisist layerto expose eonductivedayérr23ns Pdtermativély; @ pdrtign oftinsulating

Iayer234§§£SE§W§Q$WWH%6éq8690%%8%%%“¥Qﬁ£§§¥f§%; 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. 9e, carrier 220 and interface layer 222 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose insulating layer 216 and encapsulant 226.
Encapsulant 226 provides structural support for semiconductor
die 124 after removal of carrier 220. A portion of insulating
layer 216 is removed by an etching process with a patterned
photoresist layer to expose conductive layer 212. The etching
process also removes a portion of encapsulant 226 to a level
below a surface of insulating layer 216. Alternatively, a
portion of insulating layer 216 is removed by LDA using laser
228 to expose conductive layer 212. The insulating layer 216
remains overlapping conductive layer 212 after etching or LDA.

In FIG. 9f, an insulating or passivation layer 230 is

formed over encapsulant 226, insulating layer 216, and
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An electrically conductive bump material is deposited over the exposed conductive layer 232 using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump
material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The
bump material is bonded to conductive layer 232 using a suitable attachment or bonding process. In one

embodiment HEe btifp hatétal 1< feflbivetby Heating five Matetat ABove RS Mélfidd pbit to form balls or

bumps 236.1as0me applications eumps 236 atg reflowecharseeond timerto-impreve glectidcal contact to
conductive layer 232. Bumgs 236 can also be compression bonded to conductive layer 232. Bumps 236

represent 8%& type’Sf Nt StGclire TirdtTahBEToPmed over conductilE laye232. The
Interconnegt sByCuIe Ccan atselyse-stud emap,uniceo bump, ob othetetectrealdatesconneet.ng The
combination of insulatin%éa%/ers 230 and 234, conductive Iaé%r 232, and bum§s 236 constitute a build-up
Interconnect str&turé 338 forhist 80&t sEmicshdddor Bie F5A S Bncapsdiant 228" Additional insulating
layers antrRDIsa¢ambe farpred indiuildsup thterconneet struchirerZ23&fos interconnedtion to

semiconduact(%rec]!ieel(§4. Thgore(éosqsstitutfd v(\éq:ferC%Zé is (s)ig ulated Ehéglig;h eTcuagsulz}w 26 and build-up
Interconr?ec% sfructure %18 with saw Bladaeyor laser cu%ﬁ)ng 00?328 into individial FoWECSP 242. FIG. 10
shows Fa-WCSRP242diter singulaticrnrSemicondudter diegl 24 igselectpiGaliyscormected] thrgugh build-up

LDA to expose conductive layer 212.

An electrically conductive layer 232 is formed over
insulating layer 230 and conductive layer 212 using patterning
with PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 232 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
A portion of conductive layer 232 extends horizontally along
insulating layer 230 and parallel to active surface 130 of
semiconductor die 124 to laterally redistribute the electrical
interconnect to conductive layer 212. Conductive layer 232
operates as a fan-out RDL for the electrical signals of
semiconductor die 124. A portion of conductive layer 232 is
electrically connected to conductive layer 212. Other portions
of conductive layer 232 are electrically common or electrically
isolated depending on the connectivity of semiconductor die 124.

In FIG. 9g, an insulating or passivation layer 234 is
formed over insulating layer 230 and conductive layer 232 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. The insulating layer 234 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural

properties. A portion of insulating layer 234 is removed by an
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interconnect structure 238, including conductive layer 232 and bumps 236, to external devices. In one
embodiment, insulating layers 210 and 216 are formed over semiconductor die 124 prior to singulation
from wafer 120. The properties of insulating layers 210 and 216, i.e., high tensile strength greater than
100 MPa at room temperature, high elongation between 20-150% at room temperature, and a thickness
of 2-30 pm, provides two layers of stress relief to reduce cracking, warpage, and other damage to the die

during th& formatbrPSBRaSY htércBnREG Uttt e 2 58E fchidiRG instYatingH8y&rsP3and 234 and

conductiveolayer232e 1layerFIE3 41 showsan embadimentwith fwe sideskby-side senicegductor die
disposed_within Fo-WLCSP 250. One semiconductor die 124a is formed in a manner described in FIGs.

3a-3f. Anbtherseficondudiordis a2 4BYs ¥ormdPin"g ifiner deSEfited i FIBE Badly The two

side-by-side semicondpetos Uie-124a-4 24k are saveredvay encapsulant 252 similanée EEG t4eiand 9d. A
build-up interconnect structure 254 is formed over semi r}ductor die 124a-124b, insulating layers 136
and 216, Ahd encapstiat §§§ i 8q%§ﬁﬁévs'm\§1§|y BFIGY 48544 dnd 9184 Ré Bulld ip interconnect
structure 2bddneloties insutatingilayer 256, conduetive layer 253, insualafingtayer 260, and bamps 262.
FIGs. 12a-121 illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming LCSP with an
nsulating Ty ALboBe] SRat the OB S At G5 Chaniet oM Re i the H 0F sess refief,
ContinuirngofromiFIG23a, aqlukatity efrchanomelsioragrooves 276 1$fof mediintseaicomductoravafer 120 into

saw street 126 and extends partially into active stukgfac 130 tr)[y lEDA.u In Iase£272 s shaown in FIG.
t . , . Uy
12a. The V\]/"lglih of channels 27 %rgr%}é?emr% ah the width of saw street Z%éfh one em %%Iﬁﬁgnt, channels

270 haveSa dBpth 6fi5r260 o @andektend along loredorfmere sawdtreets 126 obvowpletélyairednd the
perimeter, of semicondycior die.124. FIG. 12bshowsa plan,view of semiganductorwafer 120 yith
channels 270 formed completely around the perimeter of semiconductor die 124.
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
balls or bumps 236. In some applications, bumps 236 are
reflowed a second time to improve electrical contact to
conductive layer 232. Bumps 236 can also be compression bonded
to conductive layer 232. Bumps 236 represent one type of
interconnect structure that can be formed over conductive layer
232. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The combination of insulating layers 230 and 234,
conductive layer 232, and bumps 236 constitute a build-up
interconnect structure 238 formed over semiconductor die 124 and
encapsulant 226. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 238 for
interconnection to semiconductor die 124. The reconstituted
wafer 224 is singulated through encapsulant 226 and build-up
interconnect structure 238 with saw blade or laser cutting tool
240 into individual Fo-WLCSP 242.

FIG. 10 shows Fo-WLCSP 242 after singulation.

Semiconductor die 124 is electrically connected through build-up
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In FIG. 12c, an insulating or dielectric layer 274 is formed over active surface 130 using spin coating,
spray coating, printing, lamination, PVD, CVD, sintering or thermal oxidation. The insulating layer 274
contains one or more layers of S102, SI3N4, SION, Ta205, Al203, BOB, PI, PBO, polymer matrix
dielectric film, organic polymer film, or other material having similar insulating and structural properties. In
one embodiment, insulating layer 274 is SI3N4 or SION. A portion of insulating layer 274 is removed by

an etching ProEESE MR a patfethicd hototsist-RyeFib Shdse  ttive Siffac@y®b. 232 anAn electrically
conductiveskayer 276 js foesmedraver insulatingdayer 244 apd active suface 1 30 usingIRYPa&VD,
electrolytic plating, electroless glating process, or other suitable metal deposition process. Conductive

layer 276'GHTHE onebrifbredayers st AlCETCSnONE AL RY: OF Btk SuftabieSeltétficRiy 88nductive
material. €onsluctive layes 2 76:0peratesas contact peds gvetiappingdesuating kyes 274@nd electrically

connected to the circuits on active surface 13Q. In_FIG. 12d, an insulating or dielectric layer 278 is
formed oV EFRBGIAtInG IE) 274 And corducive TayeF 276 e nker BRAnaiE 376 Uaing §pin c3ating.
spray coating, printingnrlaminations PMER, ,CYDgrintaringgartthermakaxidatiore Or bhe emhodiment,

insulating layer 278 is applied as a blanket layer over insulating layer 274 and conductive layer 276. The
noulating FYBF 275 SR Gnd of TS5 s oF 5107 U tiNia, BhEK: 505" RIS Bt B, PBO,
polymer matresdieteetricsfilnt, @rgaaic polymerciim or otherpaateriabhaving isimilatanswatirnigpand
structural prongities, The insulaling layer, 218 is yred, The Insuiating lave 276 pperaigs g stress relief
layer to reduce cracking, vv%rpage, or other d)amage to active ?ur ace 130 ang conductive layer 276 of
semiconduttor diedR4dduringilater fetmatipnl efrthebuilddupinterédrinectsteetue ciniparticular,
insulating layer 278 has properties of a high tensile strength greater than 100 MPa at room temperature,
high elongation between 20-150%, at room temperature and a thickness of 2-30 pm. The insulating layer
278 extends into chanfidls 270%o proteet an edge vt e sidewalld of semicotriuetor Hiele 24 adjacent to

active surfage 130 by Jeducing sracking warnage;, or ofher gamage;duying later formation of the build-up

interconnect structure. ~ Semiconductor wafer 120 is singulated through saw street 126 using a
cutting to®PPTGSUERALE sAwehladé awater T BERser intoadivRIualsemicopadctor die £24.

3a-3f. Another semiconductor die 124b is formed in a manner
described in FIGs. 9a-9b. The two side-by-side semiconductor
die 124a-124b are covered by encapsulant 252, similar to FIG. 4c
and 9d. A build-up interconnect structure 254 is formed over
semiconductor die 124a-124b, insulating layers 136 and 216, and
encapsulant 252 in a manner similar to FIGs. 4e-4h and 9f-9g.
The build-up interconnect structure 254 includes insulating
layer 256, conductive layer 258, insulating layer 260, and bumps
262.

FIGs. 12a-121 illustrate, in relation to FIGs. 1 and
2a-2c, a process of forming a WLCSP with an insulating layer
disposed over the semiconductor die and into a channel formed in
the die for stress relief. Continuing from FIG. 3a, a plurality
of channels or grooves 270 is formed in semiconductor wafer 120
into saw street 126 and extends partially into active surface
130 by LDA using laser 272, as shown in FIG. 12a. The width of

channels 270 is greater than the width of saw street 126. 1In
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FIG. 12e shows a temporary substrate or carrier 280 containing sacrificial base material such as silicon,
polymer, beryllium oxide, or other suitable low-cost, rigid material for structural support. An interface layer
or double-sided tape 282 is formed over carrier 280 as a temporary adhesive bonding film or etch-stop
layer. Semiconductor die 124 from FIGs. 12a-12d are positioned over and mounted to interface layer 282

and carrier 280 using a pick and place operation with active surface 130 oriented toward the carrier. FIG.
12f show%%%nﬁ&@r?d%fdf@ﬁﬂie 1229MBGnted4d tarier280 Mitraté aportiondf fécbritibfétfor

reconstitutedwafend84r more 184Gs 12888 engapsulantaisnelding cempaudnd 286 is deposited over
semiconductqr die 124 and carrier 280 using a paste printing, compressive molding,_transfer molding,
liquid e@ﬁﬁﬂﬁﬁ%oﬁngﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁﬁ&tiﬁﬁ%pﬂr@éoatin]g?8r ottdr stitaBie gpphicator Bficapsulant
286 can be pebmiercompasite matesial, suchwastepaxyaesiwiwiti fillers epaxyiacylaie adthifiler, or
polymer with proper filler. Enca§sulant %;36 IS nonco ductive%nd environmentally protects the

semicondUctr evids frofT exteimal efem&ETE Hnd CORtammams. *2%*  In FIG. 12h, carrier 280 and

Interface layer 282 arerentomed yochemicali etshingy mechanical peelitg; TMP amechanicaligrinding,
thermal bake, UV light, laser scanning, or wet stripping to expase insulating layer 278 and encapsulant
286. Enca%gu Sﬁyt ﬁ%@ H[‘Sroa{/cf&elsvs?trtf’c urfg?(s:ﬁppfér f&sgerﬁ%céc’%&ﬁlctgro &%Jﬁ%’ aftér rethoval of carrier 280.
A portionafansulatinglayet 278 is femoved-byan etsing processiwitiea patterned: plegtoedsist layer to
expose conductive layer L6. The_etchin rocess alsgﬁmove a.partign of enca sulaqt 286 to a level
below a sou)?fla%:aejtojf?r?s'uIat%lngela%rs 2 §.£&(Jl?gqrnaﬁ\}]§§, a port%%négfa}ﬁglﬁat%r?ge Ia?/]ér 787s removed by LDA
using lasef 288 @& expasaléonduictiVe |dypst 2Y6. AheAdsuldtiiy layér 278 Pemaimsyoverlappingieconductive

Iayer276fﬂg¥égg@gg(¥£{%6'organic polymer film, or other material having

similar insulating and structural properties. In one
embodiment, insulating layer 274 is Si3N4 or SiON. A portion of
insulating layer 274 is removed by an etching process with a
patterned photoresist layer to expose active surface 130.

An electrically conductive layer 276 is formed over
insulating layer 274 and active surface 130 using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 276 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 276 operates
as contact pads overlapping insulating layer 274 and
electrically connected to the circuits on active surface 130.

In FIG. 12d, an insulating or dielectric layer 278 is
formed over insulating layer 274 and conductive layer 276 and
into channels 270 using spin coating, spray coating, printing,
lamination, PVD, CVD, sintering or thermal oxidation. In one
embodiment, insulating layer 278 is applied as a blanket layer
over insulating layer 274 and conductive layer 276. The
insulating layer 278 contains one or more layers of Si02, Si3N4,

Si0ON, Ta205, Al203, BCB, PI, PBO, polymer matrix dielectric
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In FIG. 121, an insulating or passivation layer 290 is formed over encapsulant 286, insulating layer 278,
and conductive layer 276 using PVD, CVD, printing, spin coating, spray coating, screen printing or
lamination. The insulating layer 290 contains one or more layers of S102, SI3N4, SION, Ta205, Al203,
polymer dielectric film, or other material having similar insulating and structural properties. A portion of

insulating layer 290 is removed by an etching process with a patterned photoresist layer to expose
conductive-ter 276 2RitTnBNEE pbrtithr of R NAMTS 18)_F 256 3 rétAdvetPby LBALGSing laser 288 to

expose copduativeilaye2¢6.48Rlet 12k anelegleieallzeonductive layer P92iis formed.over msulating
layer 290 and conductive layer 276_using patterning with PVD, CVD, sputtering, electrolytic plating,
electroles<plath§ ProceSes or Bifet ShitiHle MAEEF d@ﬁ@siﬁé’r?5?0%%%5?@0%&%%51%&%@?5% be one
or more layers:of A, CudSneNG AuLI1AG @ othersuifableelectrically cendugtive snatetiaky A portion of
conductive Iager ZQ%Z%tendé horizr%ntall along insula%igg layer 290.and parallel to activ S%Jrface 130 of
semicondUttdrdie 124 toRterail Yedictitite thE Blectrical Thtersdhhedf to Srtfuctive Ia% 276.
Conductive tayey 202teperatesnastd fan-otit RDE fonthiedelegtricak signalsrof semicandtictaredie 124. A

portion ofI(r:lonductlve Ia_lLyael[ 292 is eieacttrl%ally connect%a%tohconductlve Ir er g?%.fOthekg lpo}rltlons of

conductive Ia%}: 92 aré erec%r?csaﬂy common of efec rically?ssolgf%%pcfepen ing on the cgnnectivity of
semicondunteridie 124rength ¢rEHG 12K, lmmnindwlating or passivation: kyee 284 s formedagver

insulatin er 290 and, conductive layer 292 using PVD, CVD, printing, spin coating,.spray coating,
screen p%rﬁlé;]ngggg I%i%r}nakftleotnwel%% %lgjlgtglr%g layael% g@ Ocrgn%én gr% aoFlﬁ?oére Qfgrg o?%iﬁ%n éﬁﬁ\m SION,
Ta205, AIZ03, polyrmer-dielBetricifilm; ba oihey mMatesial BaVing simitatinsulating-aad strusturalroperties.

A portion,of insulating layer 294 is remaved by an.etehing process with,a paftsined phqtoiesist layer to
expose conductive layer 292. Alternatively, a portion of insulating layer 294 is removed by LDA to expose
conductivdliageppg2to active surface 130 by reducing cracking, warpage, or

other damage during later formation of the build-up interconnect
structure.

Semiconductor wafer 120 is singulated through saw
street 126 using a cutting tool 279, such as a saw blade, water
jet, or laser, into individual semiconductor die 124.

FIG. 12e shows a temporary substrate or carrier 280
containing sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 282
is formed over carrier 280 as a temporary adhesive bonding film
or etch-stop layer. Semiconductor die 124 from FIGs. 1l2a-12d
are positioned over and mounted to interface layer 282 and
carrier 280 using a pick and place operation with active surface
130 oriented toward the carrier. FIG. 12f shows semiconductor
die 124 mounted to carrier 280 to illustrate a portion of
reconfigured or reconstituted wafer 284.

In FIG. 12g, an encapsulant or molding compound 286 is
deposited over semiconductor die 124 and carrier 280 using a

paste printing, compressive molding, transfer molding, liquid
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In FIG. 121, an electrically conductive bump material is deposited over the exposed conductive layer 292
using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 292 using a suitable attachment or bonding process. In

one emb&dinTant the Burfip Mktefal i¥ F&ftWed BT heating the Materidt AbovBIts MéltiRg Pomt to form
balls or byiips296: la;seme-applications,huraps 296 are seflaweda seeonehiimedonpove electrical
contact to conductive layer 292. Bumps 296 can also be compression bonded to conductive layer 292.
Bumps 288 rEpredtnt 5HE B peofiRtEfdormiett Strlictufe frat cah b RPHEdTveY tahGudtiveNayer 292.
The Intereonnegt strictuse Canatserise siucbbnp rmicrebump,raf Otker elaetricakiniercanmnect.
The combinatjon of insulating layers 290 and i 4, conductive Ia%lgr 292, and b%m S 296 constitute a
build-up frtaleBRNeEtstictlre LoBBIMEH over LeRicondttior dis 155 hhd BHcapsiant 586 Additional
insulating layerssand RIS candesformed il buid-uprihterearmnect structure 298 for interconnection to
semiconductor die 124 Thiaf%coq%%uted wafer 28% 'sbsinﬁglate thl[%%%h e%guagsulg\%} 86 and build-up
) f [ .

Interconnect structure 288 With'saw blade or1aser &i ting tool 300 Ato individuar Fo:WE CSP 302.

FIG. 13 showsveotWyC SRB02cafterssingulation. nSerhicondadtop diel i24yis €lEetricakyctenmiscted through
build-up Intercgniplec} Séﬂ'l.ljcwr fggagclqu?g £on l%Ctina!%%%l‘ 2592 and bumps 2%%%0 external devices.

1 erm . anni or . .
In one embadiment.’insu ating layer 78 is formed over semiconductor die’124 prior to singulation from

wafer 12@.ttﬁe?pdopmrtﬁes_@ﬁ<npsﬁlatimgt fayer 278gi.e 2 high t%ﬁ&il@stieﬁglthagve_aﬁbmha@ 860 MPa at room
temperatyre, high, elongation betwean,20-150% at rpom temperatyre-and a thickpess, of 2;30 pm,

provides stress relief to reduce cracking, warpage, and other damage to the die during the formation of
build-up rhiercérrectiSueicture298a Inchiding irsidatingdayers’2 30aitd 294 ahdicoridletiver fayer 292. In

addition, insulating jayer.278 extending inta channels, 270 protects an edge, of the sidewalls of

semiconductor die 124 adjacent to active surface 130 by reducing cracking, warpage, or other damage
during foRA&MiGH 6EBl-tg iRErcomnesPstikctGrengog:tive layer 276. The etching

process also removes a portion of encapsulant 286 to a level
below a surface of insulating layer 278. Alternatively, a
portion of insulating layer 278 is removed by LDA using laser
288 to expose conductive layer 276. The insulating layer 278
remains overlapping conductive layer 276 after etching or LDA.

In FIG. 12i, an insulating or passivation layer 290 is
formed over encapsulant 286, insulating layer 278, and
conductive layer 276 using PVD, CVD, printing, spin coating,
spray coating, screen printing or lamination. The insulating
layer 290 contains one or more layers of Si0O2, Si3N4, SiON,
Ta205, Al203, polymer dielectric film, or other material having
similar insulating and structural properties. A portion of
insulating layer 290 is removed by an etching process with a
patterned photoresist layer to expose conductive layer 276.
Alternatively, a portion of insulating layer 290 is removed by
LDA using laser 288 to expose conductive layer 276.

In FIG. 123, an electrically conductive layer 292 is
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FIGs. 14a-14k lllustrate, in relation to FIGs. 1 and 2a-2c, another process of forming a WLCSP with an
insulating layer disposed over the die and encapsulant and into a channel formed in the die. Continuing
from FIG. 3a, an electrically conductive layer 310 is formed over active surface 130 using PVD, CVD,
electrolytic plating, electroless plating process, or other suitable metal deposition process, as shown in
FIG. 14a. Conductive layer 310 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electricalyPEaHlicHVE Mmatdial ebnbdcthviayer3to operatedds contiet padselecticaily tornected to

the circuits,enr agtive,surfacen139.0n thisrembediment,icondustive layer 340 hasiahighdppology, e.g.,
greater than 0.6 pm. A plurality of channels or grooves 312 is formed in semiconductor wafer 120

p : .
into saw SttESTIZB A1 eRtehus ParkaIRGRtPactte SUrfate 130y PORA d6ihG faser333 1 FHE Width of
channelsg3lis gFeater thantheiwidth ef saw street 426 Ha ane-embosdimrent] eRannels 812 have a depth

of 5-20 pm and extend along one or more, saw streets J?zefs or Cﬁm letely iéound th% erimeter of
semicondittor-die 124 FIG! lﬁ%h&ﬁs%%lgﬁ Vit bf Sernicondtctor Wafer 120 kith ChakRels 312
formed compéetelylaround the permmeter of semicanductdradie 12492 extehdklG. 14c, an insulating or

dielectric layer 316 is.conformally applied over actjve surf 130 and con(]jL ctive layer 312 using spin
conting. Sty oA g T A0t P8, COL: S taing B Laialios e Heuiing layer
316 contams DmecorimoredlayersafcSiN2 pSi3ig, SiION] 74206, ARO3y BOB, RieRBO, polymer matrix

dielectric film anic palymer film, or other material haying similar insulati nd structural properties.
CUriC IUN, QKa¢ Y ¥ material Naying simray geand st Qi prop
The msula%ﬁg %ayecr%]i%cfoﬁz)v%/g fhe contour of active surface 130 and conductive Iay(/jélr 312, ﬁ%e
insulating- kayer 328 hasreehighaspelogy td eoverwdondubtivelayehgl@lectrical signals

of semiconductor die 124. A portion of conductive layer 292 is
electrically connected to conductive layer 276. Other portions
of conductive layer 292 are electrically common or electrically
isolated depending on the connectivity of semiconductor die 124.

In FIG. 12k, an insulating or passivation layer 294 is
formed over insulating layer 290 and conductive layer 292 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. The insulating layer 294 can be one or more
layers of Si02, Si3N4, SiON, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural
properties. A portion of insulating layer 294 is removed by an
etching process with a patterned photoresist layer to expose
conductive layer 292. Alternatively, a portion of insulating
layer 294 is removed by LDA to expose conductive layer 292.

In FIG. 121, an electrically conductive bump material
is deposited over the exposed conductive layer 292 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.
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In FIG. 14d, a temporary planarization layer 318 is formed over insulating layer 316 and conductive layer
310 and into channels 312 using spin coating, spray coating, printing, lamination, PVD, CVD, sintering or
thermal oxidation. In one embodiment, planarization layer 318 is applied as a blanket layer over the entire
semiconductor wafer 120 without patterning. The planarization layer 318 contains one or more layers of
Si02, Si3N4, SiON, Ta205, Al203, BOB, PI, PBO, polymer matrix dielectric film, organic polymer film, or
other matetfal REling Grhfiarinsurafing ARdstructuraPproperiess Thetemporary Hianktization layer 318

extends iptoi ehannels813chment Semicondustor wafee120 is singulated-thiselghsaw stregt 126 using
a cutting tool 319, such as a saw blade, water jet, or laser, into individual semiconductor die 124.

FIG. 14e S8R E ferhp6rary Subiate o Laffer $20 cditaihing Sftrftiaf bad® Materid Such as silicon,
polymer, heryliurg axide; ©r otherstttablel low-castrigig snatedal for stroetusalsuppodaAndaterface layer
or double-sided tape 322 is formed over carrier 320 as a temporary adhesive bonding film or etch-stop
layer. Se %E?nsdt%%(?r dié 124%fo ‘ﬁges.a 1585998 %r& pBSitioned ]éPXﬁd%% ted % terface layer 322
and carriep32@ usinga pickandtplaee doperationwrith activecsurface E3thodeantediseward the carrier.
Semicong%ctorrgise 1204nn19grr115%ddt0 car(r:igg1 Z%gonstitﬁe ree]_g:o%'%uredBwaferS3%?.6 - relg FIG. 14f, an
encapsulan{ngr mof‘dllng compoundtS%G IS e%osi%éfc?overysemiconducto}lg% 174 and cgrrlereﬁb using a
paste priotireg, ttompressive nwoldingntransfet maolding eliguid encapsudantimotaing, aaeuum lamination,

spin coat!:né;ﬁ QL9 he\;esuitgbleera%igator %ncal%stuelq:ntosrgge% n lg% PS' merrecorg%osailtf rgaterial, such as
epoxy resin with fi er, epoxy acrylate Witﬁ ﬁler, or po?ymer with propertfllfler I:gncapsuﬁamt 356 is
noncondsdtivé andnenvirormmentaliynprotects thé semidanductoraevicetframaxtemal elements and

contaminants. 10 E1G 149, carder 320 and infetface layer 322 are sggmoyad by chemical etching,

mechanical peeling, CMP, mechanical grinding, thermal bake, UVlight, laser scanning, or wet stripping to
expose prartization faye? 818 atitfencapdulanms262Bhcaesitant32eprovidesisiruatural support for

Smﬂmon%ﬁ%@f@@ﬁ&%&ﬁ“%f?HEW@&%f%@ge%gg%ed over semiconductor die 124 and

encapsulant 286. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 298 for
interconnection to semiconductor die 124. The reconstituted
wafer 284 is singulated through encapsulant 286 and build-up
interconnect structure 298 with saw blade or laser cutting tool
300 into individual Fo-WLCSP 302.

FIG. 13 shows Fo-WLCSP 302 after singulation.
Semiconductor die 124 is electrically connected through build-up
interconnect structure 298, including conductive layer 292 and
bumps 296, to external devices. In one embodiment, insulating
layer 278 is formed over semiconductor die 124 prior to
singulation from wafer 120. The properties of insulating layer
278, i.e., high tensile strength greater than 100 MPa at room
temperature, high elongation between 20-150% at room
temperature, and a thickness of 2-30 um, provides stress relief
to reduce cracking, warpage, and other damage to the die during
the formation of build-up interconnect structure 298, including

insulating layers 290 and 294 and conductive layer 292. 1In
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In FIG. 14h, the temporary planarization layer 318 is completely removed by wet chemical stripping
process, or an etching process with a patterned photoresist layer, to expose insulating layer 316,
conductive layer 310, and channels 312. A portion of insulating layer 316 is removed by an etching
process with a patterned photoresist layer to expose conductive layer 310. Alternatively, a portion of
insulating layer 316 is removed by LDA using laser 328 to expose conductive Iai/er 310. The insulating
layer 3165‘%%%ﬁ?Bveﬂ%ﬁ&%bﬁ&u&%ﬁﬁy@r@l@éﬁ@ﬁgﬂ:ﬁfﬁlg%}tLCDRhanne SIn“FI65. 14i, an

insulating-ecpassivation laye33(F istieemed Qver encapsulant326-anr hisylatingdayer416 and into
channels 312 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. The

insulating'y8F 336 cbhtaired oNE of Moré $ayers f 3102, BIBNAPSION 2F5268)'AI¥3 FarganicYolymer, or

other materiad havingsimilarinsulating andsiwictural propediase Thedasuating tayer 830 43 cured. The
insulatin%flgger 330 operates as a stress relief layer to reduce cracking, warpage, or other damage to
active sufface 130 and conductive layer 310 of semiconductor die 124 during formation of the build-up
interconnect structure.dn @articliar;- insklatingdayera336, has propestiesoaf a bighttessild stieagth greater

than 100 MPg at room tt%rgperatureéQégho%loggatlon between 20-150% at room temperature, and a

thickness 6f 5-30 panr11 over semiconductor die 124 and 2-3 pm overlencaap%uﬁarh?% 6. The insulating layer

330 exteAdy o chapoels 312to proteet dn edge df ¢ne sidewhdls of semiconductor cheri24 adjacent to

active sugace 130 .bI¥ reg cing cracking,, war age, Qr otheHI mage during formation the build-up
interconne%{:rsnterl%ctﬁre.% gorq(lio% ‘of iﬁs(jt?fgtjfnng Ilaygr §§8 is rerr?dvae%a By an g?(%elﬁg Ip‘)%occaess‘\(Nith a patterned
photoresisptayer to expdsereandutlive fayer3160d Afteratativelyi agpostionf efisulabing $ayer 330 is

removed Ry DAwsIng laser 328 19 expose.canguictive laver 3195 o1 4t fhEIG st eleggrically

conductive layer 332 is formed over insulating layér 330 and conductive layer 310 using patterning with
PVD, CV kputtétiid, adcragticaplatng caletticles® plating proessss e vthersuitable rhétal deposition

process. Gonductive, layer. 332 can be.one gr mare layers of Al, U, Sn, NjeAy; Agcor other suitable

electrically conductive material. A portion of conductive layer 332 éxtends horizontally along insulating

layer 330Vand parallePto activeSurfaceé U BoPsT isensitsrddcterdieyl 22 dateralieratistibute the electrical

interconr@gg%%q;@tiy%@@rﬁﬂ@. Gonductive layer-332 operatgs as &fanqut RDL for the electrical
signals of semiconductor die 124. A portion of conductive layer 332 is electrically connected to conductive

layer 3105 GtREFP6ItioRs of REnduciiveiayer3B 2 areldlgctfidahRESmmmth: or Rcirieafy isolated
depending: @ theeennectivityatsarsicondyetor dienl2ds a high topology, e.g.,

greater than 0.6 um.

A plurality of channels or grooves 312 is formed in
semiconductor wafer 120 into saw street 126 and extends
partially into active surface 130 by LDA using laser 314. The
width of channels 312 is greater than the width of saw street
126. 1In one embodiment, channels 312 have a depth of 5-20 um
and extend along one or more saw streets 126 or completely
around the perimeter of semiconductor die 124. FIG. 14b shows a
plan view of semiconductor wafer 120 with channels 312 formed
completely around the perimeter of semiconductor die 124.

In FIG. 1l4c, an insulating or dielectric layer 316 is
conformally applied over active surface 130 and conductive layer
312 using spin coating, spray coating, printing, lamination,

PVD, CVD, sintering or thermal oxidation. The insulating layer
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In FIG. 14k, an insulating or passivation layer 334 is formed over insulating layer 330 and conductive
layer 332 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. The
insulating layer 334 can be one or more layers of S102, SI3N4, SION, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural properties. A portion of insulating layer 334
is removed by an etching process with a patterned photoresist layer to expose conductive layer 332.
Alternatively, £50rtiBRT ififatitig I%%%éﬁé@”e?n&/%d%;%%tb%%osé toNdudiiedayer 332.

An electrically spnductiverhympmagterialis eieposited-overthe exposed cendugtiverdayeri 332 using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump
material S5 BN, S L, AC AYE PR B12ETE S8idel A Combifatitns tHEFESF With%rBftional flux
solution. Eor examplel the buymprhaterial tae bereuiectici 8u/Phs figh-tead soidaroesleadsfree solder. The
bump material is bonded tg conductive layer 332 using a suitable attachment or bonding process. In one
embodiHE 1R bRy Ak 1S TEMRMeR By Hedti 615 ALl o508 16 meing pOHEt form balls o
bumps 336.dnlsomiegpplications, llbumps 336targeftawed agecond dimesto lmaprave electrical contact to
conducti\?ealager %Cf% Bumps 336 can also be compression bonded to conductive layer 332. Bumps 336
represent one Jfype of Interconnect structure that can be formed over conductive layer 332. The
Interconnect structure an &als®.useistuddburpmmicas bumps oa other telectridal yrterédrthect The
combination of insulating layers 330 and.334, conductive layer 332, and bymps 33 nstitutes a build-up
InterconnJL‘(e)(Ef%tergcta\rfee 338 grlﬁiléa over s.lea i%gn(?ugcgto?l 8% 1¥20 éﬁl %ﬁgaep;iuﬁgr%tr%%l.cﬁcﬁdﬁ%nal insulating
layers andrRPlscéambe forniddkinusuiidou s nterconaédirstructimrea338-for iriterconpectidn toJ ,
semicondugtar, die 124. Therecenstituted yafex 324 is singulated thrgygh eacapsulant 326 and build-up
Interconnect structure 338 with saw blade or laser cutting tool 340 into individual Fo-WLCSP 342.

FIG. 15 showaRaWVIEC SP I3y afierasingulationy. SSemitondgctePdiel 24 isselectriéalykednnected through
build-up Interconnect strugcture 338, including capdustive layer-332 and humps 336, to external devices.
The properties of insulating layer 330, i.e., high tensile strength greater than 100 MPa at room
temperatbre; High éfgation BefvesR 20-A%DY At roont fempératiwet and a thitknéss BP2Z30 pm,
provides syress telief tasregliceCragking swakpage, and otherdamage 1o thedie slying the farmation of
build-up Interconnect structure 338, including insulating layer 334 and conductive layer 332. In addition,
insulating"fyer 330 extetdiig td hann&Is 332 sroteisy B Bd§e bf theSideiafis ofdéficahtiuctor die

124 adjagent ta @ctve.sudace 130 byredycing gragking er,other gagage-during formation of build-up
Interconnect structure 338. The insulating material 330 in channels 312 also reduces warpage during

formatiorSPBRIRGY IR&RORRSEPSH itk 3gs, 318 extends’ into channels 512

Semiconductor wafer 120 is singulated through saw
street 126 using a cutting tool 319, such as a saw blade, water
jet, or laser, into individual semiconductor die 124.

FIG. 1l4e shows a temporary substrate or carrier 320
containing sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 322
is formed over carrier 320 as a temporary adhesive bonding film
or etch-stop layer. Semiconductor die 124 from FIGs. 1l4a-14d
are positioned over and mounted to interface layer 322 and
carrier 320 using a pick and place operation with active surface
130 oriented toward the carrier. Semiconductor die 124 mounted

to carrier 320 constitute reconfigured wafer 324.
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FIGs. 16a-16d illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a WLCSP with an
insulating layer disposed over the die and encapsulant and into channels formed in the die and
encapsulant for stress relief. Continuing from FIG. 14h, a portion of encapsulant 326 is removed by LDA
using laser 346 to form channels 348 in the encapsulant adjacent to channels 312, as shown in FIG. 16a.
Channels 348 extend along one or more sides of semiconductor die 124 or completely around the

perimeter of the die. 17 FIff-FIE A6p2En RSARTY 6 passivatiohdaysr S5t Torted 6%er S
encapsulash326 end inswiating-layer 346 and:int@ichanmelss3 2 using /D 3CV Dy printing, spin coating,
spray coating, screen printing or lamination. The insulating layer 350 contains one or more layers of Si02,
Si3N4, SION "Ta205, K203, org8RRSohEE JPotherfaterial ASviRg SifitarinSulatingahd structural
propertiesnthe nsutatingrayeri3hkf) isseuraedml hensulkatingrlayes3n) operaies;as astresgselief layer to

reduce crac|¢<ir;%,ai/arpa%fﬁ or other damage to active SL#% ce 130 gnd coH;ductive Ia%er 310t of
semicondUttdrdie A 4R ring foPhation OF tHebuiffip HterdonRecstiictdeSin faRiRbRt SiRsulating
layer 350rhas:priopertiessafa highdpnsile steerigthwgreater thare100 MR at roony lemperature, high

elongatiolp. etween 20-1509 at room temperature, ﬁnﬁ% thickness of 2-30 d;;){n 9¥%r gncapsulant 326.
The insu aﬁng?ayer%%opex fds into chafnels 312 and 348 to protect an edge of the sideéwalls of
semiconduntorudie ih24 adjdcentto active sudadey 180 byaetucing eracking; avarpagerodetherdamage

during fongp:%trhone%f tggnbat{llldéﬁ%mtercong%g struc uarr%iéépnqtrtslon of insulating layer 350 is removed by an

) C . . . ;
etching process with a patterne(in pe)ﬁot(s)re&st layer to expose conductive layer 310. Alternatively, a portion
of insulating layer 350 isyemdvedliBywl DAcusing taser 346110 ekpose Eonductivedayer’Flre In FIG.

16¢, an elegirically sanductiys layer 352 i faymegover insulating layer, 350 ad copdutys layer 310

using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable mietatdepositioh processPEondutiivellagaic 352 ean bessrmnorimere fayerssf Al, Cu, Sn, Ni, Au,

Ag, or other,suitable elegtrically, canductiye,material, A parfion of conductive Jayer. 352 extends

horizontally along insulating layer 350 and parallel to active surface 130 of semiconductor die 124 to
laterally redistitsuté 3Ré efectridal fitérvnneEr o ¢oHtRIttive YR B1DoC oRGHE@NIaYE332 operates as

a fan-out RQL forthg wlectrical.signals 9t semiconductos glie 124. A portion of conductive layer 352 is
electrically connected to conductive layer 310. Other portions of conductive layer 352 are electrically

common or electricallyi8olated-depehdirig 6n HFEEERRECtivity BF 8&mfcontitttor &€ 12418 1s

completely removed by wet chemical stripping process, or an
etching process with a patterned photoresist layer, to expose
insulating layer 316, conductive layer 310, and channels 312. A
portion of insulating layer 316 is removed by an etching process
with a patterned photoresist layer to expose conductive layer
310. Alternatively, a portion of insulating layer 316 is
removed by LDA using laser 328 to expose conductive layer 310.
The insulating layer 316 remains overlapping conductive layer
310 after etching or LDA.

In FIG. 14i, an insulating or passivation layer 330 is
formed over encapsulant 326 and insulating layer 316 and into
channels 312 using PVD, CVD, printing, spin coating, spray
coating, screen printing or lamination. The insulating layer
330 contains one or more layers of Si0O2, Si3N4, SiON, Ta205,

Al1203, organic polymer, or other material having similar
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In FIG. 16d, an insulating or passivation layer 354 is formed over insulating layer 350 and conductive
layer 352 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. The
insulating layer 354 can be one or more layers of S102, SI3N4, SION, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural properties. A portion of insulating layer 354
is removed by an etching process with a patterned photoresist layer to expose conductive layer 352.
Alternatively® B gortiBH of itsutatinyiayer3s 2 i rfidvied oy LBA%0 X é%bﬂau&tﬁﬁéelﬁyég%z.

An electrically gepductiverRump smatgralis depesited gverdbeexpoesed gonduetivedayer352 gsing an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump
material ¢4 B5& AtOSh IR, At PhI BT, Clo 5B artf cSthBinatioAg B&re bt with™an Sptional flux

solution. Far example; the. humpomaterial can beeitectiooSaiPhs; high-leadsolder, ek leadsfree solder. The
bump ma%erial is bonded to conductive layer 352 using a suitable attachment or bonding_process. In one
embodiment, tHe b%?rﬁﬂn Mhat&rial 98 reflowe edfing the hatEHAT above ftd Aieififg poiht to form balls or
bumps 3b6.rnisome applicationsthiurgps 3p6are 3eflowwed arsecond time toflmprovelelectrical contact to

conductive Iglgerlg52. Bumg% 356 can also pe compy s%i%gn bonded to conductive Ia¥er B;Z.lﬁ?lumps 356
0 e

represenF oné %ype Stinter or%lne%]f%%gﬁrg ]ihaaﬁ can be formed orv%(r)%oﬁgﬁn&levrealgi/leres% .

interconnetct swadtirercare alsocusestud hun e, tmicte bumpnoe other edtectacal irtetdonriect: s s The

combination of insulating layers 350 and 354, conductive layer %5?,_33@ bumps 356 constitute a build-up

interconnect structure Bgé] ormed over semiconductor &?é 124 an encaﬁs%larﬁefz& Additional insulating
layers angrRBIsscambé forated inlildius interconpedtsstricture B58<foe irterconhectidratone 1 s

semiconaygtor.die 124, The regonsiitited watgr 324 is.gingulated thrapgh. gpeapsulant 326 ang, build-up

interconnect structure 358 with saw blade or laser cutting tool 360 into individual Fo-WLCSP 362.
FIG. 17 showaRe-WIECSPI6LVaftersingulatior Sericonducton diecr24 isiglgetricalyresinected through

build-up pteconnet syuctite 498, iludling candyctive dayer,352 and bepsciin, o extemal devices.

The properties of insulating layer 350, i.e., high tensile strength greater than 100 MPa at room

temperat@fe; HighrRngafior BEfwesh 26-15094 At foony temperaturel ahd athitRriess B¥ 2380 pm,

provides stress refief 1o reduce, cracking yuarmage. and othes, damage to,the die duging the formation of
build-up interconnect structure 358, including insulating layer 354 and conductive layer 352. In addition,

insulating" Y& 856 BXtetitfiifg intd Ehanfels 312Nt 348 prote &S anédyePdf the Sidétaiisof

semicondugjer-die A@4iadjacentJe active surface 139 byJeducing eracking.grather damage;dwing
formation of build-up interconnect structure 358. The insulating material 350 in channels 312 and 348 also
reduces \?Vﬁ?’[fd@e%&mg formation of build-up interconnect structure 358.

In FIG. 147, an electrically conductive layer 332 is
formed over insulating layer 330 and conductive layer 310 using
patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 332 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. A portion of conductive layer 332 extends
horizontally along insulating layer 330 and parallel to active
surface 130 of semiconductor die 124 to laterally redistribute
the electrical interconnect to conductive layer 310. Conductive
layer 332 operates as a fan-out RDL for the electrical signals
of semiconductor die 124. A portion of conductive layer 332 is

electrically connected to conductive layer 310. Other portions
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FIGs. 18a-18;j illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a WLCSP with an insulating
layer disposed over the die and encapsulant and into a channel formed in the encapsulant for stress
relief. Continuing from FIG. 3a, an electrically conductive layer 370 is formed over active surface 130
using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition
process, as shown in FIG. 18a. Conductive layer 370 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other SUitabRyElBelicafly caNGdctivematetiaf toriduttive fager FDYperates i ddntact pads
electricallyseonnesteditodbacireyits anactive shifface 130ty of skilé ik8he apzinstlating ar. dielectric
layer 372 is conformally applied over active surface 130 and conductive layer 370 using spin coating,
spray coating, printing,ﬁﬁnﬁ& font PYD, VD! Sntétng 6 tﬂErrﬁéF&ﬁH&Hﬁq’hjeaiﬁgﬁlaﬁr% layeér 372
contains opemsdneredayars Qf Bid2, 15i3N4 5 S10N,31a20k Al203,BEB PRI, IRROrpalymer satgx dielectric
film, organic polymer film, or ather material having similar insulating and structural properties. The
insulating 13yer §¥E followe the SHntSir 'St dctive shifacE 136 and condlittive Faﬁ/%?§7 LINtingn piG,
18c, a tempotany phlanarization tayer 374us darhed owsrdnsulating tayeb372randoconshuctive layer 370
using spin coating, spr ating, ting, laminati \% , sintering or thermal pxidation. In one
embodimTe%{ep éc’néjﬁfga%%(rglgéye%rqﬁ%i]é a%b ied a?éagéjlghkg[’ll(e%g’ o@e‘ﬁtﬁg%ﬂti%gg]r%%%%ﬁctor wafer
120 withdut Jpaiterning tTiee pteanaeizatidn layer 334 contairs one on hadrénagyers of $i02; Si34,1SION,
Ta205, Al203 BICEBl Pl, PBAOg)oI mer ma%riﬁgiselllelctric fiIm,loargeelgiC@lerQ%r film oré)éh%rymgtgrial having

N gro?e %s. Pr 10n, © ating remov
similar insulating and structural properties.

etching process with a patterned photoresist layer to expose

conductive layer 332. Alternatively, a portion of insulating
layer 334 is removed by LDA to expose conductive layer 332.

An electrically conductive bump material is deposited
over the exposed conductive layer 332 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 332 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
balls or bumps 336. In some applications, bumps 336 are
reflowed a second time to improve electrical contact to
conductive layer 332. Bumps 336 can also be compression bonded
to conductive layer 332. Bumps 336 represent one type of
interconnect structure that can be formed over conductive layer
332. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The combination of insulating layers 330 and 334,

conductive layer 332, and bumps 336 constitutes a build-up

—-43-—



Semiconductor wafer 120 is singulated through saw street 126 using a cutting tool 376, such as a saw
blade, water :et, or laser, into individual semiconductor die 124, FIG. 18d shows a temporary
substrate or carrier 380 containing sacrificial base material such as silicon, polymer, beryllium oxide, or
other suitable low-cost, rigid material for structural support. An Interface layer or double-sided tape 382 is
formed over carrier 380 as a temporary adhesive bonding film or etch-stop layer. Semiconductor die 124

from FIGS S 28E3FE positibHER BYEr and nfdtted teIfterfacaayer88S ARl catffer'380 GSifg a pick
and place ppetionanith active sudaceri3thanentedjowarchtheicardes Samicanducterdiesk?4 mounted
to carrier 380 constitute reconfigured wafer 384. In FIG. 18e, an encapsulant or molding

compount38ER dehdeited SveP semiconTnRiT die $54 ARl Eatrier 380 G&ing a paste printing,
compressive eeldinge transfer swldiagi liguid escapsulast molding, Masuuedaniratiar, spin coating, or

other suitable applicatar. Encapsulant 386 can be polymer composite material, such.as epoxy resin with
fler, apois SEh At with T8 87 bR vt BEbeP TG ELABAAALSTE R THCordLEuve and
environmentallyqaroteets thetsemicondudds device fromw extesnal elemeatssandcantaminantsl In

FIG. 18f, §:$6rier 35800 anc(iji.nte%%c%l er_%%%glge geélrtz]oved by chemical etching, mechanical peeling, CMP,

mechanica grihlalng, therma Y light, Taser scanning, or wet stripping to expose planarization layer

374 and encapsulant 386G Entapsulants33®provitiss stAuttarat suppart forlsemioconductor die 124 after

removal%@%?@%%%%%tor die 124 is electrically connected through build-up
interconnect structure 338, including conductive layer 332 and
bumps 336, to external devices. The properties of insulating
layer 330, i.e., high tensile strength greater than 100 MPa at
room temperature, high elongation between 20-150% at room
temperature, and a thickness of 2-30 um, provides stress relief
to reduce cracking, warpage, and other damage to the die during
the formation of build-up interconnect structure 338, including
insulating layer 334 and conductive layer 332. 1In addition,
insulating layer 330 extending into channels 312 protects an
edge of the sidewalls of semiconductor die 124 adjacent to
active surface 130 by reducing cracking or other damage during
formation of build-up interconnect structure 338. The
insulating material 330 in channels 312 also reduces warpage
during formation of build-up interconnect structure 338.

FIGs. l6a-1l6d illustrate, in relation to FIGs. 1 and
2a-2c, a process of forming a WLCSP with an insulating layer
disposed over the die and encapsulant and into channels formed
in the die and encapsulant for stress relief. Continuing from
FIG. 14h, a portion of encapsulant 326 is removed by LDA using
laser 346 to form channels 348 in the encapsulant adjacent to
channels 312, as shown in FIG. 1l6a. Channels 348 extend along

one or more sides of semiconductor die 124 or completely around
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In FIG. 18g, the temporary planarization layer 374 is completely removed by wet chemical stripping
process, or an etching process with a patterned photoresist layer, to expose insulating layer 372 and
conductive layer 370. A portion of encapsulant 386 is removed by LDA using laser 387 to form channels
388 in the encapsulant adjacent to insulating layer 372. Channels 388 extend along one or more sides of
semiconductor die 124 or completely around the perimeter of the die. In addition, a portion of insulating
layer 37258FeR Rl byEn efchidprotess with a patterned photoresist layer to expose conductive layer

370.Alternatively, a portionrafdnsulaty)g kayer 342 isiremeved-by L DA ysing daser 38410 Expose
conductive layer 370. The insulating layer 372 remains overlapping conductive layer 370 after etching or

LDA.  FOTMRGFIBY 9Bh AN MUY orgdssittion 1ayer 3ot e fofiéd ovelercipstitrit 386,
insulating:layen 372, camlugtve dpyevis/0cand inte Channels 388iusing £V (G VRppHRting, spin coating,
spray coatingc, screen printing or lamination. The insulating layer 330 contains one or gwore layers of
S102, SISRESION, 75205 AIBO3, OrgAric Poly &, bt other matetial hB\?iH%as%ﬁgr in8diafing and
structurabpropettiesa The inswating tayee 390 yeeuredf The drsulatirgNlayes 390 pperstes as a stress relief

layer to rg L%%%crackin%]\{vgr age, or other damage to a%:ivei%L{era}lce 130 and corllductive layer 372 of
uc arin

semicon ‘1 or die 124 orr%%ﬁgrﬁ of the b dr-ubn?n erconnect structure. T p%ﬁicular, insulating

layer 390imas:properntiesaofda highutehsiedtrengthareates tharfh@0 MRawabroony tempenaturg) high
elongation betwee 20-]1.'%0% at room.temperature a&d?a thickness of 2-30 pm qver_semi onguctor die
124 and §-535C[1)1r¥160§/ér encgpsllﬂgrl]lt ?é:Gl ml'(%eilﬁgﬁlgting ay%?%@?‘)%&?er?cfs into channels 388 to protect an
edge of the sidewallsiof Sepricontuciordie 124ratiacent ¢o active sudacer¥80 by reduding cracking,

warpage..of, gther damage, dhring farmation, of the uildyp |ntercopnect siruciure. Ajportion of insulating

layer 390 is removed by an etching process with"a patterned photoresist layer to expose conductive layer
370. Altefhativety, aqoricn ohinshlating 1&yeri3b0-is removed DyNDA usinglaseir887 taexpose

Cm“hmﬂ%%EW§Eélgr, insulating layer 350 has properties of a high
tensile strength greater than 100 MPa at room temperature, high
elongation between 20-150% at room temperature, and a thickness
of 2-30 um over encapsulant 326. The insulating layer 350
extends into channels 312 and 348 to protect an edge of the
sidewalls of semiconductor die 124 adjacent to active surface
130 by reducing cracking, warpage, or other damage during
formation of the build-up interconnect structure. A portion of
insulating layer 350 is removed by an etching process with a
patterned photoresist layer to expose conductive layer 310.
Alternatively, a portion of insulating layer 350 is removed by
LDA using laser 346 to expose conductive layer 310.

In FIG. 16c, an electrically conductive layer 352 is
formed over insulating layer 350 and conductive layer 310 using
patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 352 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive

material. A portion of conductive layer 352 extends
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In FIG. 181, an electrically conductive layer 392 is formed over insulating layer 390 and conductive layer
370 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 392 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. A portion of conductive layer 392 extends
horizontally along insulating layer 390 and parallel to active surface 130 of semiconductor die 124 to

laterally reafstctits e Blethitdl IntBribhnbetd cohbttctive thyRr 3782E8RdGtIVelaFer-39 operates as

a fan-outRPk feithe Blectricalsignals of semicandyctor die 424 A ppgtion of-condietive layer 392 is
electrically connected to conductive layer 370. Other portions of conductive Ia%er 392 are electrically

common OF BIEEHEHIN iSatetl FSTerding 6 the cOrRettivity BF semicondiittor dié 2247t 1ve |nFiG.
18], an insulpding3d passivation tayes 3941s formed aver insulating layes 300 anglcantyetive layer 392

using PVD, CVD, printing, spin coating, spray _coating,.screen printing or lamination. The insulating layer
304 aan B8 GRET DI TEIT oF SH052ran GO SF 0t AT HohiEr QR bic fifn 57 other
material kding simitar linsuating:and structucalpraperties. Agpostiors obinsulating fayes394ds semoved by
an etching process wijth a patterned toresist layer to.expase conductive layer 392. Alterpatively, a
portion O s UG Ty S Emoted Ty L A b s oa Can IS Ty Jopetx -2 A etrcally
conductiviesbumpanatésiabisddeppsited oher thenexposedidcondoctivestayep 892 asimg an evaporation,

electrolytic plating, ele%trolﬁ pla{i , ball dro oF screen printing process. The-bum grial can be Al,
Sn, Ni, Au, Ag, Pb, B1, I&u, s%lder,gagrid 88m%§1%%0%§ %ﬁg{regf vﬁ%%ﬁg%%éﬁgl fl%&yseo urt%;%rtl. For example,
the bumptmaterial caabhelewedic SniPh, dygh-ledlsalder, optedd-free solbey.cEhesbdmpshaterial is

bonded ta-gonductiye layer 39% yeingya sitable attachent.or bonding, processe In.one embagiment, the

bump material is reflowed by heating al aboveits melting point to form balls or bumps 396. In
some applicatiens Naurhps 396 Are refisived & isegond tifte oifmprove efectrital @dntaet o conductive

layer 392, Bumps 396 gap also:he gampeassion banded to,gonduictive fayer 392; Bumns, 396 represent

one type of interconnect structure that can be formed over conductive layer 392. The interconnect
structure Eahals @ tis€ SRRFbURPSMIcHd Biang,'of othérielestrichFiniereéntecind structural

properties. A portion of insulating layer 354 is removed by an
etching process with a patterned photoresist layer to expose
conductive layer 352. Alternatively, a portion of insulating
layer 354 is removed by LDA to expose conductive layer 352.

An electrically conductive bump material is deposited
over the exposed conductive layer 352 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 352 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
balls or bumps 356. In some applications, bumps 356 are
reflowed a second time to improve electrical contact to

conductive layer 352. Bumps 356 can also be compression bonded
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The combination of insulating layers 390 and 394, conductive layer 392, and bumps 396 constitute a
build-up interconnect structure 398 formed over semiconductor die 124 and encapsulant 386. Additional
insulating layers and RDIs can be formed in build-up interconnect structure 398 for interconnection to
semiconductor die 124. The reconstituted wafer 384 is singulated through encapsulant 386 and build-up
interconnect structure 398 with saw blade or laser cutting tool 400 into individual Fo-WLCSP 402.

FIG. 19 showsEGNFLCEP 402y SfterSitgulafioifiSemicdndGator e 2P R%el&&tngaRf connected through
build-up intereerrest stuctite 398uinsluding cendudtive dayer392-ard buBps 396; i@ exteyral devices.
The properties of insulating layer 390, i.e., high tensile strength greater than 100 MPa at room
temperatare high 8RnyaHiGH BERRbSST 26-15094 BF foomh teripEratthas afid A thiekiBss Bi- 5550 pm,
provides stress relief ta reducelcrackingwarpager and ofher damage to the die during the formation of
build-up interconnect structure 398, including insulating layer 394 and co § ctive layer 392. In addition,
insulating layer 390 exFe}h%ir?gOm}i’&%ﬁgﬁﬁé]s% SWSfélg%t ﬁl%dgé%ﬂﬁe §|] g\/\%ﬂg (??lgémiconductor die
124 adjacentda insiulatingalayer 32 by daeducingeracking aveothet damage duringfermation of build-up
interconnec&structure B%S.S'g}eu ingulatingg’gaé%rjig!né%o in channels 388 also reduge% W Qa%le%guring

. lnter nne C re ©) .. semiconductor,
formation o UI|%9Up m%erconnect slfructure 398. Wﬁ”e oné or more embodiments of the present

inventionehavedseensilitsttated in Aetailt thenskillechartisah wilh appreciate ahat mbdificationsoand

e s SRS DAL S AR AR o scop of e presen
interconnection to semiconductor die 124. The reconstituted
wafer 324 is singulated through encapsulant 326 and build-up
interconnect structure 358 with saw blade or laser cutting tool
360 into individual Fo-WLCSP 362.

FIG. 17 shows Fo-WLCSP 362 after singulation.
Semiconductor die 124 is electrically connected through build-up
interconnect structure 358, including conductive layer 352 and
bumps 356, to external devices. The properties of insulating
layer 350, i.e., high tensile strength greater than 100 MPa at
room temperature, high elongation between 20-150% at room
temperature, and a thickness of 2-30 um, provides stress relief
to reduce cracking, warpage, and other damage to the die during
the formation of build-up interconnect structure 358, including
insulating layer 354 and conductive layer 352. In addition,
insulating layer 350 extending into channels 312 and 348
protects an edge of the sidewalls of semiconductor die 124
adjacent to active surface 130 by reducing cracking or other
damage during formation of build-up interconnect structure 358.
The insulating material 350 in channels 312 and 348 also reduces
warpage during formation of build-up interconnect structure 358.

FIGs. 18a-187j illustrate, in relation to FIGs. 1 and

2a-2c, a process of forming a WLCSP with an insulating layer
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor die; forming a first conductive layer over a surface of the semiconductor die;

disposed over the die and encapsulant and into a channel formed
in the encapsulant for stress relief. Continuing from FIG. 3a,
an electrically conductive layer 370 is formed over active
surface 130 using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process, as
shown in FIG. 18a. Conductive layer 370 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 370 operates as contact
pads electrically connected to the circuits on active surface
130.

In FIG. 18b, an insulating or dielectric layer 372 is
conformally applied over active surface 130 and conductive layer
370 using spin coating, spray coating, printing, lamination,
PVD, CVD, sintering or thermal oxidation. The insulating layer
372 contains one or more layers of Si02, Si3N4, SiON, Taz05,
Al1203, BCB, PI, PBO, polymer matrix dielectric film, organic
polymer film, or other material having similar insulating and
structural properties. The insulating layer 372 follows the
contour of active surface 130 and conductive layer 370.

In FIG. 18c, a temporary planarization layer 374 1is
formed over insulating layer 372 and conductive layer 370 using
spin coating, spray coating, printing, lamination, PVD, CVD,
sintering or thermal oxidation. In one embodiment,
planarization layer 374 is applied as a blanket layer over the
entire semiconductor wafer 120 without patterning. The
planarization layer 374 contains one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al1203, BCB, PI, PBO, polymer matrix
dielectric film, organic polymer film, or other material having
similar insulating and structural properties.

Semiconductor wafer 120 is singulated through saw

street 126 using a cutting tool 376, such as a saw blade, water
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depositing an encapsulant over the semiconductor die; forming a first insulating layer over the
semiconductor die and first conductive layer; and forming an interconnect structure over the
semiconductor die and encapsulant, wherein the interconnect structure is electrically connected to the
first conductive layer and the first insulating layer provides stress relief during formation of the
interconnect structure. 2. The method of claim 1, further including: forming a first channel in the

semicondiictor GiE; ARG Farming e AR sty ISFEHGRIINE Semichbriubtst die and first conductive
layer and into the first ghannel.s31 Theomethod-ehglain 2, fusthes inedudingr carrier 380

containing sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 382
is formed over carrier 380 as a temporary adhesive bonding film
or etch-stop layer. Semiconductor die 124 from FIGs. 18a-18c
are positioned over and mounted to interface layer 382 and
carrier 380 using a pick and place operation with active surface
130 oriented toward the carrier. Semiconductor die 124 mounted
to carrier 380 constitute reconfigured wafer 384.

In FIG. 18e, an encapsulant or molding compound 386 1is
deposited over semiconductor die 124 and carrier 380 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 386 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 386 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 18f, carrier 380 and interface layer 382 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose planarization layer 374 and encapsulant 386.
Encapsulant 386 provides structural support for semiconductor
die 124 after removal of carrier 380.

In FIG. 18g, the temporary planarization layer 374 is
completely removed by wet chemical stripping process, or an
etching process with a patterned photoresist layer, to expose
insulating layer 372 and conductive layer 370. A portion of

encapsulant 386 is removed by LDA using laser 387 to form
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forming a second channel in the encapsulant; and forming the first insulating layer over the
semiconductor die and first conductive layer and into the second channel. 4. The method of claim 1,
further including: forming a channel in the semiconductor die; forming a second insulating layer over
the semiconductor die and first conductive layer prior to depositing the encapsulant and forming the first
insulating layer; , , , ,

channels 388 in the encapsulant adjacent to insulating layer

372. Channels 388 extend along one or more sides of

semiconductor die 124 or completely around the perimeter of the

die. In addition, a portion of insulating layer 372 is removed

by an etching process with a patterned photoresist layer to

expose conductive layer 370. Alternatively, a portion of

insulating layer 372 is removed by LDA using laser 387 to expose

conductive layer 370. The insulating layer 372 remains

overlapping conductive layer 370 after etching or LDA.

In FIG. 18h, an insulating or passivation layer 390 is
formed over encapsulant 386, insulating layer 372, conductive
layer 370, and into channels 388 using PVD, CVD, printing, spin
coating, spray coating, screen printing or lamination. The
insulating layer 390 contains one or more layers of S5i02, Si3N4,
SiON, Ta205, Al203, organic polymer, or other material having
similar insulating and structural properties. The insulating
layer 390 is cured. The insulating layer 390 operates as a
stress relief layer to reduce cracking, warpage, or other damage
to active surface 130 and conductive layer 372 of semiconductor
die 124 during formation of the build-up interconnect structure.
In particular, insulating layer 390 has properties of a high
tensile strength greater than 100 MPa at room temperature, high
elongation between 20-150% at room temperature, and a thickness
of 2-30 upm over semiconductor die 124 and 2-35 pm over
encapsulant 386. The insulating layer 390 extends into channels
388 to protect an edge of the sidewalls of semiconductor die 124
adjacent to active surface 130 by reducing cracking, warpage, or
other damage during formation of the build-up interconnect
structure. A portion of insulating layer 390 is removed by an
etching process with a patterned photoresist layer to expose

conductive layer 370. Alternatively, a portion of insulating
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forming a third insulating layer over the second insulating layer and into the channel; depositing the
encapsulant over the semiconductor die; removing the third insulating layer to expose the second
insulating layer; and forming the first insulating layer over the semiconductor die and first conductive
layer and into the channel. 5. The method of claim 1, further including: forming a second insulating

layer over the semiconductor die and first conductive IaYer prior to depositing the encapsulant and
fonnMgtﬁéﬂﬁﬁiﬁﬁﬁa&i)E?@Pved by LDA using laser 387 to expose conductive

layer 370.

In FIG. 18i, an electrically conductive layer 392 is
formed over insulating layer 390 and conductive layer 370 using
patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 392 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. A portion of conductive layer 392 extends
horizontally along insulating layer 390 and parallel to active
surface 130 of semiconductor die 124 to laterally redistribute
the electrical interconnect to conductive layer 370. Conductive
layer 392 operates as a fan-out RDL for the electrical signals
of semiconductor die 124. A portion of conductive layer 392 is
electrically connected to conductive layer 370. Other portions
of conductive layer 392 are electrically common or electrically
isolated depending on the connectivity of semiconductor die 124.

In FIG. 18j, an insulating or passivation layer 394 is
formed over insulating layer 390 and conductive layer 392 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. The insulating layer 394 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polymer dielectric
film, or other material having similar insulating and structural
properties. A portion of insulating layer 394 is removed by an
etching process with a patterned photoresist layer to expose
conductive layer 392. Alternatively, a portion of insulating
layer 394 is removed by LDA to expose conductive layer 392.

An electrically conductive bump material is deposited
over the exposed conductive layer 392 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen

printing process. The bump material can be Al, Sn, Ni, Au, Ag,

-51-



forming a third insulating layer over the second insulating Layer; depositing the encapsulant over the
semiconductor die; forming a channel in the encapsulant; removing the third insulating layer to expose
the second insulating layer; and forming the first insulating layer over the semiconductor die and first
conductive layer and into the channel. 6. The method of claim 1, wherein the first insulating layer has
characteristics of tensile strergth greater than 100 MPa at room temperature, elongation between

20-150%" At oy temperaftite Sand fHicknes& ot 2230 Mlictofrietérg®t, 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 392 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
balls or bumps 396. In some applications, bumps 396 are
reflowed a second time to improve electrical contact to
conductive layer 392. Bumps 396 can also be compression bonded
to conductive layer 392. Bumps 396 represent one type of
interconnect structure that can be formed over conductive layer
392. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The combination of insulating layers 390 and 394,
conductive layer 392, and bumps 396 constitute a build-up
interconnect structure 398 formed over semiconductor die 124 and
encapsulant 386. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 398 for
interconnection to semiconductor die 124. The reconstituted
wafer 384 is singulated through encapsulant 386 and build-up
interconnect structure 398 with saw blade or laser cutting tool
400 into individual Fo-WLCSP 402.

FIG. 19 shows Fo-WLCSP 402 after singulation.
Semiconductor die 124 is electrically connected through build-up
interconnect structure 398, including conductive layer 392 and
bumps 396, to external devices. The properties of insulating
layer 390, i.e., high tensile strength greater than 100 MPa at
room temperature, high elongation between 20-150% at room
temperature, and a thickness of 2-30 um, provides stress relief
to reduce cracking, warpage, and other damage to the die during

the formation of build-up interconnect structure 398, including
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7. The method of claim 1, wherein forming the interconnect structure includes: forming a second
conductive layer over the first insulating Layer; and forming a second insulating layer over first
insulating layer and second conductive layer. 8. A semiconductor device, comprising: a semiconductor
die;

insulating layer 394 and conductive layer 392. 1In addition,

insulating layer 390 extending into channels 388 protects an

edge of the sidewalls of semiconductor die 124 adjacent to

insulating layer 372 by reducing cracking or other damage during

formation of build-up interconnect structure 398. The

insulating material 390 in channels 388 also reduces warpage

during formation of build-up interconnect structure 398.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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a first conductive layer formed over a surface of the semiconductor die; an encapsulant deposited over
the semiconductor die; a first insulating layer formed over the semiconductor die and first conductive
layer; and an interconnect structure formed over the semiconductor die and encapsulant, wherein the
interconnect structure is electrically connected to the first conductive layer and the first insulating layer
provides stress relief during formation of the interconnect structure. 9. The semiconductor device of claim
8, further including a first channel formed in the sErfddRiuctor die, wherein the first insulating layer is
formed over the semiconductor die and first conductive layer and into the first channel.

What is claimed:

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

providing a semiconductor die;

forming a first conductive layer over a surface of the
semiconductor die;

depositing an encapsulant over the semiconductor die;

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

forming an interconnect structure over the semiconductor
die and encapsulant, wherein the interconnect structure is
electrically connected to the first conductive layer and the
first insulating layer provides stress relief during formation

of the interconnect structure.

2. The method of claim 1, further including:
forming a first channel in the semiconductor die; and
forming the first insulating layer over the semiconductor

die and first conductive layer and into the first channel.

3. The method of claim 2, further including:
forming a second channel in the encapsulant; and
forming the first insulating layer over the semiconductor

die and first conductive layer and into the second channel.

4. The method of claim 1, further including:

forming a channel in the semiconductor die;
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10. The semiconductor device of claim 9, further including a second channel in the encapsulant, wherein
the first insulating layer is formed over the semiconductor die and first conductive layer and into the
second channel. 11. The semiconductor device of claim 9, further including a channel in the encapsulant,
wherein the first insulating layer is formed over the semiconductor die and first conductive layer and Into
the channel. 12. The semiconductor device of claim 8, wherein the first insulating layer has characteristics

of tensile strengt? Gt fhafi o0 MPR At HbB M e petifife Cel6hgativh FEMEEN BB $56% at room
temperatyre; anddthickness eba@@dnictemetsfsr prior to depositing the

encapsulant and forming the first insulating layer;

forming a third insulating layer over the second insulating
layer and into the channel;

depositing the encapsulant over the semiconductor diej;

removing the third insulating layer to expose the second
insulating layer; and

forming the first insulating layer over the semiconductor

die and first conductive layer and into the channel.

5. The method of claim 1, further including:

forming a second insulating layer over the semiconductor
die and first conductive layer prior to depositing the
encapsulant and forming the first insulating layer;

forming a third insulating layer over the second insulating
layer;

depositing the encapsulant over the semiconductor die;

forming a channel in the encapsulant;

removing the third insulating layer to expose the second
insulating layer; and

forming the first insulating layer over the semiconductor

die and first conductive layer and into the channel.

6. The method of claim 1, wherein the first insulating layer
has characteristics of tensile strength greater than 100 MPa at
room temperature, elongation between 20-150% at room

temperature, and thickness of 2-30 micrometers.

7. The method of claim 1, wherein forming the interconnect

structure includes:
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forming a second conductive layer over the first insulating
layer; and
forming a second insulating layer over first insulating

layer and second conductive layer.

8. A semiconductor device, comprising:

a semiconductor die;

a first conductive layer formed over a surface of the
semiconductor die;

an encapsulant deposited over the semiconductor die;

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

an interconnect structure formed over the semiconductor die
and encapsulant, wherein the interconnect structure is
electrically connected to the first conductive layer and the
first insulating layer provides stress relief during formation

of the interconnect structure.

9. The semiconductor device of claim 8, further including a
first channel formed in the semiconductor die, wherein the first
insulating layer is formed over the semiconductor die and first

conductive layer and into the first channel.

10. The semiconductor device of claim 9, further including a
second channel in the encapsulant, wherein the first insulating
layer is formed over the semiconductor die and first conductive

layer and into the second channel.

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

channel in the encapsulant, wherein the first insulating layer
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is formed over the semiconductor die and first conductive layer

and into the channel.

12. The semiconductor device of claim 8, wherein the first
insulating layer has characteristics of tensile strength greater
than 100 MPa at room temperature, elongation between 20-150% at

room temperature, and thickness of 2-30 micrometers.
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