SEMICONDUCTOR DEVICE AND METHOD FOR FORMING SEMICONDUCTOR PACKAGE HAVING
BUILD-UP INTERCONNECT STRUCTURE OVER SEMICONDUCTOR DIE WITH DIFFERENT CTE
INSULATING LAYERS 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
semiconductog:s%acka e having a build-up interconnect structure over a semiconductor die with different

CTE insulating™&eSHRYE %& SR METRPE TR RRRMINR FEHHERNE Uit sulating
layers are optimiémtaﬁe%}{ Y% EYakReHE Iﬁgﬁﬁﬁw STHRE SAVER RV ER

EMICONDUCTOR DIE WI1TH DIFFERENT CTE INSULATING LAYERS

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 semiconductor package having a
build-up interconnect structure over a semiconductor die with
different CTE insulating layers to create a gradient dielectric
across the interconnect structure. The insulating layers are

optimized for adhesion to the adjacent layer.
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 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 YBHTESHICtO d&VicesTREILbEMCAdcontoN Bl Milcfoprotesdrs: Shargelteatiled devices

(CCDs), salateells; anddigitad maigros mirrendeiicess(RMDsht e gr a t SSEMiISONEUEiOn devices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electromAgneticsigndls; &stirdiirg SIERHERIR devicks, BRSOy SiiGht toc&%ﬁﬁ:%, and creating
visual prejectionsdos talevision displays. Semigonductos fdevices aterfoiund if the dielalsaf @ntertainment,
communicgatigns, power conversion, networks, computers, and consumer products. Semiconductor
devices &t8 ‘at$S fouhd iR ilitary applications, aviation, automotive, industrial controllers, and office
equipment. Semicdnduciorcdesicesexpleit theelectricak propéstiessafiggemitonductor materials.

The atoij% rsltr!éc::Lt(LDJres 01; leemicggdgg_;torrl glateri%lcallé)\slvls its e e(l:trﬁzglsc%ndéjcgg'&% tolg% {Tglannipulated by the
application of an electric field f basé Curreht or t%rougnﬁfhe pr%cesgo? oping. Boping introduces
impurities irno thel semicpneludtor enatériakto mariptlatenapd €ontrobtherconsluctivitycafthé semiconductor
device. A semlcggg]LlJctor de&gce contains aCtlveu%qdl (gﬁﬁsél%e eleelcénccarl fg%turesa.n,ﬁéptlve

electronicC ces, T orming s o) .
structures, including bipolar and field effect transstgrs, contr low of electrical current. By varying

levels of dopingiard applicatiomop ar etectric figldrortrasevcusiert, thesransistor either promotes or
regﬂcst§84¥¥%85%88%¥ahgy?%gsP§§§V%ound in the fields of entertainment,

communications, power conversion, networks, computers, and
consumer products. Semiconductor devices are also found in
military applications, aviation, automotive, industrial
controllers, and office equipment.

Semiconductor devices exploit the electrical
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



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 Potentfally undretis"of stefs Froft-end N&%fﬁﬁﬂﬂﬁﬁml\?& theforMiaficiiof8 plurality of die

on the sugfacerof @sgmisonductoewalern Each semicanductardie ds-typically identicakand contains
circuits formed by electrically connecting active and passive components. Back-end manufacturing

involves SiRGIALIAG MdITidaarséthidthdUSHr die oM the fhfshed wafer and packaging the die to provide
structural support and eayiterynentat ispladioni the term "spmisonductondie’ asdiseddieramineders to
both the 1s_‘in%ular angéjlural for% oftthe words, and accordingly, can#;efer to both a single semiconductor
device and' MultiPie s&mMikHAUCESH dEVIES. P OCCS By gaal Bf semicOhduttst manufacturing is to
produce small€=gsemicondiicton devisces.-smaller=derMiees typically coastimeress pawer, have higher

performang%,ear\lr%d c:i%k])eﬁ)ro uce?g more e iciently. Ln addition, maIIerEemlconductor devices have a

1 nar S Steps. ront—-e manufacturi inyvolves
smaller fc?otprlnt, which is desirable for smaller end proé)uc s.“A‘smaller sémiconductor die size can be

achievedtheinfprovernents infthe frohtead precess résalting inlsemsconTuctoradie avith smaller, higher
density acS:tei\ﬁ]e and ggﬁ%ige con onent%aBCa}gk-end. %@gﬁlsl%%somagirgsglg inCsemiCc%uguctor device
i n

con er. seml . 1 . .
packages with a smaller footprint J[ﬁ)y improvements in e ectrical interconnection a pgckaglng materials.

A build-updetetcormectstiuctare sicommonlyformed overd sermiedrductarcdie ¥or electrical interconnect.

The 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
interconnection and packaging materials.

A build-up interconnect structure is commonly formed

over a semiconductor die for electrical interconnect. The



build-up interconnect structure contains one or more insulating layers and one or more conductive layers
between the insulating layers. The insulating layers are subject to cracking, particularly during
temperature cycling tests, due to coefficient of thermal expansion (CTE) mismatches between adjacent
surfaces. The insulating layers often exhibit low tensile strength and elongation with surface wrinkle and
weak adhesion to the adjacent layer due to a non-optimal curing profile. The defects in the insulating
layers of e bHildHHp thteFedretestructire febd 6 Iswermantfactifiry v and Righer Ed€td Summary

of the InvesiieRs and Jneeed existsfor arulildtup, ntargpprectstucias aves aisemicandugior die
which is robust against cracking and exhibits good adhesion to the adjacent surface. Accordingly, in one
embodimenY. She predeh invention i< B%sehii€6AdudbFdENEe E6mphiting 4 §émitdnductor die and
encapsulaat-depoesitedioved afirstswiagesefdbesemigonduciordie and araund @ peripheral region of the
semiconductar die. A first insulating layer is formed over the encapsulant and a second surface of the
semicondUtTar di6 SEPbsiA tHe Al Sirfaed oF the Somtcordudtor BEVWIH mUTRE SRl curing cycles to
enhance adhesiontto ¢he semiconducter die andencapgsulant Asfirst cenductivedadyerlis formed over the
first insulgélgrrl1 I.a%/er. A secor%qjinésrlljlfgtingolgﬁer is formedﬁ_gver th&first insulagi}rl%la‘%/eé1 and first conductive

. lfe S endg. atlion 1 u e wrin n we .
layer with"multiple dwelfl cu?lng cycles to enhance adhasion 16 thé first insula ing layer and first conductive

layer. In anidther embodimeént, thejpresent ihwgntionlisca to a non-optimal curing
profile. The defects in the insulating layers of the build-up
interconnect structure lead to lower manufacturing yield and

higher cost.
Summary of the Invention

A need exists for a build-up interconnect structure
over a semiconductor die which is robust against cracking and
exhibits good adhesion to the adjacent surface. Accordingly, in
one embodiment, the present invention is a semiconductor device
comprising a semiconductor die and encapsulant deposited over a
first surface of the semiconductor die and around a peripheral
region of the semiconductor die. A first insulating layer is
formed over the encapsulant and a second surface of the
semiconductor die opposite the first surface of the
semiconductor die with multiple dwell curing cycles to enhance
adhesion to the semiconductor die and encapsulant. A first
conductive layer is formed over the first insulating layer. A
second insulating layer is formed over the first insulating
layer and first conductive layer with multiple dwell curing
cycles to enhance adhesion to the first insulating layer and
first conductive layer.

In another embodiment, the present invention is a



semiconductor device comprising a semiconductor die and encapsulant deposited over a first surface of
the semiconductor die and around a peripheral region of the semiconductor die. A first insulating layer is
formed over the encapsulant and a second surface of the semiconductor die opposite the first surface of
the semiconductor die. A first conductive layer is formed over the first insulating layer. A second insulating

layer is formed over the first insulating layer and first conductive layer, the second insulating layer
includingSCRIE aftfereitthad @VE B ot tinEGlating FaYer °RAUCt of SHdthérémbodiment, the
present iaveniioais ansenaispaducterndeviee camprising & semicandyctaridie apgl firstiasating layer
formed over the semiconductor die with multiple dwell curing cycles. A first conductive layer is formed
over the firsE iUt IaYer. A SStohalifsdating Byer iforhed ovel it Mstfatihydayerand first
conductiviei layer. i nsuladfaqotheyemhbodimentdhe present irventionds alsemicanducior device
comprising a semiconductor die and first insulating layer formed over the semiconductor die. A first
conductivelayBris TBEq Bve e first FRLIATRG 15yt A S ORISR g Rser Bomed over the first
insulatingslayer and dirsticonduethe-layen dhersetond insulating tayes has a-Gkeedifferent than a CIE of
the first ir}soul%t(ier}g Iggg% rief D slggipftiorrllts)f tlhe Dglawitﬂ%s%e FI%. (1Drillglstrrallte aECnB with different
types of pacﬂages mounted To 1ts'str ace:"" aﬁés?Za- |ﬁu'straﬁe firiver detait o ﬁwelre%resentative
semiconducterpackagesmeounied to tieePCB; $H1G$n3a-Betiliusirate aesensioonductertwafer with a

conductive layer, the second insulating layer including a CTE
different than a CTE of the first insulating layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
insulating layer formed over the semiconductor die with multiple
dwell curing cycles. A first conductive layer is formed over
the first insulating layer. A second insulating layer is formed
over the first insulating layer and first conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
insulating layer formed over the semiconductor die. A first
conductive layer is formed over the first insulating layer. A
second insulating layer is formed over the first insulating
layer and first conductive layer. The second insulating layer

has a CTE different than a CTE of the first insulating layer.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

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

FIGs. 3a-3c illustrate a semiconductor wafer with a



plurality of semiconductor die separated by a saw street; FIGs. 4a-4i illustrate a process of
forming an ECWLP package having an interconnect structure over a semiconductor die with different CIE

insulating layers and each insulating layer optimized for adhesion to the adjacent layer; FIG. 5
illustrates the ECWLP package having an interconnect structure for a semiconductor die with different
CIE insulating layers and each insulating layer optimized for adhesion to the adjacent layer; FIGs.

6a-69 illustrafe?andtheP protels of RotHfing an ECWA FPpadkage My &R ItéFdonfkét structure over a

die with different CIE instdatingalayers and eaeh insulatingdayereptisrized feriadhesionstoithe adjacent
layer; and FIG. 7 illustrates the ECWLP %ackage having an interconnect structure for a

semiconditEPGiE With diftdréit CIRGRSNSANG fyerd AHE BRER inslf&tiny RFEr 6ptiizeb3or adhesion to
the adjacentlayetDetated Deseription ehthe 1RrawidgS. ayers and each insulating

layer optimized for adhesion to the adjacent layer;

FIG. 5 illustrates the ECWLP package having an
interconnect structure for a semiconductor die with different
CTE insulating layers and each insulating layer optimized for
adhesion to the adjacent layer;

FIGs. 6ba-6g illustrate another process of forming an
ECWLP package having an interconnect structure over a die with
different CTE insulating layers and each insulating layer
optimized for adhesion to the adjacent layer; and

FIG. 7 illustrates the ECWLP package having an
interconnect structure for a semiconductor die with different
CTE insulating layers and each insulating layer optimized for

adhesion to the adjacent layer.

Detailed Description of the Drawings

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



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
equivalertd AsUPPOREdHY IRE F61Foting HistIOSTE Shd ‘draivilits. SemiBaRdiAaT dévicss aftfgenerally
manufacted using twe cemplax-magufacturng-prosaesses: froat-end manufactuiring anghkack-end
manufacturing. Front-end manufacturing involves the formation of a plurality of die on the surface of a
semicondutt8Avafdr. Bick diRIOH thewife? cofitding Bctiviarid pagsife ®fectrical components, which are
electricallyegonnestad-todformdgaetionat etectriciad ciseuitsh Aclive electical companents;sueh@s
transistors and. diodes, have the ability to control the ﬂo%Of electrical current. Passive electrical

compondhits’ SUER a3 CApacitSrs. indttiora Sresistors” afidl transfoTmers create d réiaidishis between

voltage and ciwtent heaessasy 40 perferm eleciricat tircuit functionstive ellRassiveand active

component% a%eng)rrgsed over the surfq:%encs)f. thg semlc%gdtécf[o%veygfer b!v% series gfbpr cess Ig})eps

includingccf)op?ng, d%poéition, hh(‘)a'tsolit ograpjhsy, %fc%ir?g, andl&anar’lzaﬁlon. Doping introduces Impurities
into the senricorductérematerial by tedlmidguescsuchcas iornimplaftation ve thermat diffusion. The doping

process mogfies the electical conducivity of semicanductor material nactive deviges, transforming the
semiconductor material into an inSulat r, conductor, or ynamlcaﬂy changing the semiconductor material

conductivityain sésporsesto arreleteicHieid bebase sbarenb Jransistor>dontam regibnsiefnarying types
and degrgg% gg gggi{/}gtacgr%*éggflo%n%qeesgﬂyi@aﬁnac@; yﬂf‘i ttra@%iﬁtcag 1 promote or restrict the flow of

electrical current updn the ‘application of the electric field or base current. Active and passive
components are formedadislayerscafimatetialswitediffarenttaleetricalimopediesvThe tdyfers can be

formed by a variety gkdepgsition technigues determined ;i part by, the type-ofmaterial bejng deposited.
For example, thin film deposition can involve chemical vapor deposition (CVD), physical vapor deposition
G“”»1e@@ﬁéwﬁé%ﬁnﬁ@péﬁa, deposition, photolithography, etching, and

planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
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 technigques 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 6ftRE Urdef§ingRagér b patEnEasin afcthér embodimentIfeS36Hiod of the photoresist
pattern nphsukiected te dght the pegativenpheteresist; isdenmvedrisinga sehestexposing portions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a

patterned RYBP AL fativily, Sonre fyped of iARASIS S8 e &r By dREERIG85SSsiting the material
into the areas or voids Tersnad by agprevious slepasitionteieh process pistgtechnigyessugh as electroless

and electrolytic platin Depositing a thin film of material over an existing pattern can exaggerate
the Undefing battafi AN ErediE 2 RoR Gy fat Liifade. AU ol FRESeHackls réqdired to
produce smallerand atore deaselypackeg active and passivercomponentsRlanatization can be used to

remove rgtaterial from tige Eu(r)]}glce of thec\(/)vafer ar1éjoproduce a ucnoil:_pémly ftlat surfacellila&arizaq%n involves

polishing hé %ﬁﬁ%@g of the Waret vﬁ%ﬁoa pIBﬁs‘Thklng pa(ti.hinpakﬂ)?aswe material and’corrasive cherical are

added todhe sarfacel bithetwafeneuring tpotishing. The combinetemeshapieakactionsoftibe abeasive and

corrosive actiPn %f the chemical removes any irregular topograph iresultin in a unif I}(1 flat surface.
Back-en& %anb?actfurjl'r?g }:e%nrosvt%%cu%tfnlgngr ¥sinsgouq[gt|enIE;tCt‘negh}ﬂ%%hyedn \%a%?%t(l)?ﬁg inoc(j)tlrv%ugl die and then
packagingrtie die/ forstruetiral Suppott @d epvirsiimentahisetatiphe To sifgufatedhe serticonductor die,

the watfet s scored and proken along non-flinglinal regions of the waler galled saysireets,ar scries.

The wafer Is singulated using a laser cutting tool or saw blade. Aftér singulation, the individual
semicond\fgeritdigare mdunited i¢ b packagensalistatethagineludles\sing or egmastpads for

interconnegtion with ofher system companents. Gontact,pads formed,qyes the semiconductor die are then

connected to contact pads within the package. The electrical connections can be made with solder

bumps, stfd Blmp_hesHaREVE pasfe, SR IANHBNIS SAN Ergapsilantorothat FfoldiRg Matsaal-is

deposited overthegqiackage tq pravide physical supportiand;electricgl isplations The finishedpackage is
then Inserted into an electrical system and the functionality of the semiconductor device is made available
totheoﬂﬁﬁ@@é&%ﬁ@@nﬁ%ﬁeﬁ%ﬁerial into the areas or voids formed by a

previous deposition/etch process using techniques such as
electroless and electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or



FIG. 1 lllustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a plurality of semiconductor packages mounted on its surface. Electronic device 50 can have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 can be a stand-alone system that uses the semiconductor packages to perform one

or more éleBicarfuntorn AlterRztReRA electivhic@éice B8 cardoe’a SeBlomMpBnéntofd firger system.

For examplekelgatrenic devicesOrean be parttafancellubphones personal digitabassistant (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be

a graphics%ra ‘nétihvork itefACE Bt 6r bltfer St protesking i th n'6e fHsetted into a
computer dhessenaicanducine packagecavincligedpicsoRrdcessprs nMesoritise application specific

integrated c;r(;u(i%s (SASICQ Iogictcircuits, anal%% circuit}, RF circuits, discrete c#evice , or other
semiconditdr die 37 LlECtics comPonents MiniaturlzStioRcand waight rédUttivh%te &&88Mtia for these
products 1@ beracceptethy theoharket sEhe distance betiveen sehigonductomgdeviees must be decreased
to achievgnhégherdder?itg In FIG. 1, PCB 52 prg\{liggseg gceoneral suqﬁstrate forgtryctucrgl support

. vidua emiconductor die are 'm a_ pac e _substrate.
and electrical interconnect of the semiconductor packages mounted on the PCE Conductive Signal traces

54 are fotrhed overasieface onwithin layersaoftPEBGL ising evaporations electrolytic phating, electroless
plating, sg;:eﬁe&prisntggé ar gthnger s%g%tglse me@l gggg%itio% ggocggémglgna!]g%c%%g4 provide for electrical
communication batween each bf the semiconductor pa&ages, mountedjcomponents, and other external
system corponents: Traces’84 alsogrotide powerearideground conhectionsatdseachtdfithe Semiconductor

packages, ., . . In spme embodiments. a semiconduictor deyioe has two pagkading levels. First level

packaging Is a technique for mechanically and electrically attaching the semiconductor die to an
intermediateeanrie? LSecondiievel packdgitiglinvolves hrechanically dpdrsléctrically attaching the

intermediate. garier 10, the, PCB. I pther emboriments, a.semicopdycior deyice may eply have the first
level packaging where the die is mechanicallyand electrically mounted directly to the PCB.

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
plurality of semiconductor packages mounted on its surface.
Electronic device 50 can have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 50 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic

communication device. Alternatively, electronic device 50 can



For the purpose of illustration, several types of first level packaging, including bond wire package 56 and
flipchip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat nonleaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of

semicondiictdr FERRGES Scoitiglired RN CoMBIRaRGT of first and setbhG Tevet Baekaging styles, as

well as othes etectronic eernponents, cambesonnectedda PGB 525 In-saipeembodimeats, electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconndttEd PAKAGEST BY 2ohifinG Bhe St mBriCsEmicbnBE0F patkages SVE A Sifigle substrate,
manufactusersicantinearporate pfednade cgmposantsintouelestranis teyjcesantsysterms.iBegause the
semiconductqr packages jnclude sophisticated functionality, electronic devices can be manufactured
using chédper Tons ]%Célﬁi’stghd %Fst%hﬂﬁ}h]eﬁsmaﬁ&f%%ﬁﬁ%% §%Xé§§ Sr'heol%sﬁﬁ?‘ﬁﬁrdevices are less
likely to faiband dessuexpensi/ectoanarufactiire casultiaghiroa dower .cost foriconsumess.i on andrIGs.
2a-2c¢ show .exgEan%r semiconductor packa,é;eslFlf%.rZatwgsterate]_ggggh%rsdectail of DIP 6é1 mg nted on

PCB 52. Semiiconduc &%éoﬂl inclades an active region con%alnitﬁg ana?og or aigﬁgl Sircuits implemented

as activeldevides, passiee devites, conductive layers;cand dietectricldyersoformed within thesdie and are

electrlcalyeln%ger%(%réréescé%d_ ggc%r%%g%t\cf) ethg el%cetgc%edrgasslgtn of the die. For example, the circuit can

include one or more transistors, es, mdh%tors, capacjl'to?]s', resistors, and other circuit elements formed
within the active regiontof sefiicohduétoP dieZ7 £ :ContdetspadsiFe arsdne ob atore tayetsof conductive

material, suc @s gluminum (A1), CORREL(GH). 1N (3R). Nigkel (N1, Qold (AY). o silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor packages mounted on the PCB. Conductive signal

traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

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

For the purpose of illustration, several types of
first level packaging, including bond wire package 56 and
flipchip 58, are shown on PCB 52. Additionally, several types
of second level packaging, including ball grid array (BGA) 60,

-10-



semiconductor die 74. During assembly of DIP 64, semiconductor die 74 is mounted to an intermediate
carrier 78 using a gold-silicon eutectic layer or adhesive material such as thermal 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
particies HoFPeaRq e BAEkag aid cBRtariHatng Samicmdberoh eRE 74 31 Bond wird 85

FIG. 2b Ilusteates further detail efeB Cid mosnted ap HOR 52vBemicmdugtordie 884s maunted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Bond wires 94 provide first level
packagingAETEomiEct BEfveeH Eantdr pads'osand 98! Molding drTolid GréncapRtifant 100 is
depositechoversemisonduetor die 88 apdhondyvires 94 to.prasyde: physieal siippadrang, elgatyical
isolation for t%e de\t/ice. Contact i%ads 1%2 are forme%tover a surface of PC\; 52 u%ng a suitable metal
deposition PrEcEsEdith &< eltctoly e pratingrorElScsigss plating 18 prévent bxitiatioh. Contact pads
102 are eteatricalhtdennected torene anmase condudtavessigpaldkacesrofl iIntRCBH2. Bumpesi 104 are
formed betweecr}fcontait p%ds 98 of BCC 62 ang contact p@ds 102 of PC% 5t2' peg. 540 FIG. 2c,
semicondUctor die 58 is Totnted face down 1o ntermadiate carfier 106 with & fllpcﬁip Style irSt level
packagingoAectiventegiom& 08 ©f semiconductor die b8 contding analogeor digital eirtaits Implemented as
active devicgg1 %%?ivsee%%\éi%%% ccc)@ggcti\éeckggers, am%li i%'%‘s’{i%%y%ﬁﬁﬁgﬁ"ﬂ%% agcorgg‘igltoftgg electrical
design ofatF]e db|e. or example, the circutt can cllide one or more transistors, diodes, inductors,
capacitorsi fesistdrs, antotiencirctiteelementsawithin active tegibm 108y Senficorductaradie 58 is
electrically.and meshapisall,caanepted 9, carrier 106JROUINADRS 10y 2 BEASQS electrically
and mechanically connected to PCB 52 with a BGA style second level packaging using bumps 112.
Semicondadtoi Hiec3P izreléetricaly temtected iy semductive sigral fraces B49n POB 62thrugh bumps
110, signal lines, 114, and-hunps 112. Admeldingycompound of epcapsylant, 146 is deposited over
semiconductor die 58 and carrier 106 to provide physical support and electrical isolation for the device.
The flipclfipRehficardictor device providesta sher @fdctreal eonalictisp&thfréifi the active devices on
semiconggtor-die 5810 candugtion fragks on RGB 5247 oLder{g reduce signal prapagation distance,
lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor

die 58 cahBBfrieehanitaly BRd efetirical ftonheéiettdirsttly 33 PCB 52 RN fipchip sty first level
packagingwithout inteesediatg eartierd 060 manurhlG3asheusasemjcanductaryyater dg9with a
base substrate material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon
carbide, foP stracfiP&M&ipport. A plurality of semiconductor die or components 124 is formed on wafer 120

sepqrated by a non-acti\z@.ginte:g-cgﬁ@ wa&r@;e@;@@@%&tgeqiégﬁq@@gsﬁ@@d@gyggggw s_treet 126

provides cuting areas {0 singuiate semicqnaeiprwafer 120 It indvidual semicondpsior gie 124
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 pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are

electrically connected to the circuit elements formed within
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FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and active surface region 130 containing analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed within the
die and electrically interconnected according to the electrical design and function of the die. For example,
the circuit may include one or more transistors, diodes, and other circuit elements formed within active

region 13TBLAIEMERCANAISG cifuits BPAIGRE GretREPduchPds HibftaPSignISHtbEesstib3P), ASIC,
memory, o1 other signal praeessingciscuits Semigerducter diel2A-may @lsoscenfa igtegrated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one
embodimeht, 'SEmicEHGTbr Gie 'S LfipeRiPType Qid"a teT L2 ArtdigBrially B6Adlittive layer 132 is
formed oxgiastiversutaseyl 30using PViD,CYBcrlegtrotydia platingl etectrolessiplating proeess, or other
suitable metzlﬁ%g%osition rocess. Conductive layer 132 can be one, or more Ia(gers of Al, Cu, Sn, Ni, Au,

Ag, or othét [el8Et faé]éﬁ)? oﬁ(]fﬁ?&iv%%gt% il Conductivé ?5%? 132Co%ré Hek%s cloeh?gcct pads for

the circuiton adtive sdrfade 230.5Qontact/pads £32 can beadisposesrsidedyesideatfirskdistance from
the edge of seml%%pdéjtctor (18\e 12 4Ag%@a§¥gly5 ontagtnpads 1 éeggg ?E o.ffsegglln mult{pl%rows such

that a first Tow of coHtac?f)a sis iSposed a first distance fron th e of the die and a sécond row of

contact padsaltelhratingokithy theffirst row isrdispesetha secone distamcecyomrthe esdgeraf the die.

An |n§ulargg ar lpraésslléllgt 0?3 Iayéer %)fé Jds Jtﬁorr(rjnmedecr)l\]éeerraicrtllve alljga}g% C_}J:(SQ aen.da%%ductlve layers 1_32 for
electrical isolation using PVD, Vv , printing, spin coating, spray oatlngq, sintering or thermal oxidation.

The insulating ¢éayerd34rcontaing opedranore layers’of sofddraesist silicondioxide (5i02), silicon nitride
(Si3N4), silicon oxynitrjidPG(.Siggl),it@@l&rpaoteggo@ggé%%%O%e@lgﬂingrp Qxide (Al1203), or other material

having similar insulating and structural properties. A portion of insulating layer 134 can be removed by an
etching on PCB 52. Semiconductor die 88 is mounted over carrier 90

using an underfill or epoxy-resin adhesive material 92. Bond
wires 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit can include one or more transistors, diodes, inductors,

capacitors, resistors, and other circuit elements within active
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process through a photoresist layer to expose conductive layer 132. In FIG. 3c, semiconductor
wafer 120 is singulated through saw street 126 using a saw blade or laser cutting tool 136 into individual
semiconductor die 124. FIGs. 4a-4i illustrate, in relation to FIGs. 1 and 2a-2c, a process of
forming an embedded chip wafer level ball grid array (ECWLP) semiconductor package having a build-up
interconnect structure over a semiconductor die with different CIE insulating layers and each insulating

layer optihfiZed for dbhesiotPBtRe HdLert 1&Ver. RIE. U S a sthsttdte®itarrier 140 containing
temporanyofisaghiticialRasecmateriad gueh as silieoarpalymer nheyylinm-oxige, ariather suitable Low-cost,
rigid material for structural support. An interface layer or double-sided tape 142 is formed over carrier 140
as a temporary adhesi@&%oﬁﬁinb%ilﬁl(ﬁ'cettéﬁ-% Pyapd mechauGrihquaBPaR IS4 b FIGS. 3a-3c
is alignedPwih andwneuntedaacasiier k4 swith irsulating layakk34; orignteditowarditfiescartier. FIG. 4b
shows semiconductor die 124 mounted to carrier 140 wjth insulating layer 134 bonded to interface layer
142, SCHFRIE Y %h Eicapdilant of niotding Compound 44 ?%eé%pto%itga '5v8F 5hd Around
semiconducioradie tli2dadsing a paste penting, donpressivemalding) transfen aioldihgekguid €ncapsulant
molding, gggu%m Iamiriafl;[ié)p, SB\inH%)f\gQg, or other suiéabolg agﬁlicator. EnCtapflf@ng_ %44 can be polymer

composite ma &rial, such as epoxy resin \ﬁithcﬁﬁlé??élﬁoxy acry ate ]\Cfvsltﬁjfﬁlrér, or polymer with proper filler.

Encapsulzap 444 isdoncendustive anddanvironmentallygpretetisthersemicbAductor device drom external

elements and. Goniaminants, In Bl 49 8 aorion, of back syrfage 16 ol e gevice. The
flipchip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using 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
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 a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface region 130 containing analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die

and electrically interconnected according to the electrical
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encapsulant 144 is removed by grinder 148 in an optional back grinding operation to planarize the
encapsulant and expose back surface 128 of semiconductor die 124. The grinding operation reduces the
package profile. Continuing from FIG. 4c, carrier 140 and interface layer 142 are removed by
chemical etching, mechanical peeling, CMP, mechanical grinding, thermal bake, UV light, laser scanning,
or wet stripping to expose contact pads 132, ins,ulating{layer 134, and encapsulant 144, as shown in FIG.

4e. St E1G 22€ ah insiliatiiy 6 diefeetic Ryer 158 iSfotietover Msutatiigialer 34,
encapsulant 144anshtheaxpased conddetive:layer, 132 vaing,lamination, sereenprinting, slit coating,
spin coating, or spray coating. The insulating layer 150 contains one or more layers of low temperature
(less thafT %%@@?Eﬁriﬁ& PO diliur GhatErials 3R as 10w t8mpBPAGRS Alre TG Htide tone
polyimide- (R}, posiivertone potybenzoxazoles (PBS )k mansplidtgsenrsitive palymes tielectrsie with or
without fil el ?5 otheé sgitable dielectric matekqial. In particular, insulating layer 150, is patterned and cured
for optimal 2dHesidiT to-condtbale fayer 135" Hsuftifgday &34 ARd ShcapsTant 144 of semiconductor
die 124. The tunng processdarinsalating yayer db0davialyes aimukiestap civellqpefilece.g., with at least

three diffgrent dwell gﬁ%ss to enhggce mechgnical and adhesion{)ropertieséo con c%ive layer 132,

du
insulating %‘9@??54 nd en)c’apgbllant 144 unaer ije];s%(lrecgg&%lr éjs]ftS(PCaIJ}, e.g(.:”,s>l4°0 OI1<:gS/(:m2 for 0 to

200 hours enbiisedihumiditp accelerdted stre$s testimgubAS I ewithostintroducing sorfade svrinkle after
curing. T?% uIti-stegfgv.v Ilgrofil% incIudC?.s a first dwell step with a temperature less than 100C, e.g.,
70-90C, fo I?0}950 minutes fo remove solvent and moisture, second dwell step with a temperature
between 120-150C for/30-60 eninutes: bhd thivd dwetlistep Withear tedgeraturé betwden180- 240C for

60180“2%%@@6 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 for 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. Alternatively, contact pads 132 can be
offset in multiple rows such that a first row of contact pads 1is
disposed a first 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.

An insulating or passivation layer 134 is formed over
active surface 130 and conductive layers 132 for electrical
isolation using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 134
contains one or more layers of solder resist, silicon dioxide
(Si02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum pentoxide (Ta205), aluminum oxide (A1l203), or other
material having similar insulating and structural properties. A

portion of insulating layer 134 can be removed by an etching
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The insulating layer 150 has a tensile strength >100MPa, high elongation >20%, and modulus <3.0 Gpa
under 25C. In particular, a CIE for insulating layer 150 is selected in the range of 30-90 ppm. A portion of
insulating layer 150 is removed by an etching process, for example UV exposure followed by wet
chemical developing, or laser (UV or excimer laser) via drilling only, to expose conductive layer 132.

In FIG. 4g, an electrically conductive layer or redistribution layer (RDL) 152 formed over insulating layer
150 and Editftictive Tayeris2 dsikg aipatteting ahdnetat depEBIfSH processSuthas!spifttering,
electrolyticsplating, and electroless plating. Conductive layer 152 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, titanium (li), tungsten (W), TiW/Cu, Ti/Cu, or other suitable electrically conductive material.
One portion of conductive é{/gr 152is Eﬁ%ﬁfﬁ‘éﬂ?g%ﬁ&tgé%Eoﬁ&&ctﬁ/@ 18y &32 6 Semiconductor die
124. Othempertions o eorduciive lays 1b2iean be elactrcallycommon ©f eleaireallydsalated depending
on the design and function of semjiconductor dje 124. FIG. 4h, an insulating or dielectric layer
154 is formed 6V&ing ﬁﬁj%%}%’ 150 e CShHtictbe fHyer ]l%% ‘using lamination, screen printing, slit
coating, spin coating, arSpsay ¢eating. Theunsulating layer A54contains ONeE BEmore layersaftow
temperatyre (less than 250C) curing polymer dielectric. materials, such as low temperature cure negative
tone P v BRCE0, Ao o eethe TURTHA ettt A o oL LT Lor Ghbt suitable
dielectricamateyial( Bepakicutarminsalaiing taye rkbzkis qrattesrvechgnd chredlLtor wptimal adhesion to
insulating Jayet. 159 and conglugtiye layer, 452- Thesuring process fog nsulating layercLe Jnvolves a
multi-step dwell proftljle, e.g., with at least three different dwe Psteps, fo'enhance mechanical and adhesion
propertie§ T& insutatingtayer 150 and canductpetlayersi82 onder RPOTse.grps400 kg mZofor 0 to 500
hours uHAST. without intiaducing surface wrinkle after curing The muli-step, dywell profile includes a first
dwell step with a temperature less than 100C, e.g., 70-90C, for 30-90 minutes to remove solvent and
moisture csecoherdwdlPstepWitha iewperitiersetiveen 1920-1830C $3r230-66 3rinutdse hihd third dwell
step with 4. temperatiye between, 1802400 for 60-180 minytesse, or Jhednsuating jayer 154 has a
tensile strength >100 MPa, high elongation >20%, and modulus <3.0 Gpa under 25C. In particular, a CIE
for insulatifi T&T 154115 Sefected &5 Beé Hifferéntsfrein the TIE of Wsilating lafer 156.5drs@mple, the
CIE of insylating layen dad is selegied indhe range 9£90-.150Q ppm, Alteatively, the,GIE of insulating
layer 150 is selected to be 90-150 ppm and the CIE of insulating layer 154 is selected to be 30-90 ppm. In
one embb&iRsHEthe CIEGHREFaiRg taye? 15018 sefectdd o158 28 ppAY,%nd the CIE of insulating layer
154 is selected to be 126ppmy Ay pertion efiasulating layer 54 ds reygoved by anetehing progess, for
example UV exposure followed by wet chemical developing, or laser (UV or excimer laser) via drilling

onh/toe%BSs@EBH&&ﬂNEQaﬁQPE%?r 140 with insulating layer 134 oriented

toward the carrier. FIG. 4b shows semiconductor die 124 mounted
to carrier 140 with insulating layer 134 bonded to interface
layer 142.

In FIG. 4c, an encapsulant or molding compound 144 is
deposited over and around semiconductor die 124 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 144 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 144 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In FIG. 4d, a portion of back surface 146 of
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The different CIEs of insulating layers 150 and 154 create a dielectric gradient across Interconnect
structure 158. The dielectric gradient reduces stress Induced by insulating layers 150 and 154 during
temperature cycling, e.g., during reliability testing, especially due to the free boundary surface of
insulating layer 154 and CIE mismatch between insulating layer 150 and encapsulant 144 and
semiconductor die 124. _In another embodiment, insulating layers 150 and 154 have similar CIE,

e.g., +/- SOPPRAYTRB insut&ting®lay8r 256 fab godt defffesioh’d cohdRitiveayera32bastiating layer

134, and gncapswlantb 44 duhing the byildrHp precessrand-attercirings, as vell asigeed mechrnical
properties of tensile strength > 100 MPa and high elongation > 20%. The insulating layer 154 has good
adhesion8ih&Uifing fayer 158 HMCBHUUCHE I4y6F 1%95,4as wellasTgodt e8haRicariropRriies of tensile

strength > dfJIMPatans highielenrgationf>120%). In addition, insulating layer 154 has a dense material

' refore into insfulating layer 150,

structure to block or delay the moistur eneFtrIation énto the film, anﬁhgje 0
150/144 interface, and 1507134 intrfade’ Fhe dense stafe SFinstiating 148t 154 afdo mdroves reliability

in UHAST apd PQTR andprevenis irtarfage delaminatiore atthienth0/144 interface apd 4 50HkB3A interface.
In anothe bodiment, .insulating layers 150 and 154 have go%g/a hesion to conductive layer 132,
er T35 A0 SRdabeuIARL T, 26 A bB HeQudnieht Broperied

insulating'layé ,a apsulan as we ec anlca?prdpertles of tensile strength >
100 MPasarhhighelongationt™> 20%il dihengsulatiegiayes 150ns eutedoatdighiertemperature for example,
240C +/- 11(1)scui"éhc'lle msglgtlréglygﬁ 15§A%cured at lo g{ltcenmqlratuarg, EXJ?% 215C + -ECQ.C.4T6he different

curing ter#]peraturesnl wier contact resistance between conductivé layer Sand 1 2, and package

temperature cycling_te§tﬂreﬁél§iIity%rfmmahn@@%ﬁ@_@ﬁemnﬂﬁe@]@mtstt@ssl, mpa@é Behavior,
out gassipg,sonol ip.be seediayen AR Joreonductive Jayer 52, and ephangs interface between 150

and 154 under different temperatures. G. 4i, an electrically conductive bump material is
deposite@ vveseshdutive fdyer < 5Rasing an evapérdtiohamination, screen printing,

slit coating, spin coating, or spray coating. The insulating
layer 150 contains one or more layers of low temperature (less
than 250°C) curing polymer dielectric materials, such as low
temperature cure negative tone polyimide (PI), positive tone
polybenzoxazoles (PBO), non-photosensitive polymer dielectric
with or without filler, or other suitable dielectric material.
In particular, insulating layer 150 is patterned and cured for
optimal adhesion to conductive layer 132, insulating layer 134,
and encapsulant 144 of semiconductor die 124. The curing
process for insulating layer 150 involves a multi-step dwell
profile, e.g., with at least three different dwell steps, to
enhance mechanical and adhesion properties to conductive layer
132, insulating layer 134 and encapsulant 144 under pressure
cooker test (PCT), e.g., >400 kg/cm2 for 0 to 200 hours unbiased
humidity accelerated stress testing (uHAST), without introducing
surface wrinkle after curing. The multi-step dwell profile
includes a first dwell step with a temperature less than 100°C,
e.g., 70-90°C, for 30-90 minutes to remove solvent and moisture,

second dwell step with a temperature between 120-150°C for 30-60
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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 152 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 156. In
some apPHicatibRs, bdMifs 1'1)é6]‘a‘ile {¥ffowed aFRcBRE tinfe tooRSTFE it €BRtact B conductive
layer 1522 Bumps126 ¢an adsp he sampsession 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 Sid BARP AicBbuhiy,Dr othér SdttritalMEtSinédt" "9t The insulating
layers 15901awib24, conglictiverlayet 162, arxd bumpsd Secenistitute . luildoup interconpeetcstructure 158
formed over active surface 130 of semiconductor die 124 and encapsulant 144. Semiconductor die 124
and build(p TRErCORHAEE S et et 168 FoptBSa An ECWIR T a recbrisittad Waret ot ThE
reconstitutedgeaferr isssirgulatgshthroughobuitdiup Intérconmettstivciurealsd and @ntapsulant 144 using a
saw blad]e_; or Iaseot[ %Jttinaqntomo into ir%c(lji\éigual E V\éLFé Qg%kg%ewze contéainring se icgnggctor die
124. FIE 5 Shows E JPnﬁ[aéﬁ(age T62 with semiconductor di€ 124 etéctrical y connected to
conductiveylayeit 152 and dumpke 186 fgriexternat Intersenndctito othersemieondactor devices. In one
embodiment,-the CIE of insulating layer 150 is selected in the ran f 30-90 ppm, and the CIE of
insulatinggfifﬁ/érlﬂ?[gﬁI isorslééc’:te%%n%tﬁg gefnegecg § u_g[(é \f)%mf.aﬁ\{lteerrngla%\?e]y, the CIE of insulating layer 150 is
selected to be 90-150 ppmEdrid. theClEof ¢nsutatinglayéry 154 isisalected tdbe<30-90 ppm. The different
CIEs of insylating Iayets, 150 agd 154 crsate 4 dielecttic gradientacigss ntercpnnect stiucturg 158. The
dielectric gradient reduces stress Induced by insulating layers 150 and 154 during temperature cycling,
e.g., during delixbility tdsting, especialhsdue folthe fred®botindarysurface orfrisulatiteplagaicishand CIE

mismatch, befween insulating layer 150,and;encapsulant 144 and semicondutor die 124.

electroless plating. Conductive layer 152 can be one or more

layers of Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), tungsten (W),
TiW/Cu, Ti/Cu, or other suitable electrically conductive
material. One portion of conductive layer 152 is electrically
connected to conductive layer 132 of semiconductor die 124.
Other portions of conductive layer 152 can be electrically
common or electrically isolated depending on the design and
function of semiconductor die 124.

In FIG. 4h, an insulating or dielectric layer 154 is
formed over insulating layer 150 and conductive layer 152 using
lamination, screen printing, slit coating, spin coating, or
spray coating. The insulating layer 154 contains one or more
layers of low temperature (less than 250°C) curing polymer
dielectric materials, such as low temperature cure negative tone
PI, positive tone PBO, non-photosensitive polymer dielectric
with or without filler, or other suitable dielectric material.
In particular, insulating layer 154 is patterned and cured for

optimal adhesion to insulating layer 150 and conductive layer
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The insulating layer 150 is patterned and cured for optimal adhesion to conductive layer 132, insulating
layer 134 and encapsulant 144 of semiconductor die 124. The curing process for insulating layer 150
Involves a multi-step dwell profile to enhance mechanical and adhesion properties to conductive layer
132, insulating layer 134, and encapsulant 144, without introducing surface wrinkle. The insulating layer
154 is patterned and cured for optimal adhesion to insulating Iaéer 150 and conductive layer 152. The

curing process fof irisufating1dy&r P5£ fvolves at hitit-alep diveiPBiofile o erttiafick 1Réchanical and
adhesionpropertiesdp instdatinghayer 150 aadgonductive layen a2 twithoutdntsaducing surface wrinkle.
FIGs. 6a-6g lllustrate, in relation to FIGs. 1 and 2a-2c, another process of forming an ECWLP

semicondUEtdr padkalge havihg a bl up IREREHTEt stlidute bver 83 ehfiCBiductsiSdi& With different
CIE insulating layersand £ash insulatingilayeneptimized foradhesion ta the-adjpcent layer. Continuing
from FIG. 4e, an insulating or ddelectrii?ol@y r170is forrged over 'nsulating Iri%/e 134, encapsulant 144,
and the e&%@geé% il ctf%/ Hayer£32°4 in%?%ﬁ’ualﬁ%ﬁ, deredn pHting &t c88HiTg$hin coating, or spray
coating. Fhe inscdatingilayarel #¥ centainsranegor more: layeis af-lonstemperature fless tkan 250C) curing
polymer diel%tr(ijc mater'%al%, s,cucg asll9w Eempera,étll}re cure ne ati\ée tone Pl gog'tive t? %E 0,
non-phot(l)gecnsl‘lltl\?espglymler Yielectric with 6 without filler; or'other suitab eeéielec fic material’ In
particular irsulatingHagécl 7 iscpatterf€d mndwueed for optimtal@dbesioarto conductiviestayer132,
insulatingiayer, 134, and encapsulant 144 of semicanductor die 124, The puringaprogass fgp ingylating
layer 170 Involves a mu ti-step dwell proﬁle, e.d., with at least three différent dwel steps, to enhance
mechanical mnteadhesioh propettiesio lconguetivertayer 432 sinselating 1ayepdB4<and endapsulant 144
under POT, g9, 400 kg/cm2 for.Q ta 200 hours uUHAST, without introducing surface wrinkle after curing.
The multi-step dwell profile Includes a first dwell step with a temperature less than 100C, e.g., 70-90C, for
30- 90 minutes to remaVeesclventlaridimaistares seedrfd dwell stepewith betefipesattird betvden 120-150C

for 30-60pinutes, ﬁdémgqggvﬂlﬁeg with a temperatre, hetwaen 180:240G5ior 695180 minytes. The

insulating layer 170 has a tensile strength >100 MPa, elongation >20%, and modulus <3.0 Gpa under

25C. In paricular A3CIE for nSuldtig laperil 70 isiseld@E6 n thetrahe st 309G Ppar Aortion of

insulating;leyer 149 is kerqved,by angeteling process; for example Lhhexpaesyre fllgwed by wet
chemical developing, or laser (UV or excimer laser) via drilling only, to expose conductive layer 132.
In FIG. 6b1&n eidetidally tondactvediayer 6 RBY 4 725foPmied Ovet insulating BgePE7®and tonductive

layer 1321 using grpattexning.and-metal gdepesition procassisuchias sprftering. electolytis plating, and
electroless plating. Conductive layer 172 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, W,

TIW/Cu, IS Br Shéls b sleeflicaiy cBRaudtive material Ore BoRionS: chbbEtive hyef172 is
electricallyeconnested-to candictive layen 132 0f semicengdusiOment, the CTE of

insulating layer 150 is selected to be 73 ppm, and the CTE of
insulating layer 154 is selected to be 126 ppm. A portion of
insulating layer 154 is removed by an etching process, for
example UV exposure followed by wet chemical developing, or
laser (UV or excimer laser) via drilling only, to expose
conductive layer 152.

The different CTEs of insulating layers 150 and 154
create a dielectric gradient across interconnect structure 158.
The dielectric gradient reduces stress induced by insulating
layers 150 and 154 during temperature cycling, e.g., during
reliability testing, especially due to the free boundary surface

of insulating layer 154 and CTE mismatch between insulating
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die 124. Other portions of conductive layer 172 can be electrically common or electrically isolated
depending on the design and function of semiconductor die 124. In FIG. 6¢, an insulating or
dielectric layer 174 is formed over insulating layer 170 and conductive layer 172 using lamination, screen
printing, slit coating, spin coating, or spray coating. The insulating layer 174 contains one or more layers
of low temperature (less than 250C) curing polymer dielectric materials, such as low temperature cure

negative tSHEPBI, ositRYoRE PBE Y photoseAsitive poIREIBiEREHicith o Without filler, or other

suitable dielectric material.dn particulamnsulatingdayenk(4 istpatterned and cused foroptisal adhesion
to insulating layer 170 and conductive layer 172. The curing process for insulating layer 174 Involves a

multi-stefy AWell HHBi&2E.o= With &t Rast thfee ditidrBHt dwell $8Bs, ©%BhiENtBMéehaHicai 2hd adhesion
properties 46 ingstatingdayeri br0 and eonducitvedayeral,&-under, POd s 81053400 kgieer2 fog O,to 500
hours uHAST, without introducing surface wrinkle after curing. The multi-step dwell profile Includes a first
dwell stef Wit TaTEeraiire 622 (i TO0C, &5 76:96C for B0 min 1L t6 feiitove solvent and
moisture csecong,dwell step withsa demperatutesbetneendi28:-250G dar 30=60aminites, and third dwell

step with a temperature between 1802400 for 60-180 minutes. . The insulating layer 174 has a
tonaile St 0 M o Gatiie s 306 afa PRSI 250 A3k und 9ot 11 bAHALTar & G fo
insulatingLlayer 174 4s selectgddd beddiifferiemt from thesCIE ohimslkatiag layer 15401 For example, the CIE

of insulating layer 174 is,selected.in the range,qf 90- 110 ppm, Alternatively, the CIE of insulating layer
170 1 selecia b Y SOLTR0 pprs S e CIE O IASLINE yer 174 5" Sorboacl 6 b 30.86 ppi. n one
embodimesit,the < |Etofénsiiating fyer 17e isselebtedtodhecr® pparandthe Cik of idsulating layer 174

Is selecteglto;08 106 ppm. £ portion of insulatingjlayer 174 i removed by ag £tching progess for
example UV exposure followed by wet chemical developing, or laser (UV or excimer laser) via drilling
only, to expes& condgaivedayérel 7oisture penetration into the film, and

therefore into insulating layer 150, 150/144 interface, and
150/134 interface. The dense state of insulating layer 154 also
improves reliability in uHAST and PCT and prevents interface
delamination at the 150/144 interface and 150/134 interface.

In another embodiment, insulating layers 150 and 154
have good adhesion to conductive layer 132, insulating layer
134, and encapsulant 144, as well as good mechanical properties
of tensile strength > 100 MPa and high elongation > 20%. The
insulating layer 150 is cured at higher temperature for example,
240°C +/- 10°C, while insulating layer 154 is cured at lower
temperature, e.g., 215°C +/- 10°C. The different curing
temperatures lower contact resistance between conductive layers
132 and 152, and package temperature cycling test reliability
performance due to different residue stress, warpage behavior,
out—gassing control in the seed layer PVD for conductive layer
152, and enhance interface between 150 and 154 under different
temperatures.

In FIG. 4i, an electrically conductive bump material

is deposited over conductive layer 152 using an evaporation,
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Alternatively, insulating layer 174 has a dense structure after the multi-step dwell curing profile to block or
delay the moisture penetration into the film, and therefore into insulating layer 170, 170/144 interface, and
170/134 interface. In FIG. 6d, an electrically conductive layer or RDL 176 formed over insulating
layer 174 and conductive layer 172 using a patterning and metal deposition process such as sputtering,
electrolytic plating, and electroless plating. Conductive Iaégr 176 can be one or more layers of Al, Cu, Sn,

Ni, Au, AGFFC WOHWHED, i €t BP othet SGltANE LleCtRcAly Chdukfive: niHieRal. OheTori6H of
conductive-layer 46 is-elestically capnested te,genductivedayernsk’ 2y Otherportions of condyctive layer
176 can be electrically comman or electrically isolated depending on the design and function of

semicondittordie 122 S°19ety Fig%& UHMRAIRAG Or TRIEEHE 1aykt 17838 16iedBder insulating
layer 174rand:cenductiverdayerrlib usiagtansinatios, saieen paotrg,slit caating spirteeating, or spray

coating. The, insulating, layer 178 cqntains one qr more_layers of low temperature (less than 250C) curing
potymar GBiHe MHHAE Shoh RGN toMipel TG B AEnGSAE one HlcpSuite BHEFES!
non-photasensitivie poly met cielecttic withl arjwithdut filles ot @therssuitablel diekectric-material oin
partlculark) ms(:LtJIatlngglaﬁ?':r 178 is [}atteorned gggoc red qur op ma%%hes&onéo msglaygg layer 174 and

conductiveolréyép% - éegﬁring pPocerslg for insu %lﬁr?él dyer 78 nvolves'a rﬁdﬁ-step dwell profile, e.g.,

with at leastfthrees differeritawelhste ps.corenhance medivanical andradhesion propettiesdofiesutating

layer 17%%'1d¢§0%%u%1\{§%a%%5]67§ g@nerﬁ%(l)ng, %.gftj >i40a0tk%/%@2 fg{1 to SQQ#ours UHAST, without

, 0
. . l '’ a .
introducing surface wrin r curing. The multi-step dwell profile includes a first dwell step with a

temperatu ﬁef leswtham 160Coe . CARO0CH forrBO-9F mimlt@stt_@ ¥emove @@h_@nt ahd moistu_re, second
dwell step yith & E%@Berﬂy&bef‘é@?” 120:420G for 30:80 Q%'E utes. and third dwell step with &

temperature between 1802400 for 60-180 minutes. e insulating layer 178 has a tensile
strength 5200 MR &léngationy=20%>and nivduiss <30 Gpatmden25Cnmn particulaf, a CIE for

insulating layer. 178 isselected fo-he different from, the CIE of insulaging layers J70:and 174, For example,
the CIE of insulating layer 178 is selected in the 110-150 ppm. Alternatively, the CIE of insulating
152. The interconnect structure can also use stud bump, micro

bump, or other electrical interconnect.

The insulating layers 150 and 154, conductive layer
152, and bumps 156 constitute a build-up interconnect structure
158 formed over active surface 130 of semiconductor die 124 and
encapsulant 144. Semiconductor die 124 and build-up
interconnect structure 158 represent an ECWLP in a reconstituted
wafer form. The reconstituted wafer is singulated through
build-up interconnect structure 158 and encapsulant 144 using a
saw blade or laser cutting tool 160 into individual ECWLP
packages 162 containing semiconductor die 124.

FIG. 5 shows ECWLP package 162 with semiconductor die
124 electrically connected to conductive layer 152 and bumps 156
for external interconnect to other semiconductor devices. 1In
one embodiment, the CTE of insulating layer 150 is selected in
the range of 30-90 ppm, and the CTE of insulating layer 154 is
selected in the range of 90-150 ppm. Alternatively, the CTE of
insulating layer 150 is selected to be 90-150 ppm and the CTE of
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is selected to be 110-150 ppm, the CIE of insulating is selected to be 90-110 ppm, and the CIE of
insulating layer 178 is selected to be 30-90 ppm. In one embodiment, the CIE of insulating layer 170 is
selected to be 73 ppm, the CIE of insulating layer 174 is selected to be 106 ppm, and the CIE of
insulating layer 178 is selected to be 126 ppm. A portion of insulating layer 178 is removed by an etching
process, for example UV exposure followed by wet chemical developing, or laser (UV or excimer laser)

via drilling oPty! 36 8R0S ¥6rductive 1ayetar7 s ted to Afernatively, idliating1gyer {76 h8 a dense

structure @ftes ther muttssteprdwiell curing-profitta-black on delaydhe mpistuse genetration into the film,
and therefore into insulating layer 178 and 178/174 interface. The different CIEs of insulating

layers 179" 194 8d 178 {rcate A GERIMEGTadit AckdssSnteréonnebt Striicfuté $85 - Fhe dielectric
gradient rpciges stress induceddayrisdlating layefs By0; hé4, 1andi h48 dukiag temperaiuwe cyshng.

during temperature cycling, e.g., during reliability testing,
especially due to the free boundary surface of insulating layer
154 and CTE mismatch between insulating layer 150 and
encapsulant 144 and semiconductor die 124.

The insulating layer 150 is patterned and cured for
optimal adhesion to conductive layer 132, insulating layer 134
and encapsulant 144 of semiconductor die 124. The curing
process for insulating layer 150 involves a multi-step dwell
profile to enhance mechanical and adhesion properties to
conductive layer 132, insulating layer 134, and encapsulant 144,
without introducing surface wrinkle. The insulating layer 154
is patterned and cured for optimal adhesion to insulating layer
150 and conductive layer 152. The curing process for insulating
layer 154 involves a multi-step dwell profile to enhance
mechanical and adhesion properties to insulating layer 150 and
conductive layer 152, without introducing surface wrinkle.

FIGs. 6a-6g illustrate, in relation to FIGs. 1 and 2a-
2c, another process of forming an ECWLP semiconductor package
having a build-up interconnect structure over a semiconductor
die with different CTE insulating layers and each insulating
layer optimized for adhesion to the adjacent layer. Continuing
from FIG. 4e, an insulating or dielectric layer 170 is formed
over insulating layer 134, encapsulant 144, and the exposed
conductive layer 132 using lamination, screen printing, slit
coating, spin coating, or spray coating. The insulating layer
170 contains one or more layers of low temperature (less than

250°C) curing polymer dielectric materials, such as low
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In FIG. 6f, an electrically conductive bump material is deposited over conductive layer 176 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 176 using a suitable attachment or bonding process. In one

embodimeffithié Dunts niatéifal i€ Ftiowed by REatiny tHemateriat above it§ Araltifg Boint to form balls or

bumps 180.dasomes appheatiopsyawmps 180ase reffowed a seeond timeasto improve elestrical contact to
conductive layer 176. Bumps 180 _can also be compression bonded to conductive layer 176. Bumps 180

represenf&hE typa dfinteSormect SthEthre Tt Tahbe formedibver toHdGve 185& /6. e
interconnegt structure ean plsotusensitd Hup;uristd bumpe ot other eletideal daterconnect. The

insulating layers 170, 174, and 178, conductive layer 172 and , and bumps 180 constityte a build-up
interconneg gﬁlﬁ&b?’eeléf 1oi e@&erl&?i%}g %Ef’fége 39°of s%%g(ﬁor"f‘dﬁ%gfp (ﬁ%‘fﬁlﬁi eﬁc(za%sulant
144. Semiconductarcdie d2dcandibeild-ag intemonneat-strdctpieo82 represertrasuE €W in a
reconstityted éfyraf?%?rm. The reconstituted wafer is %{'n%%l?tedrth og%h build-up inte qaonnect structure
182 and engapsu an fZlQLVusﬁfg a saw bllaaé ortlager cu ting fool 183 irfto Sridividuar V\?LtP packages
184 contdinagtserhicendddtor dieesh24.dwell sEERST shows BCWEP packiage 1841witmsemiconductor

die 124 eé%ﬁ{rei%allg connected to conducti\é%g%?és 172 flnd 176 %,réd bL{m 5.180.for e§1ternal interconnect

to other semiconductdr d \%é:sl. etgiffgrent é\(f)?insﬁaetﬁlgllayérs OujlaiEllgﬁd 78 create a

_dielect_riclgifédi@nﬂa@n@@smii@mhetﬂﬁtrmdl@:w@ﬂheediielectricﬁ@@d]'femcr_@éucfei:srstﬂessdnduc_ed by
insulating layes,17Q, 144, and 178 during temperatire eycling. £, .. . JJNiednsuiating Jayer 170 is

patterned and cured for optimal adhesion to conductive layer 132, insulating layer 134 and encapsulant
144 of sepwiconductorldie 124l ThesdiringdiredesPiop insuiatinglayees7@ invohes alnrilti-step dwell

profile to enbangs mechapicg, and adhesioppropeties 1g gondudive layeiol3 dnsulating igyer 134, and
encapsulant 144, without introducing surface wrinkle. The insulating’layer 174 is patterned and cured for
optimal atifeBibRus FFsultingRYEF 1 70 And Eondletivechyer I 72. TR Rulafivg ldysitem has a tensile

strength 109 MPa.slengation,220% aad modius $3.0.Gpa +nder 25Cx 1 nut e sAltgrpatively, insulating
layer 170 has a tensile strength >100 MPa, elongation >20%, and modulus <3.0 Gpa under 25C. The

insulating fayef 178 Pas Sdemse dtrlictare sfetthe ridg-stsd UReN clififig profie t& Blockndidture in the
PCT. The,inswlating layersl 7dhean have gropsrties of/either dnsulatingslayer 170 oF ingulatingodlayer 178.

MPa, elongation >20%, and modulus <3.0 Gpa under 25°C. In
particular, a CTE for insulating layer 170 is selected in the
range of 30-90 ppm. A portion of insulating layer 170 is
removed by an etching process, for example UV exposure followed
by wet chemical developing, or laser (UV or excimer laser) via
drilling only, to expose conductive layer 132.

In FIG. 6b, an electrically conductive layer or RDL
172 formed over insulating layer 170 and conductive layer 132
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 172 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, Ti, W, TiW/Cu, Ti/Cu, or other suitable electrically
conductive material. One portion of conductive layer 172 is

electrically connected to conductive layer 132 of semiconductor
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing

from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
semiconductor device, comprising: a semiconductor die;

die 124. Other portions of conductive layer 172 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

In FIG. 6c¢, an insulating or dielectric layer 174 is
formed over insulating layer 170 and conductive layer 172 using
lamination, screen printing, slit coating, spin coating, or
spray coating. The insulating layer 174 contains one or more
layers of low temperature (less than 250°C) curing polymer
dielectric materials, such as low temperature cure negative tone
PI, positive tone PBO, non-photosensitive polymer dielectric
with or without filler, or other suitable dielectric material.
In particular, insulating layer 174 is patterned and cured for
optimal adhesion to insulating layer 170 and conductive layer
172. The curing process for insulating layer 174 involves a
multi-step dwell profile, e.g., with at least three different
dwell steps, to enhance mechanical and adhesion properties to
insulating layer 170 and conductive layer 172 under PCT, e.g.,
>400 kg/cm2 for 0 to 500 hours uHAST, without introducing
surface wrinkle after curing. The multi-step dwell profile
includes a first dwell step with a temperature less than 100°C,
e.g., 70-90°C, for 30-90 minutes to remove solvent and moisture,
second dwell step with a temperature between 120-150°C for 30-60
minutes, and third dwell step with a temperature between 180-
240°C for 60-180 minutes.

The insulating layer 174 has a tensile strength >100
MPa, elongation >20%, and modulus <3.0 Gpa under 25°C. 1In
particular, a CTE for insulating layer 174 is selected to be
different from the CTE of insulating layer 170. For example,
the CTE of insulating layer 174 is selected in the range of 90-
110 ppm. Alternatively, the CTE of insulating layer 170 is
selected to be 90-110 ppm and the CTE of insulating layer 174 is
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an encapsulant deposited over a first surface of the semiconductor die and around a peripheral region of
the semiconductor die; a first insulating layer formed over the encapsulant and a second surface of
the semiconductor die opposite the first surface of the semiconductor die with multiple dwell curing cycles
to enhance adhesion to the semiconductor die and encapsulant; a first conductive layer formed over
the first insulating Layer; and a second insulating layer formed over the first insulating layer and first

conductivirayerfith multifle vl cdtitiey cyclés o enivieeadidsion tdthefitét iRdulating layer and first
conductivenlayer +2nbhe semiconductos deviceafciainbl pahereinthe, multiple dwett coriag cycles

include a first dwell step with a first temperature for a first time period, second dwell step with a second
temperatuFe ol A S8EdnudinE ptridd, ahd i dwéll SRpShith 4 thibd Termpéralifte ¥R thifd time period.
3. The semisanductardevice of chaim ils whereindhe wyultiplechwell euying-eyalessincluse a first dwell step
thategggﬁgﬁgﬂgésggggég%g'followed by wet chemical developing, or
laser (UV or excimer laser) via drilling only, to expose
conductive layer 172.
Alternatively, insulating layer 174 has a dense
structure after the multi-step dwell curing profile to block or
delay the moisture penetration into the film, and therefore into
insulating layer 170, 170/144 interface, and 170/134 interface.
In FIG. 6d, an electrically conductive layer or RDL
176 formed over insulating layer 174 and conductive layer 172
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 176 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, Ti, W, TiW/Cu, Ti/ Cu, or other suitable
electrically conductive material. One portion of conductive
layer 176 is electrically connected to conductive layer 172.
Other portions of conductive layer 176 can be electrically
common or electrically isolated depending on the design and
function of semiconductor die 124.
In FIG. 6e, an insulating or dielectric layer 178 is
formed over insulating layer 174 and conductive layer 176 using
lamination, screen printing, slit coating, spin coating, or
spray coating. The insulating layer 178 contains one or more
layers of low temperature (less than 250°C) curing polymer
dielectric materials, such as low temperature cure negative tone
PI, positive tone PBO, non-photosensitive polymer dielectric

with or without filler, or other suitable dielectric material.

In particular, insulating layer 178 is patterned and cured for
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4. The semiconductor device of claim 1, wherein the second insulating layer includes a coefficient of
thermal expansion (CIE) different than a CIE of the first insulating layer. 5. The semiconductor device of
claim 1, further including: a second conductive layer formed over the second insulating layer and first
conductive layer; and a third insulating layer formed over the second insulating layer and second
conductive layer. 6. The semiconductor device of claim 5, wherein the third insulating layer includes a

coefficiertif tHérmat EXBaRSIBn (EIE dittérdnt Btantd CIE of {fie fifst angsbeohd ifsutatiif Layer. 7. A
semiconduriQr device, €@MPlisiRGiocess for insulating layer 178 involves a

multi-step dwell profile, e.g., with at least three different
dwell steps, to enhance mechanical and adhesion properties to
insulating layer 174 and conductive layer 176 under PCT, e.g.,
>400 kg/cm2 for 0 to 500 hours uHAST, without introducing
surface wrinkle after curing. The multi-step dwell profile
includes a first dwell step with a temperature less than 100°C,
e.g., 70-90°C, for 30-90 minutes to remove solvent and moisture,
second dwell step with a temperature between 120-150°C for 30-60
minutes, and third dwell step with a temperature between 180-
240°C for 60-180 minutes.

The insulating layer 178 has a tensile strength >100
MPa, elongation >20%, and modulus <3.0 Gpa under 25°C. In
particular, a CTE for insulating layer 178 is selected to be
different from the CTE of insulating layers 170 and 174. For
example, the CTE of insulating layer 178 is selected in the
range of 110-150 ppm. Alternatively, the CTE of insulating
layer 170 is selected to be 110-150 ppm, the CTE of insulating
layer 174 is selected to be 90-110 ppm, and the CTE of
insulating layer 178 is selected to be 30-90 ppm. In one
embodiment, the CTE of insulating layer 170 is selected to be 73
ppm, the CTE of insulating layer 174 is selected to be 106 ppm,
and the CTE of insulating layer 178 is selected to be 126 ppm.
A portion of insulating layer 178 is removed by an etching
process, for example UV exposure followed by wet chemical
developing, or laser (UV or excimer laser) via drilling only, to
expose conductive layer 176.

Alternatively, insulating layer 178 has a dense
structure after the multi-step dwell curing profile to block or

delay the moisture penetration into the film, and therefore into
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a semiconductor die; an encapsulant deposited over a first surface of the semiconductor die and
around a peripheral region of the semiconductor die; a first insulating layer formed over the
encapsulant and a second surface of the semiconductor die opposite the first surface of the
semiconductor die; a first conductive layer formed over the first insulating Layer; and a second
insulating layer formed over the first insulating layer and first conductive layer, the second insulating layer

including '8 EdefficitAfof héfhalekbaiibnt(CIE} diffet@itthA ZECIE of the first insulating layer.
The different CTEs of insulating layers 170, 174, and

178 create a dielectric gradient across interconnect structure
182. The dielectric gradient reduces stress induced by
insulating layers 170, 174, and 178 during temperature cycling.

In FIG. 6f, an electrically conductive bump material
is deposited over conductive layer 176 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 176 using a suitable attachment or
bonding process. In one embodiment, the bump material 1is
reflowed by heating the material above its melting point to form
balls or bumps 180. In some applications, bumps 180 are
reflowed a second time to improve electrical contact to
conductive layer 176. Bumps 180 can also be compression bonded
to conductive layer 176. Bumps 180 represent one type of
interconnect structure that can be formed over conductive layer
176. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The insulating layers 170, 174, and 178, conductive
layer 172 and 176, and bumps 180 constitute a build-up
interconnect structure 182 formed over active surface 130 of
semiconductor die 124 and encapsulant 144. Semiconductor die
124 and build-up interconnect structure 182 represent an ECWLP
in a reconstituted wafer form. The reconstituted wafer is
singulated through build-up interconnect structure 182 and
encapsulant 144 using a saw blade or laser cutting tool 183 into

individual ECWLP packages 184 containing semiconductor die 124.
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8. The semiconductor device of claim 7, wherein the CIE of the first insulating layer is within a first range.
9. The semiconductor device of claim 8, wherein the CIE of the second insulating layer is within a second
range different than the first range. 10. The semiconductor device of claim 7, wherein the first insulating
layer is formed with multiple dwell curing cycles to enhance adhesion to the semiconductor die and the
second insulating layer is formed with multiple dwell curing c;écles to enhance adhesion to the first

insulating layer and firét @nddciieiayer YL Frid s&mtondtiétor HelicB St chartHs: Wikerdirfthe multiple
dwell curingacyelescineludgia first gwel stepiwith adfiystitemperaturg Jer-a first time,period, seeand dwell

step with_a second temperature for a second time period, and third dwell step with a third temperature for
a third tif&PBfiod °£2. "He S&thitbRadctbP HEViIce B SHim™?, fafthEFinEiling? B8EE0RE conductive layer
formed oderthessecondrirswatitg:leyer and fisst eonddetivestayer; angyer @ third insulating layer formed
over the %%%ongrigglélgtigg clja:'Lyee eaggrsiegoggé: :?gyl%ﬂvaeclj? grs interconnect structure
182. The dielectric gradient reduces stress induced by
insulating layers 170, 174, and 178 during temperature cycling.
The insulating layer 170 is patterned and cured for
optimal adhesion to conductive layer 132, insulating layer 134
and encapsulant 144 of semiconductor die 124. The curing
process for insulating layer 170 involves a multi-step dwell
profile to enhance mechanical and adhesion properties to
conductive layer 132, insulating layer 134, and encapsulant 144,
without introducing surface wrinkle. The insulating layer 174
is patterned and cured for optimal adhesion to insulating layer
170 and conductive layer 172. The insulating layer 178 has a
tensile strength >100 MPa, elongation >20%, and modulus <3.0 Gpa
under 25°C.
Alternatively, insulating layer 170 has a tensile
strength >100 MPa, elongation >20%, and modulus <3.0 Gpa under
25°C. The insulating layer 178 has a dense structure after the
multi-step dwell curing profile to block moisture in the PCT.
The insulating layer 174 can have properties of either
insulating layer 170 or insulating layer 178.
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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13. The semiconductor device of claim 12, wherein the third insulating layer includes a CIE different than
the CIE of the first and second insulating layers. 14. A semiconductor device, comprising: a

semiconductor die; a first insulating layer formed over the semiconductor die with multiple dwell curing
cycles; a first conductive layer formed over the first insulating Layer; and
Claims

What is claimed:

1. A semiconductor device, comprising:

a semiconductor die;

an encapsulant deposited over a first surface of the
semiconductor die and around a peripheral region of the
semiconductor die;

a first insulating layer formed over the encapsulant and a
second surface of the semiconductor die opposite the first
surface of the semiconductor die with multiple dwell curing
cycles to enhance adhesion to the semiconductor die and
encapsulant;

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

a second insulating layer formed over the first insulating
layer and first conductive layer with multiple dwell curing
cycles to enhance adhesion to the first insulating layer and

first conductive layer.

2. The semiconductor device of claim 1, wherein the multiple
dwell curing cycles include a first dwell step with a first
temperature for a first time period, second dwell step with a
second temperature for a second time period, and third dwell

step with a third temperature for a third time period.
3. The semiconductor device of claim 1, wherein the multiple

dwell curing cycles include a first dwell step with a

temperature less than 100 °C.

-28—



a second insulating layer formed over the first insulating layer and first conductive layer. 15. The
semiconductor device of claim 14, further including an encapsulant deposited over a first surface of the
semiconductor die and around a peripheral region of the semiconductor die, wherein the first insulating
layer is formed over the encapsulant and a second surface of the semiconductor die opposite the first
surface of the semiconductor die. 16. The semiconductor device of claim 14, wherein the second

insulatinglayer Mefudte ™ Eoefieiehtof fietmarfesfarfsich-eib) difftentithahECRE6PIME first insulating

layer. 17 i hhe semicondustas deviceief plaimn 14 Jurtherinshuding: a-secansicandugtive kayer formed over
the second insulating layer and first conductive layer; and a third insulating_layer formed over the

second inSuldting Al EFARd Se O conduictive Taydre 181 TRE sERTEIAdURSr dEWIES of claim 17, wherein

the third insulating layer includes a CIE different than a CIE of the first and second insulating layers.
5. The semiconductor device of claim 1, further including:
a second conductive layer formed over the second insulating
layer and first conductive layer; and
a third insulating layer formed over the second insulating

layer and second conductive layer.

6. The semiconductor device of claim 5, wherein the third
insulating layer includes a coefficient of thermal expansion
(CTE) different than a CTE of the first and second insulating

layer.

7. A semiconductor device, comprising:

a semiconductor die;

an encapsulant deposited over a first surface of the
semiconductor die and around a peripheral region of the
semiconductor die;

a first insulating layer formed over the encapsulant and a
second surface of the semiconductor die opposite the first
surface of the semiconductor die;

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

a second insulating layer formed over the first insulating
layer and first conductive layer, the second insulating layer
including a coefficient of thermal expansion (CTE) different

than a CTE of the first insulating layer.
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19. The semiconductor device of claim 14, wherein the multiple dwell curing cycles include a first dwell
step with a temperature less than 100 C. 20. A semiconductor device, comprising: a semiconductor die;
a first insulating layer formed over the semiconductor die; a first conductive layer formed over the first
insulating Layer; and a second insulating layer formed over the first insulating layer and first

conductive layer, the second insulating layer having a coefficient of thermal expansion (CIE) different than
aCHEofﬁmfksFﬁ%uEﬁﬁé? pctor device of claim 7, wherein the CTE of 'the

first insulating layer is within a first range.

9. The semiconductor device of claim 8, wherein the CTE of the
second insulating layer is within a second range different than

the first range.

10. The semiconductor device of claim 7, wherein the first
insulating layer is formed with multiple dwell curing cycles to
enhance adhesion to the semiconductor die and the second
insulating layer is formed with multiple dwell curing cycles to
enhance adhesion to the first insulating layer and first

conductive layer.

11. The semiconductor device of claim 10, wherein the multiple
dwell curing cycles include a first dwell step with a first
temperature for a first time period, second dwell step with a
second temperature for a second time period, and third dwell

step with a third temperature for a third time period.

12. The semiconductor device of claim 7, further including:

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

a third insulating layer formed over the second insulating

layer and second conductive layer.
13. The semiconductor device of claim 12, wherein the third

insulating layer includes a CTE different than the CTE of the

first and second insulating layers.
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21. The semiconductor device of claim 20, further including an encapsulant deposited over a first surface
of the semiconductor die and around a peripheral region of the semiconductor die, wherein the first
insulating layer is formed over the encapsulant and a second surface of the semiconductor die opposite
the first surface of the semiconductor die. 22. The semiconductor device of claim 20, wherein the first
insulating layer is formed with multiple dwell curing cycles to enhance adhesion to the semiconductor die,
and the seondinstfdtirfPRTEFsForiAed WithmGRPBRF dweé €dring cycles to enhance adhesion to the first
insulating layer and fixst conduetive-layee ; 23. The semiconductor device of claim 22, wherein the
multiple dwell curing cycles include a first dwell step with a first temperature for a first time period, second
dwell step with & s&ddrd-teisetatdret6r 4 3866nd ﬁﬁf@eﬁerﬂ)\ﬁ‘?ﬁnagﬁir& AREA e it third
temperatute-forathirdtime pedad. 24:dhegsemnyieoadyctor device of claim 20, further including: a second

conductive layer formed over the second ipsulating layer and first conductive layer; and . . a third
insulating layer ?or#%ﬁs&/e??ﬁg 46&on ¢ ingﬁ%?iﬁggﬁﬁéfeéﬁoo gé%on%?l@on chive Fa%?ﬂ ating

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

layer and first conductive layer.

15. The semiconductor device of claim 14, further including an
encapsulant deposited over a first surface of the semiconductor
die and around a peripheral region of the semiconductor die,
wherein the first insulating layer is formed over the
encapsulant and a second surface of the semiconductor die

opposite the first surface of the semiconductor die.

16. The semiconductor device of claim 14, wherein the second
insulating layer includes a coefficient of thermal expansion

(CTE) different than a CTE of the first insulating layer.

17. The semiconductor device of claim 14, further including:

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

a third insulating layer formed over the second insulating

layer and second conductive layer.
18. The semiconductor device of claim 17, wherein the third

insulating layer includes a CTE different than a CTE of the

first and second insulating layers.

-31-



25. The semiconductor device of claim 24, wherein the third insulating layer includes a CIE different than
a CIE of the first and second insulating layers.

19. The semiconductor device of claim 14, wherein the multiple
dwell curing cycles include a first dwell step with a

temperature less than 100 °C.

20. A semiconductor device, comprising:

a semiconductor die;

a first insulating layer formed over the semiconductor die;

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

a second insulating layer formed over the first insulating
layer and first conductive layer, the second insulating layer
having a coefficient of thermal expansion (CTE) different than a

CTE of the first insulating layer.

21. The semiconductor device of claim 20, further including an
encapsulant deposited over a first surface of the semiconductor
die and around a peripheral region of the semiconductor die,
wherein the first insulating layer is formed over the
encapsulant and a second surface of the semiconductor die

opposite the first surface of the semiconductor die.

22. The semiconductor device of claim 20, wherein the first
insulating layer is formed with multiple dwell curing cycles to
enhance adhesion to the semiconductor die, and the second
insulating layer is formed with multiple dwell curing cycles to
enhance adhesion to the first insulating layer and first

conductive layer.
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23. The semiconductor device of claim 22, wherein the multiple
dwell curing cycles include a first dwell step with a first
temperature for a first time period, second dwell step with a
second temperature for a second time period, and third dwell

step with a third temperature for a third time period.

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

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

a third insulating layer formed over the second insulating

layer and second conductive layer.

25. The semiconductor device of claim 24, wherein the third

insulating layer includes a CTE different than a CTE of the

first and second insulating layers.
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