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%}{ ¥ EUdEReHE Iﬁgﬁ%ﬁw STHRESAVER Rt RVER

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 typically contain hundreds to millions of

electrical components. Examples of integrated semiconductor



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 SEHEShdUttdr- dBvites Tdade ritcroEdtrollets Tkr oot essots, CHrgeGLoupled devices
(CCDs), selapcells, @ad digital microsmjrreiodemicess(DMPsind digiSemicenduetondevises perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electromAgneticsignal¥ &dntrolling electronic devices, transforming sunlight to electricity, and creating
visual projections for tedevisionrdisplays: Semicoaduetor deviges awg foundkindhe fields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor
devices ard 4ido %rb%dslﬁ?}ﬁilif%?y gﬁﬁgﬁlcaﬁioﬁg? avidtion. Hut %ﬁ\?es,plﬁ&ﬁlstﬁﬁ ContronarE and office
equipment: ansmi t Semjcenductercdavidesyexyleit theoelegtrical propesties of, sernicondudtbon materials.

The atomi€L str%cture of aemi.conduct;é)r matﬁrial allows its ei‘lecgicajacon uctivirty to. Qe mani%ulated by the
. . e eF roplg. EVéce%, rans ?rm ng ﬁ$ﬂ]l T TO ? ect lBl %,.ap
application of an electric tield or base current or through the process of doping. Doping introduces

impurities inta thengemiconalctor mmatekaltosamdnipulate and controbtherdondsictivity of the semiconductor

device. s.p.; - AnsEmicopductor device coniaing, active and passive elegjricg) stuetires,Agfive
structures, including bipolar and field ettect transistors, control the flow of electrical current. By varying
levels of dopingranckdpplicatiorofan efectre fisldaor basetourrent, thedransistoseitkergpromotes or

resnmhs%@Jgﬂﬁgge@gggﬁkggTemﬁgﬁﬁggﬁductor 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
active structures are electrically connected to form circuits,

which enable the semiconductor device to perform high-speed



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 potértisy Homared ofteps. roRtEhd attfaGlifing involves the formation of a plurality of die

on the surface of a semispnductanwatar. Each semicandugtordig is typicaly identigakand sontains
circuits formed by electrically connecting active and passive components. Back-end manufacturing

involves SiRGuiRtiHg WidivilaardéhicbhddéoP BRFrSMGAe finished WafeP And Packaging the die to provide
structurahsuppostand enviyornnantak iselation. mhea temm tsemicgndyctondienasiusedderein refers to
both the singular and plural form of the words, and accordingly, can refer to both a single semiconductor
device aikT WUNEIE beicBRAUETS Hevioed SP° - D jodl B SBMRbH Gt e radHfg s to
produce smalleosemiconductor deyites.cSmallerodevides typically consumedess pewer, have higher
performance,.and %an Pglpr%dl%ced mOJE'%gq]icientlc}]/. In ddi;cion, s({nalle.r seEnicorg:daL{LcE[or devices have a

sSemlcondgtul Gl . semicongu ©) 1 1S 1 . .
smaller fooetprlnt, which 18 deSirable for Siafler &n pro UCts. A smallef Sericonductor die size can be

achievediiemiprowéments indhe front-endprodess resuttiag itvgsemiconducter Idig with smaller, higher

density agtive, and passiye coiponents, Bakend piacesses may igsulkinsgmiconductor device
packages with a smalter footprint by iImprovements in electrical interconnection and packaglng materials.

A buildjupam_ef@oxmelcttsmdmreoﬂs\mnm@nwbﬁhéd@ve_ndjs%ﬁﬂ@@ridmicﬂerﬁdmeieeuricattiﬁterco_nnect.
The buildzyp intereonpect;strycture confaing ong Qnmorg ipsylating layers apd aneor more conductive

layers between the insulating
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 (CIE) 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 the build-up interconnect

structure lead to lower manufacturing yield and higher cost. Summary of the Invention A need
exists for'@Btifdup iftefconhiet strdctdrel Gvsi e sémfcondbiefor did-whichds fobst against cracking and

exhibits good-adhesion tp heradiacenispdasevhecardinghhdn eae esbadiment the present invention is
a method of making a semiconductor device comprising the steps of rovidin% a semiconductor die,
depositing 4 &ncapEiart bvEP e SemicdRatcor Bie forming A Hetin8G1atRG Ay over the
semicondutiercdieans encapsslant, qusingribe fisstinsulating layes witbrimuliplecdwell eycles to enhance
adhesion to the semiconductor die and encapsulant, forming a first conductive layer over the first
insulating %R}%ﬁ%m?i%ﬁee{l gggbn@iﬁsﬁlgﬁﬁg Ayer OvEF {ﬂlé t%r%f 'r'lh%ﬁ%tiﬁﬁjt&l};ean st'&&dductive layer,
and curingdthe ssecond insittatingllayeewith agltpleddwelkeyclestonenhancezadhesiomtg the first
insulatin%la et and first conductive layer. The second in%ulatinq!aa er has (,ElhEedibﬁgrﬁ:g_tﬁan a CIE of

the first ifiSu ating layer. ﬁﬁ%%o%hertemebc}dirsn%%ﬁ ﬁg%res Mt iNVention 1S a method ot making a

semiconducterdevice comptisingtthe stépsaof providingea semicariduictoridig, foiring a first insulating
layer oveﬁh%germiccgsnguctor die, forming a first conductive layer over the first insulating layer, and
forming a second insulating layer over the first insulating layer and first conductive Layer. The second
insulating layer has a CIE different than a CIE of the first insulating layer.

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 method of making a
semiconductor device comprising the steps of providing a
semiconductor die, depositing an encapsulant over the
semiconductor die, forming a first insulating layer over the
semiconductor die and encapsulant, curing the first insulating
layer with multiple dwell cycles to enhance adhesion to the
semiconductor die and encapsulant, forming a first conductive
layer over the first insulating layer, forming a second
insulating layer over the first insulating layer and first
conductive layer, and curing the second insulating layer with
multiple dwell cycles to enhance adhesion to the first
insulating layer and first conductive layer. The second
insulating layer has a CTE different than a CTE of the first
insulating layer.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor die, forming a first insulating layer over the semiconductor die,
curing the first insulating layer with multiple dwell cycles to enhance adhesion to an adjacent Layer,
forming a first conductive layer over the first insulating layer, and forming a second insulating layer over
the first insulating layer and first conductive layer. _In another embodiment, the present invention
is a semiBSRTUtSr deiice BBmpHRIMY S SEmitonduttor B dnd fifstirdul bRy g e fifmEdYSer the
semicondueter digcAdissticancuctive layer is, formed avgr therfinst insulatingdayere A1sgeond insulating
layer is formed over the first insulating layer and first conductive layer. The second insulating layer has a

CIE diffeféht thar'& C1EGt the first iiSutatthg BYEF. Brigt Desehptiol of theT5iings SU a1 G, 1

illustrates a RGB withrditferent types of packages mounied-taitsisurface; RGsd2a2C.lbustrate further

detail of the representative semigonducttir géackagfs mounted to the PCB,; EGS. 3a-3c illustrate a
semicon 8F second 1nsulating layer has a CTE different than a

Wafejrzk}ﬁth a
CTE of the first insulating layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first insulating layer
over the semiconductor die, curing the first insulating layer
with multiple dwell cycles to enhance adhesion to an adjacent
layer, forming a first conductive layer over the first
insulating layer, and forming a second insulating layer 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



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-6g

illustrate BAGHHRY proGEsTSt f6rming ErECINISS batkdde hiavifg QhGhtetcSiREE Stk bver a die with
different ik insiiatingilayersand each insylating iayeropfistized for adhesiontothe ediaecent layer; and

FIG. 7 illustrates the ECWLP package having an interconnect structure for a semiconductor die with

different CTE fsufAting 14761 dritf eAH RS GRtinG Fayet DptithiZES for dohéSion 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. 6a-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
two complex manufacturing processes: front-end manufacturing and

back-end manufacturing. Front-end manufacturing involves the



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 definet By e aBpentied diditis?dnd-thefrfeqlivalents i subpordy the¥ollowing disclosure and

drawingss emi con&eatieanducter-devices-aregeneasally: manufactureddising two eemplex manufacturing
processes: front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the

formatiorP6£4 pilitalfty B bie 61 the" STFSEEO1S sefficondutlor warer Bachdie brtRewater Gontains

active andpassive eleetficalcompenenis whigh are etectrically coppnecteddodern fuactional electrical
circuits. Active electrical components, such as transistors §Sr11% iodes, have the abigg/ to control the flow

of electriCa CORRRE PassiiESledtichl @%585@&5, &Tc(?‘u asdtol?éf",‘fﬁd& ors’ §1§t%¥s,ta%d
transformerss,cereate-a ¢elafionshifs betvweerr voltagecand eurrent mecessary tolperfarincelectrical circuit
functions(.:Om OneP@gsivg ar d %cstivg comcpqgoernés ar.enlzg)rrgegros\/er tkée s%q%q:e of tglre1 i%semiconductor
wafer by a Series ot préces% steps incﬁ%ﬁlngl oping, %lep615|ﬁon, dho]iolﬁﬁograpﬁy, etching, and
planarizatioanBopingantseducesanpurities Irto the sehpcdrductarmatetinb by techmiquesrsuch as ion
implanta%()encgrs tgaermglcgiffggigpblm edf icné;rgrgﬁss rinrocdlilfilets t & eé%cit(rji%asl .conductivity of semiconductor
material in active d%\//lces, ransforming the semiconductor material into an Insulator, conductor, or

dynamically changing ﬁ@ésemgoﬁ@@ct@pmhvaim@@pduahﬁw iﬁr@srﬁmseetd arvelectricdield or base
current. Trapsistors conigin reQigns of varying types apddegrees. of; daping %@5‘889 asdjeggssary to

enable the transistor to promote or restrict the flow of electrical current upon the application of the electric
field or bagedudiéms doprinactidennd PassSive donfdohiehtd acs firmed [Blalérscof matérials with

different glectrical praperties. The Jayers,can besfarmed;hy a varietyof deposition techniques determined

in part by the type of material being déposited. For example, thin film deposition can involve chemical
vapor dep6SHERTCVDY Pphysidet vaper depdsitioH (FPVDS efettolyare plafing ahtPéleetraless prating
processesyEagh layer is-generally patiernedtofgrmportions afactive components, passive:

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 techniques determined in
part by the type of material being deposited. For example, thin
film deposition can involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally

patterned to form portions of active components, passive



components, or electrical connections between components. The layers can be patterned using
photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer
to be patterned. A pattern is transferred from a photomask to the photoresist using light. In one
embodiment, the portion of the photoresist pattern subjected to light is removed using a solvent, exposing
portions of the underlying layer to be patterned. In another embodiment, the portion of the photoresist

pattern n6PEN5EERE Yo light, THE REFatire pIrOBREST R nfselis ’ing' 8™¥0REFHE (ekposing portions of
the underlying layer to besatteraed. theremaipderefthephetanesist isoremaveads dgaving behind a

patterned layer. Alternatively, some types of materials are patterned by directly depositing the material

into the af8as Br voids tomted By al5redidus tepoSition/sit provass Uiy Behffguasd suth As’electroless
and electrolytio pladingt, overDepesiting arthindfilpeofnatesiah ever am existing pattern can exaggerate

the underlgnﬁ§fttern gon create a non-uniformlg flat urfaﬁe.tA uniformly flat, surf?@e i}irequi£ed to
produce Smallér&td for ﬁ%ﬂsglyp&%ﬁgﬁl %%ﬁv 3nd'pastig c%ﬂ?ﬁ’&hsé%té%%ﬁﬁa AHidhcan'be used to
remove materiahisomithe rstyfack of the water antl produpe atunitosmiy flatsirtace. Planasization involves

polishing the furfﬁge of the Wafer(yv@s?golishig%f)ad. An abrasive material and corr itﬁ%ghemical are

added tottﬁe stirface of the wafer during p%lighing. The %bm%ﬁ?eods rlrwré%hgﬁfégllgﬁ%noof e abrasive and

corrosiveuactionlof the chemical rembwe any drregular topographyh eesultirgpimiananiforniyzdlat surface.

Back-end.m nufactur%n Eefer to.cutting or_singul tin% the finished wafer.into thf.ingvid | die and then
packagin%otlfg die for st%cteurgslhsoutpop%%%ng(} eﬁ\%ﬁo%erﬁent%i)%soﬁgﬁgne. oesdlnéﬁlatelﬁlelts’eln!%é%nductor die,
the wafemissebrettand brokehsdlohg noa-fupctiorad regions ofitheowafen talleksawisteets or scribes.

The wafeg is singlated-using g,laset ¢utting tqal.or saw blade, After sipgulation, the individyal.
semiconductor die are mounted to a package substrate that Includes pins or contact pads for
interconnettibh withhsther systein cdompemerits Contaelpads formedover Biad semichdbeitt die are then

connectegh{p contact pads witinhe-packads The slectied) conpegtions.can. be mada with solder

bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or other molding material is
depositedevesthelpatkage Bprevide physical supportandelettrical iBdlatiohFhe Fished package is
then Insested:jntg.an glesyical system and the functionality, of the-semicopductor deyige is made available
to the other system components.
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
singulating the finished wafer into the individual die and then

packaging the die for structural support and environmental



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 el&etigatfiRctions® Aftenvatively eldttron i dENEE 86 e 156-5 subEEmPBAEAt ofsa larger system.
For example,relgctzenic evicerblcambe part-afaneellidarahaneg personak digital assistant (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be
a graphicscard Sn&twork it ace Bard> OF OHE? signal Procesting Sart 1RO 6 1MEEHA ifito a
computen Jher semicontiictos Package sanincldde migropeacessars; memeres, application specific
integrated c(i%[cuits (A ICQ Iocgic circuits, an (])'\% circuits, RF circuits, discrete devices, or other

semiconduttor’ dig%ﬁelec’?ﬁ &1 Corisonents MinfHriZ5Hion At waight FEGUHDR afe@e58AtAl for these
products ta be aicceptedkhy thenmarket cbhe distancedsetieen isemicanductartdevices must be decreased

to achievgttg%r%ersdesrgie%. - Onl@pnlilg. 1, gocn% gg T!orO\éli((:ilgs 90%%1%& %Jebstr e for structural support
and electricalinteréGnnect of the semiconductor packaéoes mounted on the PCB. Tonductive signal traces
54 are formed overasurface be within ldyers cbREBB2dsing evaporationp etéstrelytic platings electroless

plating, sgreep printing, gt oher stiable metal deposiion progess. Signal trages, 52 pravide for electrica
communication between each of the semiconductor packages, mounted components, and other external
system cbmpienents: Tdades®4s alsoqurdvide powearasticegroond wonakctiohs. to ach of the semiconductor

packages. , .. o ,,110,50me embodiments ,a sgmiconductor device bas two packaging jevels. First level

packaging Is a'technique for mechanically and electrically attaching the semiconductor die to an
intermediage sagier LSesumiievel packagimlingolves rrechzmicallg aindialedtricalb/l attaching the

intermedigfe carrier &9 he BGBx Iyather eppharliments, a-seraicenduciocdeviee may only hayg the first
level packaging where the die is mechanically and electrically mounted directly to the PCB.

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
be a graphics card, network interface card, or other signal

processing card that can be inserted into a computer. The



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 (MCM) 68, quad flat non- leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. D%%ending upon the system requirements, any combination of

semicond RS PAKAGES e gtRad withany CohibiRalidrr bPRrs? aRd $eESnd R&/BP paikaging styles, as

well as othep elecironisceppenents, can bg.coppactedte PGR 52aKrsgme emhedicents; electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconn@fed’Fadkagel B cohibifing Bne ot more*Sernicondidtor packadesSdvit a single substrate,
manufactuserscandnearporatedpresmade camponenisdniooeleatrenic devicesw@andisystams. Beeause the
semiconductor packages include sophisticated f ncéionalit%, electronig detvices c?ﬁn be manugac ured
using ché”’aepje?}é%n{peo%%%’fsl &hd %rs?re%%ﬁ%ré%ﬁ%in fACtUrg 5T oRESS THe reshItiRg RViceR e less
likely to faif and dessaexpensiveTioananufasture resuting in adovierccast farcconsamere.s must FIGS.

2a-2c¢c show e(%(emlplar sgmicond%ctor ga%ka es. F!§3. 2a. illustrates further detail of DIP 64 mounted on
e decreased,.t achiev 1gher densit .. .. . o
PCB 52. Semiconducior die 747ncludés an active region co¥1ta|n|ng analog or digital circuits implemented

as active devices, passive dévices, cartrictive tayevs,cand dietpetricrlayersifosned withflo the die and are

electricall,iptereonneeted acaording i the sletrical desian of he die, Forexample, the circuit can
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed
within thes attivecregior: ofrseraicbadectomndie?4 Contattyads P6 aré onglor more |ayiers of conductive

material, such as ajuminum (al), copRer(Cu). in ($0), nickel (N, gald {Ay), oL silyerdAg).;3nd are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semictndugtortie 7448 hrountéd &5 an itéfmediatercamier 78 Lsiiga ik 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,
bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land
grid array (LGA) 66, multi-chip module (MCM) 68, quad flat non-
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silicon eutectic layer or adhesive material such as thermal epoxy or epoxy resin. The package body
Includes an insulative packaging material such as polymer or ceramic. Conductor leads 80 and bond
wires 82 provide electrical Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is
deposited over the package for environmental protection by preventing moisture and particles from
entering the package and contaminating semiconductor die 74 or bond wires 82. FIG. 2b
lllustrates fiftHet d%?éii‘é‘ﬁ@cé%éqﬁnoﬂﬁtedaé‘ﬁ PEE 82 Samicbtdietst die 8838 MotiHt&d over carrier 90
using an Waderilorapoxysesin adhespermatesiak 82nBene wirgst4npravidei firshievekpackaging
Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is deposited over
semicondUSr did B AP boltd WireR A o srovidR Py sGRpdrt 8HE eectricdl i€8idtion for the device.
Contact padsclQR arestormedoves a suttace«af EB b2wsing asuitghlegneta) depositien peacess such as
electrolytic plating or efctroless plating to prevent oxidation. Contact pads 102 are elg trically connected
10 one ororé HdLEH7E STgat fabe5A I BCE 52 Bulps 104 476 16rmbd boheer contadt pads 98
of BCC 62cand eantactipads:H)2 ef BEBro2ic devilnd-IG0 2¢nsamitondactet digls8 is mounted face
down to intermediate carrier 106 with a flipchip style first Jevel packaging. Active region 108 of
Somcon G Herb SR Mt of AR oute g b A S e b8 devices,
conductiveilayers] @andrdielectricriayersdomaett agesrdingBty theretectrica) designoof themie. For example,
the circuit can Include one or mare transistors, diodes, Inductars, capacitors, resistors, and_other circuit
elementssv%ﬂﬁﬁ%%%blg ?gé:ioﬁal%qé?%%ﬁ"ligafnedruc?orsdllg % s Se?ec?ﬁga Iyea’ndm %ggﬁgr(ﬁégﬁye&:osnnected to
carrier 10&througte bempstled 0pr e -madeBGAB®izel&ctricalhpard aechanicallylevnrectedto PCB 52
with a BGA style second level packaging.sing bumas 112, Semiconduetor die.58 is electrically
connected to conductive signal traces 54 in PCB 52 through bumps 110, signal lines 114, and bumps
112. A makiiig edrmpatiad of encapsulantitns issdepoisited bversemitdndietorlefe 58 and carrier 106 to

provide physical supparhand elestiaal isolationiop the.dedos. e fipehip.sermiggaductor device

provides a short electrical conduction path from the active devices on semiconductor die 58 to conduction
tracks orfPCBBEinGradeptdretices Signal propafatioh distafied, iewer eapacitmiee lak@ inipifove overall

circuit pegfigrmaneg; 1 anothsrembadiment, the semieenductordie B8;¢an e mechapically and
electrically connected directly to PCB 52 using flipchip style first level packaging without intermediate
carrier 10682F CONSYIET Sa shows a semiconductor wafer 120 with a base substrate material 122, such

as silicon, germanium,gatium assenidesHpdiuakphesphide, Qusiliconcarkige, for straighusal support. A
plurality of semiconductor die or components 124 is formed on wafer 120 separated by a non-active,

. ( p
inter-die Wafer aréa bt SARStAdet 126Hs déeribBl Hbbvel sBdfstiebt 128 br6ides chiftihg>areas to
singulatessemisenducieowater d 20dntonindividual semicandustaralie dd4containing 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
semiconductor die 74. During assembly of DIP 64, semiconductor

die 74 is mounted to an intermediate carrier 78 using a gold-
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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 130'tbliffplerRBACATAIGy titEits 8Fdi@ﬁ§?ﬁﬂcﬁﬁsW@&igﬁﬁ%gﬁ&l Progéssor (DSP), ASIC,

memory, &5 herssigral processingcircuit, Semieanducteicdie 1240nay adsaeontaisiintegrated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signallErocessing. In one

embodimBAt EMitEndidt6r did ' 2445 fipchptyPEtic®™ C©* A RArTelectricafy Eoiductivedyer 132 is
formed oger actversitaceik3Osusing P\, iG¥De electrolydia platings etestiodess plating: process, or other
suitable metal de% sitionfrocess7r%0nd%ctEi)ve Ia%/ r 132 can be Q]Lne or rggre layers of Alt, Cu, Sn, Ni, Au,
Ag, or otfi&PSUIABIE SIERricAly condictive materiar, COHHtCHIE t/ek 132 oper&e’ d¥'dortact pads for
the circuitsrem active parface;23F.dCortact padsn:32 sanhecdispasieshside-hyrside atfiratdistance from

the edge of sgguconduc%or die 1241Alstertnat|vel%h ontac‘tg}i%qqs 132 can be offsgt in multiple rows such

that a first Fow of confac pgéé‘ |sl&sSosecf a first distanc rometr%aecdgaeggf e die, and a second row of

contact pads @iteimatingrwiths thel irshrove fsodisposed’d second distancesfsomahe edge of the die.
An insulating or passivElg;Dn[l)a)%e\r/%ffd% t1;()rrgjceedso\%eurraccttli\e@ sgéfgg% }38 @@C%O.%’CHV% I%yeers 132 for

electrical isolation using , printing, spin coating, spray coating, sintering or thermal oxidation.
The insulating (&7 134 cortaing mhiedranorkilayérs ofsotdernesidt, silicondigxide ¥5i02), silicon nitride

(Si3N4), slicon oxynirde (SION), tantalum.pentaxide (122Q0); alluminum,gxide (AI203), o pther material

having similar insulating and structural properties. A portion of insulating layer 134 can be removed by an
etching précess tRrfoughcy pHetofégistlayerolexpostaphddctiveckiyep182ct 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
region 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.
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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 insulatin%‘Ia er optimized for adhesion to the adjacent Iali/er. FIG. 4a shows a substrate

or carrier 140 containifi*tentforary 6r&adrifit it bade AidteRaih dLifidort poRfér BeRftlium oxide,

or other suitabkplL ew+aosh rigigh material faestuciunat suppei.JAn intadace laygr pugpublessided tape
142 is formed over carrier 140 as a temporary adhesive bonding film or etch-stop layer,

SemicondGEbFARMSA RONTEGS Baise RIighed With dnd MBtnteE th E&rieP 148 With'iRsulating layer
134 oriented tewarehkthecarrer. FHG 4z sbows iseslicendueigrdie 124 moymied to Cagier 114D, with
insulating layer 134 bonﬁgd to interfic  layer 142. In FIG. 4c iln enc;ggulant or molding

compound £44 18 Eshositéd over & %e?' o SERRORAusHor S T2E SRy paste Biinting, compressive
molding, rapstet tealdinge iquidrencapsulanbmotdirg,Sacanio leaminatian, ISpin coating, of other suitable
O b Sompeste et D ol fsgh il oo
protects theigerhiconductiocdevice from éxteinal elermentscendacaitaminantsctricalln FIG. 4d, a
oo oL LA et 1905 pmgyed by UPOBLAR )0 kg

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

design and function of the die. For example, the circuit may

include one or more transistors, diodes, and other circuit
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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, insulating layer 134, and encapsulant 144, as shown in FIG. 4e. In FIG.
4f, an insulating or dielectric layer 150 is formed over insulating layer 134, encapsulant 144, and the
exposed TORAGEVE IAPEMES? tdihg tamifatibREscreen %ﬁ’in%iﬁg, SR CORRNGSHRY cBARE Br spray
coating. Fhe insulatinglayergiaQcoriains onesqr mere layersiotlonstempesatire (ess thann250C) curing
polymer dielectric materials, such as low temperature cure negative tone polyimide (PI), positive tone
polybenzbRazdies {PBS), ASH BstosEnsifve oly et didleBtic Wit P or WithddtFieF, or other suitable
dielectricynatetiah di padicutare insplating Jayarsks s padternec aad curecifos OpEmad adhesion to
conducti\g I?éer 132, insulatin Iaéler 134, and encapsulant 144 %f semiconductor die 124. The curing
process fof ihstfatingliaysr 150 HvaIVeE a itESRbawsifBfites 8¢/ with At Téast tirds Hifferent dwell
steps, to enhanee meghanicatane adhesion praperties ¢moconductive,layemnlid; insutating ayer 134 and
encapsul?%mdé ugd%r pregﬁure %ooker est (PCT), e.g., >400 kg/cm2 for 0 to 200 hours unbiased
humidity atcelératéd s%rtlags els%ngy(BEIA , without introducing surface wrinkle after curing. The
multi-step dwell profileAmclades-afirstadwell stepdvithta temperaturellégs thranft@eEde.gya0-90C, for
30-90 minutes tg remoye solvent and mais S d dwell step with.a te rature between 120-150C
for 30-60%%?%1%1&%%%6%%%3 dgvge]ffl sl%esﬁ W th%’megeﬁgfurg%b%%\%végr% 0- Zﬁlgg or 66-180 minutes.

The insulating tayelr 459 hasaa tersile strength >000MPlags highuel badgdtfonts269%, dagaradules:<3.0 Gpa
under 25C. In. patticulas, 3 GIE fatinsulating layer 150 js selected inthe yande of 30:90,pom; A portion of
insulating layer 150 is removed by an etching process, for example UV exposuré followed by wet
chemical@evefopind!ior |dser (W, orcexcirle fasev)ivia lefifting oy, 1o @xpbze conductivevayer 132.

In FIG. 4gan elecirically soneuetivlayey ar-repisirinylionayer (RDLL1S2 [amesvey dgsulgling layer

150 and conductive layer 132 using a patterning and metal deposition process such as sputtering,
electrolytic'plating, saritheleefréléss platingc Cohdbctive Ryer 152 eaf belore 6PMOPE layers of Al, Cu, Sn,

Ni, Au, Ag titapiung (1; ngstens(W), TWEepsTi/Gu senether suitable glecttcally sonductive material.
One portion of conductive layer 152 is electrically connected to conductive layer 132 of semiconductor die

124. OthEéPPErEiBRS Bf EoRduttve 1ayer 1521¢&T bé klettrcallyCommeh df afecticAlyisdlatet depending
on the designsand functign:of semiconauctordiedi?4s a2 first row of contact pads is

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
process through a photoresist layer to expose conductive layer

132.
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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 250C) 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 adhe$Pntd fnsul&ting® BeF 256" anl Tontia e thyEr 152 SR EANG Brocess for

insulating layet: 454 fvplvas-a swulti-step.dwall profile,.e. 8.1 aith aldeastdbreediffereny dwell steps, to
enhance mechanical and adhesion properties to insulating layer 150 and conductive layer 152 under
POT, e.g5 X400 %glcrm2%or 696 500 oS GHAST: WitHdbt intfoducing surface wrinkle after curing. The
multi-step dwell profilernclddesia fisst dwellistep avith, a temperaduredass thar t0C,1e.gnd0290C, for
30-90 minutes to remove solv nl% and moisture, s con%flgvel step with a tim eratlére béetwee 120-150C
for 30-60tinutes, andthitd dwellstép Withd' te?ﬂ%)éer% etwBel 1867 240¢ %5r 66-180FhihGtes.

The insulating Jayer Abdhassa tensilestrength »100 MRa, high elpngation >20%gm and modulus <3.0 Gpa
under 25C. In garticular a CIE for insulating layer 154.is selqectecd to be differ%%t fra éhe CIIE of insulating
layer 150: For e%grrﬁrb ec,ltthés’ 1iﬁlgco%‘hllﬁ:s,euIéljt}]ngrla?/ers 154 is°setected in the rawnlge of 90- %beﬁlpm.
Alternativ&ly; the SIEaf imgulatnglayer b0 ésasgledtedutd oei90r156 ppm apd the €4E of msulating layer

154 is selected to be 30- pm, In ane embodiment, CIE of insulating layer 150 is selected to be 73
ppm, and’ t%éeél]Eogf iﬁgu?%%%g ?éjyje?cl%ﬁ%g%%ec%e'd togggglzg?:)p#ﬁ%Bof%io%xg%sljﬁgualléﬁngof%yer 154 is

removed Wﬁeﬂchﬂr@pr@g@gjfoﬁexgampmgV@qoosur_eSf@MWéd bea/ltethﬂrfemimalt@\@dping, or laser
(UV or excimer lasen:via djlling onjy, fo expgse conduciive Jayer 182. 1., Thediffgrent CIES of

insulating layers 150 and 154 create a dielectric gradient across interconnect structure 158. The dielectric
gradient fedliices $tress it edddyeinsalatiig fayers 150 @il 548wy temperature SyERTS, e.g., during

reliability tesfing, espegially 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,
msmaﬂnggwgﬁg@gyaﬁgQggive bonding film or etch-stop layer.

Semiconductor die 124 from FIGs. 3a-3c is aligned with
and mounted to carrier 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
encapsulant 144 is removed by grinder 148 in an optional back

grinding operation to planarize the encapsulant and expose back
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have similar CIE, e.g., +/- 30ppm/0. The insulating layer 150 has good adhesion to conductive layer 132,
insulating layer 134, and encapsulant 144 during the build-up process and after curing, as well as good
mechanical properties of tensile strength > 100 MPa and high elongation > 20%. The insulating layer 154
has good adhesion to insulting layer 150 and conductive layer 152, as well as good mechanical properties
of tensile strength > 100 MPa and high elongation (> 20%). In addition, insulating layer 154 has a dense
material StrdctareStolisibeiebr dERY ThE Mistare Pefettation infd e @hatherTSRb A insulating

layer 150; 480644 intesfasecrnd d S5PHinterface. The dense state of insulating layer 154 also improves
reliability in uHAST and POT and prevents interface delamination at the 150/144 interface and 150/134
interface. In arfStREr-eRbBEintertinshfating fayer8 1564nd 154 AAYe §BEE BHRESIoN to
conductiveskayer 132, insulatinghlayen 184, and eneapswaninldd; asnwethas gead mechanica) properties of

tensile strength > 100 MPa and high elongation > 20%. TZ; insulating layer 150 is cured at higher
temperath for BSEHTHE THOCT A0 danile RECNRInG Tt 101 9 LERer arlBARF temperatue. e..
215C +/- d0&hThegifferent etring temperatures lexeobeentactresistancedketiveen conductive layers 132

and 152, and package temperature, cycling test reliability per ance due to different residue stress,
warpage bréﬁla%%%lcﬁﬁ-;aa Fnrg CEOE%KOI ?nn%eesneceaoplal)}erg VD@%?boﬁéuét‘R/%wgyérnlgéGzhd%nhance
interface between 150 ABndF152. urdder differenstepenatures. dielectnrElG. Yayaarelkettlically conductive

bump ma%eriali d p]osited aqver onducti've Ia]yeﬁ 22 using an evap raﬁi , electrolytic plating,
electrolessoéfaﬁﬁg,gbaﬁrdr%)%,sgr gcctrle%% prfarl] iﬁg préce’ss?l}ﬁ% SU%S Irﬁate?i'a 'caarllnt?e X ,eSn, Ni, Au, Ag,
Pb, B1, Cssoidet, and dombinatiohsthereb$ Avitks an @plienalfhixisoluticr: For example, the bump

material can be eutedtic Sn/Ep, high:lead r§8',de&_»"fs'g?%!fe@o%oé%fg Thehymp material.ig bonded to
conductive layer 152 using a suitable attachment or bonding process. In one embodiment, the bump
material isagfiawed bydrtingthe pidtenal above itsameltingPointts formbals orbampsesiss. In some

applications, humps:156 are reflowed a second;time to jmprqye:elegtrical cantast tg copdyctive layer 152.

Bumps 156 can also be compression bonded to conductive layer 152. Bumps 156 represent one type of
interconneePBREStHFE that é4R beforhed DvePBEndirctivetays 1621 Thelptetéorfrect SttGicture can also

use stud Bymp, sickahumPar Qthes electrical IMERCORBEE + i ve 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
minutes, and third dwell step with a temperature between 180-

240°C for 60-180 minutes.
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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 semicondtctoradielfr4 19 1avecl 8%t BCWALS patkage £6 With semiconductor

die 124 eleaineally, canngeteshtorcpndustive. layer 152 @anddumps 126 for exdernahddercopnect to other
semiconductor devices. In one embodiment, the CIE of insulating layer 150 is selected in the range of

30-90 pphi! drdthe BIEBTindulatiy IESEr 184 Vs 851eBEdTiAYRE rdnde 39356 Pprtt Atterhifively, the
CIE of insulatirg tayen 450 is pelectedatodee-96-d504pm apdthe GIE of iRsulatirgplayer 154 is selected to
be SO-QOIS%W. The different C%IEés,,of insulating layers 150 and 154 cr\e]ate a dielectric. gradient across
interconnect StHIctury 158, T diehshtie gradistt reducés SFessindlced Bﬁﬁsﬁﬁatﬁog 1ay8F150 and
154 duringytemperatuse cyelingl ©vge | durimgy reliability testing Jespeciallycduesto the free) baundary surface
of insula?rg.lﬁernlS%gTd CIEOmisma(;[gh bggvyleenc@sulatiilg Ialéerllé'ié) and encapsulant 144 and
semiconductor die 122 Y’ T%Pépfnsﬁatlng %Lf/er 150 is pgt?erne and cured for optimal adhesion to
conductive layer 132, insul&figg lader 134 anteencapsalany 144rof semicenducicrdied24. The curing

process for insulating layer 1510 involv mu[['-éte dwell profile to.enhance. ecklanical dhesion
propertieg?(%p égéé&rg&% %}er ngG,rlns?Jﬁlgfr%g Ial?/er %ﬁm gﬁjd gr\{ga]l:psh?asnl% ﬁﬁ,lwﬁhoﬁf] intro élg?ng surface
wrinkle. Ehelinsalating tayer 152vis pattérnetsand careebfor eptimad adhesion te institatinglayem150 and

conducti\éeflgggrsygume %ri%gr&cgﬁ Iﬁ%’,i”é‘i@g@g J_Daiyf{ 154 'rﬂ\écggg%g multj-step dwell profile to

enhance mechanical and adhesion properties to insulating layer 150 and conductive layer 152, without
introducing satfacd @finklel at ing . FIGSNGhL6Y Hiistrade,dh rélation & FIGs.cnané 2at®g; another

process quggp@goqu ECWLER ,seg]{c,orﬁzgu,ctg{lpacg@ge{@yg}gi%lpui{qryplint@&%%stmgtyre over a
semiconductor die with different CIE insulating fayers and each insulating layer optimized for adhesion to
the adjacBhtldyer. Gontinuingfrom-bre. 481 hhdRdGatig oF diefectid |ayerd 70 s fistmed over insulating

layer 134, epcapsulant 144, gnd.the expgsed candugtivedayer, 132 ysing Jamingdiop screen printing, slit
coating, spin coating, or spray coating. The insulatin% layer 170 contains one or more layers of low

temperatGR IS AN IS0 ting pttyrher Bielectiic AMatdfals CSrAUaS % ehfpéerature cure negative
tone PI, pasitive topeRBQAsner-phetesensitive polypaer distectiic with ok vdtheut filler) or

common or electrically isolated depending on the design and
function of semiconductor die 124.

In FIG. 4h, an insulating or dielectric layer 154 1is
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
152. The curing process for insulating layer 154 involves a

multi-step dwell profile, e.g., with at least three different
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other suitable dielectric material. In particular, 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, 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 POT, e.g., >400 kg/cm2 for O to 200 hours uHAST, without
introducing’ Strface Grifikle &<t LARRG S TRE TAf-sten dWefl protile fidtid ey 8 1irt ‘el <tep with a

temperatulresiess thany 100G ee.01,500-90€, ta30: 90inminutes torremove selventrand meisiure, second
dwell ste% with a temperature between 120-150C for 30-60 minutes, and third dwell step with a
temperattie Beth&er"r8d-940¢ 15°60-180"Hinttes The instiafing HHyet 176 WS H Ihsile strength >100

MPa, elopgatfent-220%; anddnedus <3 Gpa .unde 5. 1n padicstardaLIE fermsulasing layer 170 is
selected in the range of 30-90 ppm. A portion of insulating layer 170 is removed ?Z}/an %)c(pj,n process,
for examfjl%cdy%(%ogu olidwed B esttcer%rﬁ%glhde%/e%;ﬂ\é&roaﬁggéer (@Rﬁgr & calﬁluef aser) via drilling
only, to expgse candudtive,layerrl3-90 midntEG. Gb, aratlectrically conductive laypersaruRB)L. 172
formed oyer insylating laver 70 and.conductive layer 132 using.a pattpsning andmeta] deposifion
process Such as sputtering, e?é%trojry ic pafatlng, and electroless p% ing. Conductive layer 172 can be one
or more layerstaf Al, EuadShhN Audvig] Ti,sWeF IWICH, 1HCusop ettt sudabletaiectricadlBOconductive
material. One, portion ogggg%ct%/fnlggr 172 is electrically connected to conductive layer 132 of
semiconductor die 124. Other portions of conductive layer 172 can be electrically common or electrically
isolated depending on The designland functierof seémicdrductortdi@d24e strength >100

MPa, high elongation >20%, and modulus <3.0 Gpa under 25°C. 1In
particular, a CTE for insulating layer 154 is selected to be
different from the CTE of insulating layer 150. For example,
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 insulating layer 154 is
selected to be 30-90 ppm. In one embodiment, 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
layer 150 and encapsulant 144 and semiconductor die 124.

In another embodiment, insulating layers 150 and 154
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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 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 forbpfitnal Hithé&ontoinsatig layér 176 BRl/conductiilayBr 172 FFAE cdind procels for

insulatinglayet 4 64 Involves a multi-stepdwelt piefile 6:85 withvat leastthree: different shwellssteps, to
enhance mechanical and adhesion properties to insulating layer 170 and conductive layer 172 under

POT, e.g> A0 KB 110 t& 500 HEUHS BHAET, WWitholt Htr SR HgSSUrfAte WiliiE after curing. The
multi-step dwel profile Ineludes a fissicdwelkstepitha tempeeaturedess thane18ACee.g., 70-90C, for

30-90 minutes to remov Ivent and moisture, second dwell step with a temperature between 120-150C
for 30-60ThiHERES, And thi cljeh <85 Wih A tenipblAire Betiedn 1802456 fo 66180 Hiutes.
The insulating tayets 4 7d4msya tehsilérstrength »10Q MR4, telongatione>200b parc cnodulus <3.0 Gpa under

25C. In particular, a CIE for insulating layer 174 is selected to be different from the CIE of insulating layer
170, For SHAABE: e CHE BT mes T oy 14 R o Gaea TR R B o SO0 . ARermatively,
the CIE ofemsuldtingslfayendz® is>sdlédtedRe ber@D-h10ppal and dhe GhE OF insuitating layer 174 is

selected to,he 30-90 ppm.. In one eml:lodimen . Qe 1g:IE of in ulatingml er 17(1is elected to be 73 ppm,
and the &%Bolft ﬁn%ﬁfatin%ﬁgyegrgfﬁgis saeYeecIfeg %to be al%)Gappo%.n eport%negf1 i%sul%sﬁﬁél ?agyuerreﬂ 9s
removed!bycark etehingeprazess fomexarnplecUVexposaieifotiowet bytket chelnicakdeleloping, or laser

(UV or excimer lasep) vig Aulling anly, 1o Xpese condudtive,layen Li2. ; ¢ o - £ Alternaively, insulating

layer 174 has a dense structure after the multi-step dwell curing profile to biock or delay the moisture
penetratioR td Ite filmt carfchtrrerefofd intd istfatigaiage 07 0,170 P44 e riaces and =17 0113@ interface.

In FIG. 6d.a slecticall condygive layeranROLALD foeed.aye instlating layerl#4,8ad conductive

layer 172 using a patterning and metal deposition process such as sputtering, electrolytic plating, and
electrolesepifing aCorductivelager Trb ¢t bé Bhedraf6redagers df/AI3Eul BReNE e Ag, Ti, W,

TiW/Cu, li/ Cu, or other suitable glectrically conduective; material 1 Qe poptignofeanductive ayer 176 is
electrically connected to conductive layer 172. Other portions of conductive layer 176 can be electrically

common 't BfeciCslly d6dIa et de gehdiiy o1 e HesigAErd fiRdtion 8Fsermfcondudtoy Bie 124.

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,
electrolytic plating, electroless plating, ball drop, or screen

printing process. The bump material can be Al, Sn, Ni, Au, Ag,
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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 250C) 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 forfoptintt adhBsiontoGrculatiiiayer P74 ahd CondbEfireR§er 176 MTHRE cORtig Brstess for
insulating:fayer 448 invialves a rpulticstapsive]l prafilenesge, With at least tuee diffesentdwelksteps, to
enhance mechanical and adhesion_properties to insulating layer 174 and conductive layer 176 under
POT, e.g° M40t kJIe2 TFE 0 BBOHOUrs BRHASTE Withott intfodtiRing sUrceWRRkIBARBF taring. The
multi-step dwiell ipiefile ircludesia ditstwwealbstep withva temperajuredess Bian H0QAGC,e.ge0-90C, for
30-90 migute to remove solvent %nd moistur% second dwetlk\%eg with a temperature between 120-150C
for 30-60 minutds? dndthird dvell stey With™ e?ﬁ%éf}%\ﬂﬁé bellte&h 180™246¢ ¥6r-60-180 minutes.

The insulating dayet 178 hasaa tensilerstrengthe»100 MPaywiorigatians1200h gapd modutus €3.6Gpa under
25C. In particular, a CIE for i ting layer 178 is selected to be different from the CIE of insulating
ayors 1AGanT 174, FOTSam, the O ST aig et 158 % SUbEsa RANG TH0-150 pprm.
Alternativedyf, the €IEof srsubatthg: isnselectethtohevel @180 tppiw,ahe CiEtefansulating is selected to be

90-110 pg[jnﬁg@g the Clgaof ins I%t'yg I eanlZS %%electedétg be %0-90 ne e@gggiéngent, the CIE

m. In o
of insulating Iaye;:ﬁ](?is Selécted 16 be 3up5m, the CTE of msﬁ%tmge; Ig)cl%ﬁ)rpﬁefigls% ected to be 106 ppm,

and the = ofdnsating tayer 178 is Selectedltordse 126 ppﬁplﬁep@mm_@ﬁemﬂﬂmm@léyer 178 is removed
by an etching progess. for example exposurefollgwed yyiet neical develaning: grlgsgr (UV or

excimer laser) via drilling only, to expose conductive layer 176.
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
insulating layer 154 is selected to be 30-90 ppm. The different

CTEs of insulating layers 150 and 154 create a dielectric
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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 insulating layer 178 and 178/174 interface.
The different CIEs 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 ByfeF 26 SiySah eVardrafion Sléctroy i piatiRg, leléctrolt8s phatmbS 64 dfop, or screen
printing pFecesse Thehuimp matetialcan Bedl: &m NiyAunAg1RR.1BY, Cuysalden andsembinations
thereof, with an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead
solder, of iRaHFee SHIHEF. TFhe 5urfip Tdteal is tdnded 6 tBAdGEIVE Ry ert76 GSinG I Suitable
attachmest pe boading praeesss In pae emkodicent dhe bamprmateriat is reflowedibyyheating-the
material ahove its melting point to form balls or bumps 180. In some applications, bumps 180 are
reflowed B <ecBHd (e o BIBVE bIGtHHER ContALt 18 S drva igger £75. Hthinps 180 can also be
compression ondedia conductive layeri Ee,mBumps 18Q«eprasent one type of Interconnect structure

that can be formed over conducti\ie Ia}/er 116. The Hr]alcarconnecttsct(reurcturﬁ can also us s%%q: bump, micro

bump, or other eIectricaPl%telr%Hngc TN Y The InSU|<':i|Ianp I%yers , 1%(?aﬁ&]ﬁ , conductive layer

172 and 2%6,iardlbamips 4.80rcanstitua adaildvwgp rerconhéet, stiucturesi8hfpried<vet aétive surface
130 of semi on%ucca'{orsgli%lrééé@vrltdi)eg%apsuIant 144. Semic%rq(:ieucf?r4die ]%gleand build-up Interconnect

e X Semlconducto . .curin L.
structureal% repres%nt an in a reconstituted wafer form. The reconstltute& V\%fel‘ IS smgulated

through hiildags mtéreonmnectstaicture 182vamd éhCapsuiantviadd wsing atsaws blededrddser cutting tool
183 into ipdivjdual EGWLEpackadgs 184, containing semiganductor dis 124, s o5 o
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
temperature cure negative tone PI, positive tone PBO, non-

photosensitive polymer dielectric with or without filler, or
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FIG. 7 shows ECWLP package 184 with semiconductor die 124 electrically connected to conductive
layers 172 and 176 and bumps 180 for external interconnect to other semiconductor devices. The
different CIEs 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 cyclin The insulating layer 170 is patterned and cured for optimal adhesion

to condu&f\}éelﬁyéﬂlf’éﬁk?ﬁ??ulgﬂﬁgl%?@ 1S4 M Encapsulaht 184 oF Semtconduttt thé 122 9The curing
process fox {nsulating layerbfQ svelvesanaulizstep dwell prsfiledoienhanse imechanical and adhesion
properties to conductive_layer 132, insulating layer 134, and encapsulant 144, without introducing surface
wrinkle. THEMSGiating Ia}féfelrmlig?p(attéw a &E@rejoa%?ﬁpﬂi%g aBREsiIGR (G TSulaMG 1ayer 170 and
conductiverlayemnlé2nthe-insulading layer.178rhas adensile sttengih 2100 MRa,seloagation >20%, and

modulus <3.0 Gp der 25C. lternatively, insulating layer 170 has a tensile strength >100
MPa, elohgation fﬁ&%‘ﬁﬂ%ﬁ%&mﬁs Q@ﬁ'éﬁ%tlﬁ%e?‘ﬁ% : Tﬁg qg%&gﬂng?ra%/éf 178'Has™H dense structure

after the madtsstephdwell duririgprafite tovklbtk maistape trotherPGhcEhevdnsutatingdayemt74 can have
propertieg&f1 egq(e)rnir?sglatigg Ialyéesr _ 7((3) or iﬂ?%%gq%lay 5178. 139 i\rl1vsh”ﬁa ne or greeembO(ji_mer_\ts
of the presen?lnventlgn Havé been illustrated in etaﬁ, the'skilled artisan wil appregla & that modifications
and adaptatiorsitd thoseembogirmentsimaydemade withoat depdrfing fpnettie scopelofthe present
inventionZ%SOS%tgglgg i%%@llowiingn%%ignsintroducing 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 170 has a tensile strength >100

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

die 124. Other portions of conductive layer 172 can be

electrically common or electrically isolated depending on the
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor die; forming a first insulating layer over the semiconductor die;

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
selected to be 30-90 ppm. In one embodiment, the CTE of

insulating layer 170 is selected to be 73 ppm, and the CTE of
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forming a first conductive layer over the first insulating Layer; and forming a second insulating layer
over the first insulating layer and first conductive layer, the second insulating layer having a coefficient of
thermal expansion (CIE) different than a CIE of the first insulating layer. 2. The method of claim 1,
wherein the CIE of the first insulating layer is within a first range. 3. The method of claim 2, wherein the
CIE of the second insulating layer is within a second range different than the first range. 4. The method of

claim 1, fﬁﬂﬁ@llﬁl%mdtayeﬁuﬂiﬁé the first %T?S%Tfﬁﬁﬁgtlayaewiw ?nlﬂﬁ)ﬁ}e dwelR&/clesd éhhance
adhesionitedhe semiepndugter diesand 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 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 1is
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
optimal adhesion to insulating layer 174 and conductive layer

176. The curing process for insulating layer 178 involves a
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curing the second insulating layer with multiple dwell cycles to enhance adhesion to the first insulating

layer and first conductive layer. 5. The method of claim 4, wherein the multiple dwell 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. 6. The method

of claim 1, further including: forming a second conductive Ia¥er over the second insulating layer and
fkstcondﬂﬂ%ﬁ%%@%?gﬂﬂwell 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
insulating layer 178 and 178/174 interface.

The different CTEs of insulating layers 170, 174, and
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forming a third insulating layer over the second insulating layer and second conductive layer. 7. The
method of claim 6, further including curing the third insulating layer with multiple dwell cycles to block
moisture. 8. 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 1aYef hafihG sfcsEffidiBht ot the ARArexpRANSHIT(CIR) diffeféittnaR A-CIE-6HhBYSt insulating

layer. 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.

FIG. 7 shows ECWLP package 184 with semiconductor die

124 electrically connected to conductive layers 172 and 176 and
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9. The semiconductor device of claim 8, wherein the CIE of the first insulating layer is within a first range.
10. The semiconductor device of claim 8, wherein the CIE of the second insulating layer is within a
second range different than the first range. 11. The semiconductor device of claim 8, wherein the first
insulating layer is cured with multiple dwell cycles to enhance adhesion to the semiconductor die, and the
second insulating layer cured with multiple dwell cycles to enhance adhesion to the first insulating layer

and first CoFAUELIVE Yayer T 125 FRESRMidONHRICtS d&ide bPcIAIM 21 virdtefiPthadhtfible dwell cycles
include adisstidwell stepnwithy a first:temperature for a firsttimeperiods seeend dwell step, with @ second
temperature for a second time period, and third dwell step with a third temperature for a third time period.

13. The sefficGREEr Gevidé bF Elaim B, AiritrerSRAuaing © 8 SetBhE toREGGRE 185EMOMMES over the
second insudatingriayeciard first condyetivgilayer; asduces 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.

27—



a third insulating layer formed over the second insulating layer and second conductive layer, wherein the
second insulating layer or third insulating layer is cured with multiple dwell cycles to a dense state to block
moisture.

Claims

What is claimed:

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

providing a semiconductor die;

forming a first insulating layer over the semiconductor
die;

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

forming a second insulating layer 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.

2. The method of claim 1, wherein the CTE of the first

insulating layer is within a first range.

3. The method of claim 2, wherein the CTE of the second
insulating layer is within a second range different than the

first range.

4. The method of claim 1, further including:
curing the first insulating layer with multiple dwell
cycles to enhance adhesion to the semiconductor die; and
curing the second insulating layer with multiple dwell
cycles to enhance adhesion to the first insulating layer and

first conductive layer.

5. The method of claim 4, wherein the multiple dwell cycles

include a first dwell step with a first temperature for a first
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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.

6. The method of claim 1, further including:

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

forming a third insulating layer over the second insulating

layer and second conductive layer.

7. The method of claim 6, further including curing the third

insulating layer with multiple dwell cycles to block moisture.

8. 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.

9. The semiconductor device of claim 8, wherein the CTE of the

first insulating layer is within a first range.

10. The semiconductor device of claim 8, wherein the CTE of the

second insulating layer is within a second range different than

the first range.
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11. The semiconductor device of claim 8, wherein the first
insulating layer is cured with multiple dwell cycles to enhance
adhesion to the semiconductor die, and the second insulating
layer cured with multiple dwell cycles to enhance adhesion to

the first insulating layer and first conductive layer.

12. The semiconductor device of claim 11 wherein the multiple
dwell 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.

13. The semiconductor device of claim 8, 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, wherein the second insulating
layer or third insulating layer is cured with multiple dwell

cycles to a dense state to block moisture.
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