SEMICONDUCTOR DEVICE AND METHOD OF FORMING COMPLIANT STRESS RELIEF BUFFER

AROUND LARGE ARRAY WLCSP 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

compliant stress relief buffer around a large array WLCSP and FO-WLCSP. Background of the Invention

Semiconductor devices are commcigﬁ/ found in modern electronic £roducts. Semiconductor devices vary
|

in the numbe?ﬁﬂ&%%ﬂgﬁ')?ﬁ’gleeﬁ FEoMIBnEREEER DBt eFEMEN G TP §dhtds ﬁgﬁ%ﬁy contain
one type of electrical comp&?&fﬁ?‘g.g]?‘,q 5%98@0&@&%)9% ﬂé‘rﬁqransistor, resistor,

capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain_ht:ﬂc?re S t%‘millions of electrical components. Examples of

integrated semiconductor devices inclidEHicr3toft?SlietE RT3 cessors, charged-coupled devices

(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of functionsrﬁuch as hi%h-speed calculationﬁr, transmittinﬁ and relceiving electromagnetic

. . e .present invention relates in Jgeneral o 7. . L
signals, controlling electroni€ devices, transeformlng sunlightto eléct C|Ify, and creating visual projections
for televisien displaysc Semidenducter devicesnaresfopadtin thel helds of eatertasrmeénty,nductor

device and method of forming a compliant stress relief buffer

around a large array WLCSP and FO-WLCSP.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the

application of an electric field or base current or through the process of doping. Doping Introduces
impuritie$ S 1S SeMfcondatdr mateRaltertiafiptiaté aid contrdF thecorfduE it ofthe semiconductor

device. milit#ArSerisonductor davice Lontaing active.anchpassive elecdrical structures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & e GBI base current, the transistor either promotes or
restricts the flow of elegkicateursenit Bassive strustuses, linaludingaesistars raapacitors, and inductors,
create a relationship be%/vﬁeen voltaégge O{amd current necessary to perform a varietéof electrical functions.

The passive’Bid atfive Sttudtifes St dIsshitall coinettéd to form Gretits Swiich nabie the™
semicondugtdrcdevice: tooperfarme hightspeetbealculatord and other usefildunrdtionsty to be

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

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

. Impur i S £ S er1al’/to, nan ..
passive corr?ponents. Back-end manufacturing Involves singulating |nd|V|8ue]ﬂ e <)flrom tahe finished wafer

andpackagn@mmé(ﬁgagconductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



provide structural support and environmental isolation. One goal of semiconductor manufacturing
is to produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprint, which is desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive

componentS Batk-eiid Broceseds mayHesilt #1'SeRitohtt et dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packagingatedals ing is WLCHPaNELEO-WLCSP
often contain large array semiconductor die that redistribute signal paths from fine pitch bonding pads of
the die to A2 peripheRy farRout &b ToPRghEF functichal infegration o ekiémial 8vicds. The large array
WLCSP arenknown ta-expesience reliability prablemse i paritieular avithsseldergaint éailbiresi dusag
temperature cyclin? and dro; impact test'%% In addition, ]tHe Iarge arra ri}QLCSPS tend to have a warpage
issue dud't thelarge"dig size’ Sun%ﬁlua%?l thedRvertish ~SF >R 1edd &8 o FEUSE Solder joint
failure in targe afrayn/LGSP and H0-WWI-CSkhAceordingly 4 ome lembodimeand, ithe present invention is a
method of making a semiconductor device comprising the steps. of formjng a stress relief puffer, providing
 remporh trate. foaig S St R S e Ty B e CYSLig e sress
relief buffen¢o thectempordryrsubistiate asgund-thessemiconductordiesdepasiting an@neapsulant between

the semicandi.clar die ang, stiess relif bulffer, seoving,the temporarysubstzate, and forping an
interconnect structure over the semiconductor die, encapsu[ant, and stress relief buffer. e’interconnect

structureis elettrically eennected o tiver sériicoreluctotidigies with a smaller footprint

by improvements in electrical interconnection and packaging
materials.

WLCSP and FO-WLCSP often contain large array
semiconductor die that redistribute signal paths from fine pitch
bonding pads of the die to the periphery fan-out area for higher
functional integration to external devices. The large array
WLCSP are known to experience reliability problems, in
particular with solder joint failures during temperature cycling
and drop impact testing. In addition, the large array WLCSPs

tend to have a warpage issue due to the large die size.
Summary of the Invention

A need exists to reduce solder joint failure in large
array WLCSP and FO-WLCSP. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of forming a stress relief buffer,
providing a temporary substrate, mounting a semiconductor die to
the temporary substrate, mounting the stress relief buffer to
the temporary substrate around the semiconductor die, depositing

an encapsulant between the semiconductor die and stress relief



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a temporary substrate, mounting a semiconductor die or component to the
temporary substrate, forming a stress relief layer over the temporary substrate, depositing an encapsulant
over the stress relief buffer and semiconductor die or component, removing the temporary substrate, and
forming an interconnect structure over the semiconductor die or component and stress relief layer. The

interconneef SfteturERBIeSFcaPediiEcted fo the &ethit8hductdr diet °* ™9 | &nother embodiment,
the presemt invertignds a nethedaf reaking a semicerguctendeNiee compasingibestepsefproviding a
temporary substrate, mounting a semiconductor die or component to the temporary substrate, mounting a

stress refiStbuffef T the fetiporalPddisstrate, B dePSsitiy A% hedpsuisitBetween the stress relief
buffer and sestieandicter dieotfconppnent.che senld @netherembaediment, the present invention is a

semiconductor device comprising a ser{gg:onductor die Er com oner%t and stress relief buffer disposed
around the semiconductor A& 6r EEmBBREN: AR Encapsiaht isdepositad Betwesh the Stress relief buffer
and semieenductobdienarkciompenentrAn dnterconnectistiucturecisriptmed overthe semicenductor die or

component and stress arleljceg Htl)uffer. The mktjesrgonnect structucrg is electrlcallg golcrgle%ted tg the

semiconductor die of compor1pr—:(?1faE?’iefg Bescr?ﬁt%%’oﬂﬁgrbra\rfvﬂﬁgas SEMLEORE 1 Mustrates & PCB with

different types @f packages meunhtedotoritsrsurfades E1Gs.c2a-2o Hhustrate furthes detaikdfithé
layer over the temporary substrate, depositing an encapsulant
over the stress relief buffer and semiconductor die or
component, removing the temporary substrate, and forming an
interconnect structure over the semiconductor die or component
and stress relief layer. The interconnect structure is
electrically connected to the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary substrate, mounting a semiconductor die or
component to the temporary substrate, mounting a stress relief
buffer to the temporary substrate, and depositing an encapsulant
between the stress relief buffer and semiconductor die or
component.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and stress relief buffer disposed around the semiconductor die
or component. An encapsulant is deposited between the stress
relief buffer and semiconductor die or component. An
interconnect structure is formed over the semiconductor die or
component and stress relief buffer. The interconnect structure

is electrically connected to the semiconductor die or component.



representative semiconductor packages mounted to the PCB; FIGs. 3a-3f lllustrate a process of forming a
compliant stress relief buffer around a semiconductor die; FIG. 4 lllustrates a FO-WLCSP with the stress
relief buffer around the semiconductor die; FIGs. 5a-5b lllustrate the stress relief buffer extending
partially or completely along a side of the FO-WLCSP; FIG. 6 lllustrates a multi-layer composite
stress relief buffer; FIG. 7 lllustrates a_stiffener mounted over the stress relief buffer and

semiconductor die; FIGH AbisBERESH B dAPIaEr formedha e Sfess relief buffer;

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-3f illustrate a process of forming a
compliant stress relief buffer around a semiconductor die;

FIG. 4 illustrates a FO-WLCSP with the stress relief
buffer around the semiconductor die;

FIGs. 5a-5b illustrate the stress relief buffer
extending partially or completely along a side of the FO-WLCSP;

FIG. 6 illustrates a multi-layer composite stress
relief buffer;

FIG. 7 illustrates a stiffener mounted over the stress
relief buffer and semiconductor die;

FIG. 8 illustrates a circuit layer formed in the
stress relief buffer;

FIGs. 9a-9b illustrate a stiffener formed over a
stress relief buffer that is thinner than the semiconductor die;

FIGs. 10a-10c illustrate a process of forming a
compliant stress relief layer around a semiconductor die; and

FIGs. 1lla-11b illustrate the FO-WLCSP with the stress

relief layer around the semiconductor die.

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



FIGs. 9a-9b lllustrate a stiffener formed over a stress relief buffer that is thinner than the semiconductor

die; FIGs. 10a-10c lllustrate a process of forming a compliant stress relief layer around a
semiconductor die; and FIGs. lla-llb illustrate the FO-WLCSP with the stress relief layer around
the semiconductor die. 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
represenffféSsaié of SihifarglémeRfs. Wik theGRventiinis destfied irFtefrhsof the best mode for
achieving:theriaventions phjeetives itawill be-appreciated by thasesskilled indhe artthat i is intended to
cover alternatives, modifications, and equivalents as may be included within the spirit and scope of the
invention 4y §&firfett by it dpehddiCddifs and tHifr eqUiValeHts a0t tethy theé fffowing

disclosurerpnthdrawingsshin the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
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



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of
electricalTurfent. Passive electrical GoMpoRénts, SUeH 88 tapacitors, inductors, resistors, and

transformers, create a selatiorship bepreern veltaganarmheurrentnecessancto parformelestrisal circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by Betiest proidedd stépd fchithing 4GHinG" d8positicn, PHotGIthography; étfing, SRt
planarizatien fbeping intfoduces-mpiities intedbe semiconductor imatesiabiby &achnigiesisuch as ion
implantation or thermal diffusion. %he do%ing rocess modifies the electrical conducti ité/ of semiconductor
material IRActivE Hevites  HaRsformily the semiCondttS matsriat into an‘hsHABICeSHdUCIdT, or
dynamicallylchatgingstheisemieenductopmate rial @andudtivitypn respanse ito asneléctvio ffield or base

current. Tr%wlstorﬁ contain regions cl)ta\{%r ng}%B?s ang degrees %f.doplri% eranged ag necessary to

enable the tfansistor E]oagr%rmo e'or restrict th w bf Electrical carrent dopon thrégdpp%ation of the electric

field or baseecurredtess plaActive and passive comparents grerformeddelayérsyof materials with

different elegtcriec]grllgr p&gtiers. The Ia;é/%risochsn l% foargltegvt@/ a varieltﬁye%f dseposition it\(;(éhniques determined

. m, po o B EEE . .

in part bypt?ie type of materia elr?g eposited. For example, thin fiim eposﬁlon may involve chemical
vapor deposition¢CVD), physicat vaporcdeépasitiore(P\DY)) eldrttohgierplatimg arehélectroless plating
processes. Each Iayeri'%geri%@& gagggpe}getogggg Jololy '%su%fiqjc(ﬁiv&gg%oing%%p%ﬁgyg components,
or electrical connections between components. The layers can be patterned using
photolithadgraphy iwkieh Yavolvés tigegesositiomofdight Sehsitive nfatéAals elep shoteresist,- Gver the layer

to be pattgred, A patter is fransferred from a photamask to the photorgsist using,fight; The portion of

the photoresist pattern subjected to light iS removed using a solvent, exposing portions of the underlying

layer to berpatferigd SThe Fsiainderef tiegstotdresist s MG feding'béRifid & patterned layer.
Alternatively, some types of materials arg patterned.py directlysdepesiting;thejmatesial infq the areas or

voids formed by a previous deposition/etch process using techniques such as electroless and electrolytic
plating. removed using a solvent, exposing portions of the underlying

layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are

added to the surface of the wafer during polishing. The



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 waferr@ig FoliSAHg: TheC eontbitedPmethahital difonofthe Abrasive ARd tBfrosive dttion of the
chemicalgemoves anyriregular topogeaphyh fFesulting;in a unfepalyfab syrfaee sult i ngack-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for'Striciufadsupport it éRvifonmental isolation. To singulate the die, the wafer is scored and
broken along non-functianalregions of tite watericalled sawrsireets o seribes. dthe wafer is singulated
using a laser cutting.tool or saw plade. After singulation, the individual die are mounted to a package
substrate“thaf theftides it %r\%éﬁltjaée?ﬁé}jsw fao%gﬁte%b%%eﬁfgn With ot EHSystém comisone %1. Contact
pads formed buerithe semicandudtordietaredhem cbneegtpdta cantact pads withéamthelpackage. The
electrical .csgnfggti%r}ls car(]jl_ge Smade \ﬁ/it esojaq% bélmeps,tt%d b% pS, cosndsuggv%gagtned %wgﬁgggnds. An
encapsul%m?or other mol ing materiaf is depositedL oler the ﬁqac agejto prowae physical support and
electricaldsalatiomcrhetfimished padtkagesisdhen afserted intofair electricall systensame thesfunctionality of
the semiconductor device is made available to the other system companents. . . FIG. 1 illustrates
electronic 85\#83 B0 ha{\(/%fr?g ac ?prcalr?ie? su élt%éqtgeo? plﬁi%enog ci?c%tal%oeé:rdc(ﬁ%%ﬁ%% v%/ﬁf% pﬁarality of
semicondustoropackagesmidurrted ondtslsurfave. Etdctronicidevide 50 may have oheuypedf to
semicondugtor package,,or multiple types of semigandyctor packages deending, op the application. The
different types of sémiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronié degice B0'may bena sidhnd-albhe systeat tat eses Me sémicordector packages to perform one
or more elgetrical fypgtions, Alternatively; elactionic; device 50,may be a.sihcomponent of g larger
system. For example, electronic device 50 may be a graphics card, network interface card, or other signal
processimye&rdithabéan besnsetdthitifo a cohfputere Theserliconduaoi-pacikagescarinciides
microprogessers,Jngmorissrarplication spegifi integrated circWSASIC), lggic,gircuits nanalog circuits,
RF circuits, discrete devices, or other semiconductor die or electrical components.

An encapsulant or other molding material is deposited over the

package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

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

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may

be a subcomponent of a larger system. For example, electronic



In FIG. 1, PCB 52 provides a general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor I5packages, mounted components, and other external sgstem components. Traces 54

also provitfe’ péiveP AndGrodifl GorfHetiBhs o 8a¢h of tHe dEhiconaitabr pACkagesd: °F  In some
embodiments: @ sgrgicandyetor devica hasdwe packagingevels.hisstievel pagkagiag is a technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packaging IAVBIVES mechBRicaMy afa sfetthcdiyRahiy thalintemtdiiie carrier to the PCB. In other
embodiments; @cseraicopductpr deviee 1aay, onlydiavedhbe dirstdevel packagingagieredbe die is
mechanically and electrically mounted directly tp the PCB. For.the purpose of illustration, several

cal .
types of firsf eV Sac %ﬁ% Inclading wird 56d Backatis 56 afid i &fip 58 aré ShSWh oI PCB 52.
Additionally sgeveral types ofsecand levekpackaging, iacluding ball gricrareay=(BGAYX6Q, bump chip
carrier (BgOCI:T? 6(532rl dn aéin-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MCM) 68,
quad flat non-leade package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Depending upon the systemTequirements, ahywomhinatioreobsemicenductor paekageSy configured with
any combipation of first and second level packaging styles, as well as other electronic components, can
be connesc?é:o}1 t%%é%%zs.liﬁ%%%e em oglrr?grklctgl eﬁl%:-?:trolrﬂllsct:e e%%%nfOC%cPu%eg%f single attached
semicondugtorcpackagerwhite otlsereembodiments call forendlfiple intepcohnetctetpackages. By

combining one.Qr mgre, semicondugtog packages pyer a single, suhsiiate, manufagiurgrscayincorporate

pre-made components into electronic devices and systems. Because the semiconductor packages
include sophisticateddarctiohality, elettroniclddvicedart bamarrufactbired gsingicheapagecomponents

and a streamlined manufacturing progass. The resulting deviges are less likely to fail.and less expensive

K
to manufacture resulting in a fower cost for consumers. FIGs. 2a-2c show exemplary
semiconducitrrpackages SFIG Zriflystiates furtiveradetail 6RDIF 8B HotHaE v PEBSBZE Semiconductor

die 74 inclydes g active Legion SARaINIAG analag.gi-digital circuits implemented as acfive devices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconrfeetstr a&eor8ingao the efsttriGl Besiyftfthe die- Fof exampld, tRe Rirelit ArayPirtRie one or

more trangistors, Qe se BIUCLArs ceaPaCH oL, Fesistorsrandsether sikeuit-elements formed within the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,

such as aluminum (A1) opPBR (CHP A ERI Hicket (NFTgAaTAYS G Silder Ay, &3¢ afd'lectrically
connectegdderhg citguit elements fermed withinesserpiserdugctardies’4 Duwmhg.assembly of DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutecéifela){%r or

adheﬂveWﬁg&ﬁﬁﬁgﬁa%gsﬂﬂgnﬁ&eCtrlcally attaching the” sémiconductor

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



epoxy. The package body Includes an insulative packaging material such as polymer or ceramic.
Conductor leads 80 and wire bonds 82 provide electrical Interconnect between semiconductor die 74 and
PCB 52. Encapsulant 84 is deposited over the package for environmental protection by preventing
moisture and particles from entering the package and contaminating die 74 or wire bonds 82.

FIG. 2b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90°&hg &n Uil oP epSxyireEit ddhésiVe REtEASI02! Wiré bonds 94 provide st 18%el packing

Interconnect betweemegdaetipafds,9% and198. Maldiag cospounshIrancapsulant 400 is.depesited over
semiconductor die 88 and wire bonds 94 to provide physical support and electrical isolation for the device

Contact $Hds>F82 SR fOrmedoR? &' ditfite dfPEB B2 5Eing 4 SitaBRe metar 4epbLitidn Pfocess such as
electrolyticiplating o4 elestrotess plating eprexenhoxidatian: Sonactpads 02 arenelectrically connected
to one or more conductive signal traces 54 in PCB 52. Bumgg 1t04 are for,éged between contact pads 98
of BCC 62 and EShtact p()zéD 1078 PCESS P CONRE: C, Serhiconddctor dié 58 & mounted face
down to intesmediate tcayrier Htcwith adflip ehipcstyledirshlevelqeackagngn Active regioh 498 of
semiconductor c(l)ig (?8 rtontains qﬁnalo or ig&tal coirtcklljits Im{g{)frg%nted as acctiY? dgvices %ssi\i% devices,

conducti\/seef%§/grs, and dieleBtric gﬁeré formed accor%ljl'ﬁnge he electrical dae5|gn of thltléltl ie. For example,

the circuit mayrinclude onedoromokeatyansistory, diodés, inductorss capacitors, resistarspdnd other circuit

elements within active region 108, S ml%or?bdué:}or die 5}§ |slcle£ectr|call and mechanlg%lgoco nected to

carrier 1&6%#8@5}%8%%3 110. JB%OIE 80 eﬁectrfacta?K/ and mec Ca%%a ﬁ/scocn%%ctlend: to 2 with a

BGA stylelse_cmﬁdiftemioaol_(&gimgs ugm‘gdalﬂﬂwllz.@@mm‘_nﬁge@r@jﬁeiSSYSBEI@InHically connected to
conductive signalirages %%%@8@&%%9“%99%&&%%&%"%%;H%ﬂ'l%@‘é@ps 112. A molding

compound or encapsulant 116 Is deposited over semiconductor die 58 and carrier 106 to provide physical
support ahianeslectieallisdlation fercthedeiviced Thedhs chipsericondudterteviee prevides a short

electrical gonduction. path from;the active, devices on.semicqnductor die, 58 o condugtian tragks on PCB

52 in order to reduce signal propagation distance, lower capacitance, and improve overall circuit
performaheé Yhtaristhelcerhbedintertt, thessermieSRductdPdieD8 can Be Hrechamicey ahdelettrically

connectegd.dirgetly o FCB a2 using.fip chin stylg,irst leyet packaging, witheutintermediate carrier 106.
FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-

silicon eutectic layer or adhesive material such as thermal
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FIGs. 3a-3f illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming compliant stress relief buffer
around a semiconductor die. In FIG. 3a, a substrate or carrier 120 contains temporary or sacrificial base
material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide,
or other suitable low-cost, rigid material or bulk semiconductor material for structural support. An optional
interface layer 122 can be formed over carrier 120 as a temporari adhesive bonding film or etch-stop

layer.  SPOXBemiddifuetordig or RempohBhts £54 afs mblif liNferRitekayer 22 with contact

pads 126yen aetive suiace 128 pHerted -daywnwardtaward cagien d20oActive syrface 328 contains
analog or digital circuits implemented as active devices, passive devices, conductive layers, and dielectric

layers forfed wiRit the tie Bha Ele&riEdifShetE6rnecied RSy toRE Eiétrical design and function

of the dies &01f exampte; dhe gireuiv mayriacade ohe .or marestsansistots, diodes, @sgdothereircuit elements
formed within act'pl/e surface 128 to implement analog circuits or digital circuits, such as digital signal
processof (BSPY; &Sﬁi%g%%r)fooﬁ 0 ﬁléfrlﬁﬁﬁlgiep%%éssﬁﬁé%ﬁ@ it SemeoRdictSFdit™ 24 may also
contain IRDs ssucheas ingluctars,icapacitors;andmresistots, fonKFpsighalgqeroeessing. In FIG. 3b, a

compliant stress r.eIieLbuffer ar b|991k structure 1%0 is gre-fﬁ)rmed as circular or square patches, or
onftaminating die Or wlxre bon 3 . . .
rectangul%lr Strips using a%oldlng process.l§tress relief buffer 130 contains compliant material, such as

polymer, epoxy, polymegfi¢ maiterial]l €pexy resis withrfitles ordgpoxy acnfat@dwitts flleroAltesvatively,
stress reljof fufer 130 cap he; paligiraflueroethyigne pre-mpreanated (preprea) yith a gombination of
phenolic cotton paper, epoxy, resin, woven glass, matte gfass, p&yester, and other reinforcement fibers
or fabrics; PCR beardimaterfal Withccore vayer,-oesther ddhping materia rSaéss relief Baffer 130 is

mounted i ipjerfgce @8&%@\%\}? éoécgﬁio'ﬂé&églg&é&gﬁﬂﬁgd forhump formatio,, L & & the edges or

corners of the completed FO- FIG. 3c; an encapsulant or molding compound 136 is
deposited petvisen stress EiefbdfferS130 died demicorritietottie 224 andagver Hae Sernitondsictor die to

a level even with the,stress relif bufferusing a paste panting; compressive majding, transfer molding,

liquid encapsulant molding, vacuum lamination, spin coating, or other suitable applicator. Stress relief
buffer 13BeanisethickepRivdit sémitondBeior Hi 124 86 Eheapsulaft 136 @odersisaek surface 138 of the

die. Encagsylant {36520 beypolymer compasits paateral sueh as eppxycasipwithsfilles, gpoxy acrylate
with filler, or polymer with proper filler. Encapsulant 136 is non-conductive and environmentally protects
the semic%ﬁd’u%éredé%%@f%oﬂeé%&érh‘é% eleniBits and contammantst ©Ctr ol FiGC 38 shbwa% top view of

a grouping-offodrsemicongdustos die 324 sstrassvelief buffer130,and ensapsidanik3g overcarrier 120.
Stress relief buffer 130 is mounted to Locations 132 designated for bump formation at the edges and
uxnem(ﬁ{ﬁegégahﬁagg}ly 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 flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
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In FIG. 3e, temporary carrier 120 and optional interface layer 122 are removed by chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet stripping. A
bottom-side build-up interconnect structure 140 is formed over semiconductor die 124, stress relief buffer
130, and encapsulant 136. The build-up interconnect structure 140 includes an insulating or passivation
layer 142 containing one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon oxynitride
(SION), tahtaluth pehtdkide PL20%Y YaGmimh kide(Z203)? 10t terhperaturd{<28BEF cdred-polymer
photoresisénsuchrasRenzocyclobytened BOR): pelybenzoxazoles(RBQ), ©poxy based phetosensitive
polymer dielectric, or other material having similar insulating and structural properties. The insulating layer

142 is fort€d 8ding P\AS SCVD, PRntinG, stin tBAMIE spPay BSating’ sirtefig or thetmil dxidation. A
portion okingulating dayer 142 is removed Hyasmetching process tooexpoesercontactipads 126 of
semiconductor die 124. An electricaolcly conduc i%e I%/ﬁer 144 is fornﬁ%over insulatir&% layer 142
and cont&Stpats 56 08iRg aSSAtterRing Knd me aﬂ%e% sition pro&éssSduch ss PYD; D SSputtering,
electrolytithplating, larkelectralesa glatinge Condactiviestayer 144 canibetore demore layersief Al, Cu, Ti,
TiW, Sn, J%\ﬂi,.Au, %g( or other sui(t]ﬁlb(lz%g!:ecgi(@llg conductiv emateria}ll. Cond_lﬁlgt(i:\éerlf er 144 operates as a

redistribu ioﬁﬁaffer Edﬁmb%%nportlon of cgn&uc?ivgﬁéjfelr 42 iS ef’ec?ﬁgalﬁ/ connected to contact pads

126 of semicdnductondiealti2d. Other portioas of condigctivedayemil et be @ledtricallyiconw®on or

electrically isolated depending on she designzang function of the semicnductor deyige. An
insulating or passivation layer flfé(IS formggl%iver msulatlngﬁayer 147 an con&gctlve layer 144 using
PVD, CVDx priating,ispin ¢oating) Sprayl coating; sirertg ortheraadl oxidation.<T e ivsalating layer 146
Canbeo%%?&ﬂ¥¥e$@§¥grmance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.
FIGs. 3a-3f illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming compliant stress relief buffer around a
semiconductor die. In FIG. 3a, a substrate or carrier 120
contains temporary or sacrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, or other suitable low-cost, rigid material or
bulk semiconductor material for structural support. An optional
interface layer 122 can be formed over carrier 120 as a
temporary adhesive bonding film or etch-stop layer.
Semiconductor die or components 124 are mounted to
interface layer 122 with contact pads 126 on active surface 128
oriented downward toward carrier 120. Active surface 128
contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For

example, the circuit may include one or more transistors,
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of Si02, Si3N4, SiON, Ta205, Al203, low temperature (<250C) cured polymer photoresist, such as BCB,
PBO, or epoxy based photosensitive polymer dielectric, or other material having similar insulating and
structural properties. A portion of insulating layer 146 is removed by an etching process to expose
conductive layer 144. An electrically conductive bump material is deposited over build-up
interconnect structure 140 and electrically connected to conductive layer 144 using an evaporation,
electrolyttpidfifg, 1B8ErG1EES plating CHalF dfolSBF REreehPritfing proBess. Theldting idterisl can be Al,
Sn, Ni, Au2Ag:BbiBb Camsaldesnand gormbinations theregf, yithman eptienal flux solitions fFor example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded t8 t8haadtvEaYer 184 GERGIOSuitdbie Attaltihent BFBGHdIng PFoc¥sieh SridBfbodiment, the
bump materalds saftoyved: by hieating tenmaterial aboye dts anelting peint 0 farmespherical balls or bumps
148. In some applications, bumps 148 are reflowed a second time to jmprove electrical contact to
conductive Iayer f}ffhﬁesbﬂl% 2 Cantdiso haomprassion bdnded g %gﬁaﬁdtiv%q]éyg\F 144. Bumps 148
representsane fypepafdatereamnect structure that can be formed over conductive layer 144. The
Interconnect structure E%n]fa u%eiobor}jd W(ijr%slsltggtburr%p ergicrq:b mp %8;[]1% eleoctri% | Interconnect.
FIG. 3f shows a top view of a groupihg of ?ourpsemlconﬁucrt’or die 124, Stress relief butfer 130, ‘and
encapsulant 136 with cohfact pads<l2boelmetlically conmected twbumpsad8 thedugheconductive layer

144. The fln€| §em$conduc%)srchk%g%olri%nljdlngpsemlcorslductgq:dle 1524 geneca sulant compound

136, stress (r:éifae?%ﬁ er 13 ,ralr%S Interconnéct structur 1416)?Fsesslngulatedr gltsjngﬁines 9 with saw blade

or laser cuttingedeVice _15@Ii1rt Fi@& Eeﬁ_and Bainto Iim‘jiﬁiddl_allsemi@hd@ctopdé\yim@g ,Flaowshows _
FOWLCSP 154 after singulation, Semiconductar:die 124,js electrically connected to hattor-side build-up

Interconnect Structure 140 and bumps 148. The pre-formed compliant stress relief buffer 130 is disposed
around ed@ésd, dorAdsr and dthiarpackage ntegrtyrsriticalebios SAEOaNLESP t51tdprevent failure of

bumps 148 duting erppecatuie:eypling desting and otber meshanical shock ormnact of a refiabilty or

drop test by absorbing thermo-mechanical stress. Stress relief buffer 130"has a low Young's modulus, i.e.,
less thanéHtapialah? 136 fgsutelastcity catd resilittiey ThafRResticsS aad codficint ot fietmal

expansion{Clk) similas to EB%@E%@%S than therencapgaylapt Steags,relief;puffer 130 also serves to
reduce die shifting during the encapsulation Erocess. FIGs. 5a and 5b show a cross-sectional and

top view 6fprelformel Compiant stess Feliat btiffé 1 3 ERtehdiff parfially SPEEmPRITEN 2fong a side of

FO-WLC@P182.51. stH6s6 showsan smbedimentoofiFOWLESE 154, similartedhe structure

described in FIGs. 3a-3f, with pre-formed . . .
layer 122 in locations 132 designated for bump formation, i.e.,

at the edges or corners of the completed FO-WLCSP.

In FIG. 3c, an encapsulant or molding compound 136 is
deposited between stress relief buffer 130 and semiconductor die
124 and over the semiconductor die to a level even with the
stress relief buffer using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator. Stress
relief buffer 130 can be thicker than semiconductor die 124 so
encapsulant 136 covers back surface 138 of the die. Encapsulant
136 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper
filler. Encapsulant 136 is non-conductive and environmentally

protects the semiconductor device from external elements and
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composite stress relief buffer 156 containing multiple layers. In one embodiment, composite stress relief
buffer 156 has a compliant material layer 158, silicon layer 160, and compliant material layer 158.
Alternatively, the layers of composite stress relief buffer 156 are metal/compliant material/metal, or
silicon/compliant material/silicon. Composite stress relief buffer 156 reduces warpage in FO-WLCSP 154.
By reducing warpage and CIE-induced stress, FO-WLCSP 154 has reduced solder joint failure,
particulariP RfcURttRE periphery of the semiconductor die. FIG. 7 shows an embodiment of
FO-WLCSP 162, similartio the strustie deserked;/inckGst 3a-3frwith metabstiffener or layer 164
mounted over stress relief buffer 130 and encapsulant, 136. An adhesive layer is deposited over stress
relief buffeF 1368 SRchY stitfcner 184. Sliff&itet 162 retiticBY Watpade i FONNLEESPRED IS fiffener 164
can be usethasadreat sinkiwith apoptiopakthesmakinterfaceunaterial M) sL66fon beat dissipation from
semiconductor die 124 a heat sink, stiffener 164 can be Al, Cu, or another material with high thermal
conductaty T MTES e i T HERETHor S A AT B e diner A By AtmiEbiductor die 154,
Stiffener 464 cansalst operate asiancslectromagnetic interference (EMI) or radio frequency interference
(RFI) shielding layer. As a | or RFI shielding layer, stiffener.164 can be Cu, Al, ferrite or carbonyl iron,
stainless steel, nickeléﬁ{l/e% l1%ov(/-céf?”tiont gfré%frs%;:c\énﬁrélornr%t%gl, ]f]g?P e%%(;(y,ogc}nid%%ﬁ\?e resin, and other
metals archtempasites eapablé o2 blockingeorcalzsoriving EMin RE L ard othierdnterdeliceintetference.

The shielding, layer.ca @:‘?O be a non-.me@l material such as carb(l)n-bl ck or,aluminum flake to reduce
COFE; , h 1 .

the effecgeoe?]EI\%?andr% ’ Stiffener 164 canbe Igﬁ(rjllolunn%l’edttoedrl\lr/né‘jlrt the EMI and RF| signals. FIG.

8 shows an&ambodiment offEO-WLCSR 170,. similab to- therstruictgreldeistribed in FiGs.c3ax8E wiith

pre-formed stress relief byffer.172 containing gircuit layers 176 smbedded within, compliant stress relief

material 178. Circuit layers 176 may contain analog or digital circuits Implemented as active devices,
passive desdcest condidctivellayersaand dictedtric layers fotmed Witkinkstresd relief material 178.

interconnect structure 140 includes an insulating or passivation
layer 142 containing one or more layers of silicon dioxide
(Si02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum pentoxide (Ta205), aluminum oxide (A1203), low
temperature (£250°C) cured polymer photoresist, such as
benzocyclobutene (BCB), polybenzoxazoles (PBO), epoxy based
photosensitive polymer dielectric, or other material having
similar insulating and structural properties. The insulating
layer 142 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 142 is removed by an etching process to expose
contact pads 126 of semiconductor die 124.

An electrically conductive layer 144 is formed over
insulating layer 142 and contact pads 126 using a patterning and
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer
144 can be one or more layers of Al, Cu, Ti, TiW, Sn, Ni, Au,

Ag, or other suitable electrically conductive material.
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FIG. 9a shows an embodiment of FO-WLCSP 180, similar to the structure described in FIGs. 3a-3f, with
stress relief buffer 184 made thinner than semiconductor die 124. A metal stiffener or layer 182 is
mounted over stress relief buffer 130 prior to depositing encapsulant 136. An adhesive layer is deposited
over stress relief buffer 184 to secure stiffener 182. Stiffener 182 can be formed as a window completely
around semiconductor die 124, as shown in FIG. 9b. Stiffener 182 reduces warpage in FO-WLCSP 180.
FIGs. 105084 Risti4te Lin¥8atioA to PREE 2 afd P%-2¢, o protksd Brforffing aomplAnt stress relief
layer around spaconsictar diercertinuirg withdhe structiuse desertbed-inikls. Son Acorpliant stress
relief layer 190 is formed over Interface layer 122 around semiconductor die 124 using spray coating or
screen pfiftHg: StréddFelieriay &1 95 EHT BB UepbSited pfor to moufilinty Semtonttittor dfe 124. There
may be acgapiaethere mayybe no pgapdeiweendstiess rekef layerckQinand semiconduetors glig $24. In the

case of a,gap, an %gdderfill material, sucilqas %goxy or polymeric materia%g a plied over die edge to cover
the gap t6 prevent Ui SRtHY dtng ercspstfation” strads taiist tayat 190 ¢ah be a compliant material,
such as paliymenrepoxyopolymeticamaterial, epoxy resin with filler, epoxy acrylate with filler, photo-
sensitive resist, or other compliant material having high elongation, lo dulus, and balanced CTE. In
one embodiment, stre?ic,nrei‘l(E,\II;JS |‘§§8Pi&@ is"an Fn%uf'a]t%%trﬁgfér%ﬁ%%rctll\ia%b%oﬁmfﬁéﬂsﬁeo?gﬁgon base
elastomer,neruather similae yeateridl? withd@ loenCTEL(20ppiQ or 1635} andilow RTdUIUS {2O0MPa or less).
Stress relief.layer 190 is t}/giC lly 15-100 micrometers.(pm) in thicl}ness. In FIG. 10b, an
encapsulli’iﬁtl 8% r#]%?dinj %omp%% 19%'is %%]E)%gitec(f (gnl\t/(elrn fess re |§ﬁé§gr £80 Shd semiconductor die
124 using aipsste printing; lvompresdies mraldihgy randfép nwsidingeliquigd epcapsulantimpiediryg, vacuum
lamination, spin coati other, sujtahle licator, Encapsulant 192 can be poly composite
material, tic hg%po%%%{éih v%f‘hgﬁfert?f ggc@x%/a%r?/%@wn ?megeol?pp%?fngélf Wit pl}r]ongergf?ller.
Encapsulant ¢82 ishgn<eonductiverarnd envireanméntally pidecitihe semiegnrductaradevice from external

elements an %%ntggllir%args. ol melp Ifjlg;é I’LO(c::ttelm?porar %%rkrligr 1%g gnrdio%i%au{]}lerface layer 122
are remove y chemica e?cf%ng}/mechanicaﬁpeeﬁ-o f, CMP, mecﬁanlcaﬁgrln mg,atherrﬁal bake, laser

scanning$ d;leaa_stripxpmgl ﬁbm@om@d@buﬂcbummbrmrs_ti@@ture Ag@iscfoimedcni/e_r
semicondyctondie 124 %%%IEG%SJ@'"Ef«s,'_aﬁl&rn%%%dﬂﬂr%bg'J]d'gQé%‘?BC_ %B‘P&Eé‘é%c%e %%‘g&nscé“des an

insulating or passivation layer 196 containing one or more layers of Si02, Si3N4, SION, Ta205, Al203, or
other mateviafhavingsirhilarcinsdlafing and structural properties. The insulating layer 196 is formed using

PVD, CVD, printing, spif caating.,spray| §9ating, sitering. of fhesmal pxidation A paujon.gfipsulating

layer 196 is removed by an etching process to expose contact pads 126 of semiconductor die 124.
over build-up interconnect structure 140 and electrically
connected to conductive layer 144 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 144 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 148. In some applications, bumps 148

are reflowed a second time to improve electrical contact to

conductive layer 144. The bumps can also be compression bonded
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An electrically conductive layer 198 is formed over Insulating layer 196 and contact pads 126 using a
patterning and metal deposition process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 198 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 198 operates as an RDL. One portion of
conductive layer 198 is electrically connected to contact pads 126 of semiconductor die 124. Other

portions &Pcsrictce fajer 198Tanlsetelectic@lly commditBF EREtHcafly fsofated debending on the
design ang, function.of the semiconduetorigdevicean be rAHPniBsUIBLRG OFpassivation:laygk 200 is formed
over insulating layer 196 and conductive layer 198 using PVD, CVD, printing, spin coatingc, spray coating,
sintering bf thermal Oxitatich CPRE fHsulating 15 &r206°64n Be Bhe SFmBR fay&rs 6¥8102; €13N4, SION,
Ta205, ARROZ poretheranaterial having siaitardnsulatingand struettralfpreperties. A portion of insulating
layer 200 is removed by an e hingﬂprocess to expose conductive Ia?/er 198. An electrically

conductive bump matefialis deposited dver bifd-Up Thtefcornedt Strictire 264 ARtl%electrically connected
to conductireilayeci9f usingian evaporatiar; eiectrolyitierplatidg,caledtbaless platiag chalkdriop, or screen

printing pracess. The bump material ¢ Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and c /Lrg%inations
thereor, wits a Bpo AT A SoIGAS For AT S S SRS a o b et SAh Salbb, nigh-lead
solder, otlead+frge salden dthevieunhp yratetialis bonded to conductive layer 198 using a suitable

attachment or bonding rocess, In one embodc'\megt the bump material is rcgﬂowed by heating the
material above its meltllﬁlgepoirlﬁ1 {0 fo?mr%lp%%rrllcglcba s or CumgSe 502 1h some. gpplications, bumps 202

are reflowema@e@dndtim t?bikﬁ)rir@ée efectdcad coatact @rmdudti\ﬂé@yelsl@&Sﬁ”le:bﬂui@é can also be
compressign bonded o copduqtiye layer, 198, Burps, 202 repreggnt ne type ofintereonnect structure

that can be formed over conductive layer 198. The interconnect structure can-also use bond wires, stud
bump, mitt@Bamp4 or BiHer efectriddlanterconnegeer cutting device 150 in FIGs. 3e

and 3f into individual semiconductor devices. FIG. 4 shows FO-
WLCSP 151 after singulation. Semiconductor die 124 is
electrically connected to bottom-side build-up interconnect
structure 140 and bumps 148. The pre-formed compliant stress
relief buffer 130 is disposed around edges, corners, and other
package integrity critical regions of FO-WLCSP 151 to prevent
failure of bumps 148 during temperature cycling testing and
other mechanical shock or impact of a reliability or drop test
by absorbing thermo-mechanical stress. Stress relief buffer 130
has a low Young’s modulus, i.e., less than encapsulant 136, good
elasticity and resiliency characteristics, and coefficient of
thermal expansion (CTE) similar to or slightly less than the
encapsulant. Stress relief buffer 130 also serves to reduce die
shifting during the encapsulation process.

FIGs. 5a and 5b show a cross—-sectional and top view of
pre—formed compliant stress relief buffer 130 extending
partially or completely along a side of FO-WLCSP 152.

FIG. 6 shows an embodiment of FO-WLCSP 154, similar to

the structure described in FIGs. 3a-3f, with pre-formed
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Semiconductor die 124 are singulated with saw blade or laser cutting device 204 into individual
semiconductor devices. FIG. ha shows a cross-sectional view of FO-WLCSP 206 after singulation. FIG.
lIb shows a bottom view of semiconductor die 124 and stress relief layer 190 with contact pads 126
electrically connected to bumps 202 through conductive layer 198. The compliant stress relief layer 190 is
disposed around semiconductor die 124 to prevent failure of bumps 202 during temperature cycling

testing arPBHRT ThéchaniGt ShoeK SFimpact of 2 rehbifit) orirdp test By dbisotBing HEfmTo-mechanical
stress. Strassrelietlayen 180has alowp¥eung's smodulus &l ,iless tharrenrcapssilant 492, good elasticity
and resiliency characteristics, and CIE similar to or slightly less than the encapsulant. Stress relief layer

190 also SRS 1B 1EdlEe Gie'shifting during the entapSiatidd proces8?s 21 AR e dr more
embodimeatsefithe present ingentionthaverbeen Hustyatedrn detajk the skilledaptisantwill appreciate that

modification_s and _ad ptgsgﬁionsbjrtf thos%é?gbodiment?, ﬂg;% be made without (_je%%r}ing f%%m the scope c_)f
the preseht irventioh aseet TOHH it the TollGhing aifns. “Cilins Wivat'ls cidimad’ T Aeth8d of making
a semicoandudtos déviceptdmprising rtormingy/ a siress nelief boffepby,te stress relief

buffer 156 reduces warpage in FO-WLCSP 154. By reducing warpage

and CTE-induced stress, FO-WLCSP 154 has reduced solder joint

failure, particularly around the periphery of the semiconductor

die.

FIG. 7 shows an embodiment of FO-WLCSP 162, similar to
the structure described in FIGs. 3a-3f, with metal stiffener or
layer 164 mounted over stress relief buffer 130 and encapsulant
136. An adhesive layer is deposited over stress relief buffer
130 to secure stiffener 164. Stiffener 164 reduces warpage in
FO-WLCSP 162. Stiffener 164 can be used as a heat sink with an
optional thermal interface material (TIM) 166 for heat
dissipation from semiconductor die 124. As a heat sink,
stiffener 164 can be Al, Cu, or another material with high
thermal conductivity. TIM 166 aids in the distribution and
dissipation of heat generated by semiconductor die 124.
Stiffener 164 can also operate as an electromagnetic
interference (EMI) or radio frequency interference (RFI)
shielding layer. As an EMI or RFI shielding layer, stiffener
164 can be Cu, Al, ferrite or carbonyl iron, stainless steel,
nickel silver, low-carbon steel, silicon-iron steel, foil,
epoxy, conductive resin, and other metals and composites capable
of blocking or absorbing EMI, RFI, and other inter-device
interference. The shielding layer can also be a non-metal
material such as carbon-black or aluminum flake to reduce the

effects of EMI and RFI. Stiffener 164 can be grounded to divert
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(a)forming a first compliant layer, (b)forming a silicon layer over the first compliant layer, and (c)forming a
second compliant layer over the silicon layer; providing a temporary substrate; mounting a
semiconductor die to the temporary substrate; mounting the stress relief buffer to the temporary substrate
around the semiconductor die; depositing an encapsulant between the semiconductor die and stress
relief buffer; removing the temporary substrate; and forming an interconnect structure over the
semiconddttortlé, éncagsifant 4R sttess relief buffer, the interconnect structure being electrically

connected to the semigongductordliews an embodiment of FO-WLCSP 170, similar to
the structure described in FIGs. 3a-3f, with pre-formed stress
relief buffer 172 containing circuit layers 176 embedded within
compliant stress relief material 178. Circuit layers 176 may
contain analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within stress relief material 178.

FIG. 9a shows an embodiment of FO-WLCSP 180, similar
to the structure described in FIGs. 3a-3f, with stress relief
buffer 184 made thinner than semiconductor die 124. A metal
stiffener or layer 182 is mounted over stress relief buffer 130
prior to depositing encapsulant 136. An adhesive layer is
deposited over stress relief buffer 184 to secure stiffener 182.
Stiffener 182 can be formed as a window completely around
semiconductor die 124, as shown in FIG. 9b. Stiffener 182
reduces warpage in FO-WLCSP 180.

FIGs. 10a-10c illustrate, in relation to FIGs. 1 and
2a-2c, a process of forming a compliant stress relief layer
around semiconductor die. Continuing with the structure
described in FIG. 3a, a compliant stress relief layer 190 is
formed over interface layer 122 around semiconductor die 124
using spray coating or screen printing. Stress relief layer 190
can be deposited prior to mounting semiconductor die 124. There
may be a gap or there may be no gap between stress relief layer
190 and semiconductor die 124. 1In the case of a gap, an
underfill material, such as epoxy or polymeric material, is
applied over die edge to cover the gap to prevent die shifting
during encapsulation. Stress relief layer 190 can be a
compliant material, such as polymer, epoxy, polymeric material,

epoxy resin with filler, epoxy acrylate with filler, photo-
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2. The method of claim 1, further including forming the stress relief buffer in a location designated for
bump formation. 3. The method of claim 1, wherein the stress relief buffer includes a multi-layer
composite material and structure with damping properties. 4. The method of claim 1, further including
forming a stiffener layer over the stress relief buffer and encapsulant. thinner than the semiconductor die.
6. The method of claim 1, further including forming a circuit within the stress relief buffer. 7. A method of

making a*$8HiitbhdctbF dévite, CHMBSIAG: provicing a temMpbrdry 3tbSfatend high

elongation, low modulus, and balanced CTE. In one embodiment,
stress relief layer 190 is an insulating material, such as
polyimide, PBO, silicon base elastomer, or other similar
material, with a low CTE (20ppm/°C or less) and low modulus
(200MPa or less). Stress relief layer 190 is typically 15-100
micrometers (pm) in thickness.

In FIG. 10b, an encapsulant or molding compound 192 is
deposited over stress relief layer 190 and semiconductor die 124
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 192 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 192 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 10c, temporary carrier 120 and optional
interface layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A bottom-side build-up interconnect
structure 194 is formed over semiconductor die 124 and stress
relief layer 190. The build-up interconnect structure 194
includes an insulating or passivation layer 196 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 196 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation. A
portion of insulating layer 196 is removed by an etching process
to expose contact pads 126 of semiconductor die 124.

An electrically conductive layer 198 is formed over
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mounting a semiconductor die or component to the temporary substrate; preforming a stress relief layer;
placing the stress relief layer over the temporary substrate after mounting a semiconductor die or
component to the temporary substrate, the stress relief layer being disposed around the semiconductor
die or component and spaced apart from the semiconductor die or component; depositing an
encapsulant over the stress relief buffer and semiconductor die or component; removing the temporary

substrate* " SUfGHIAY an FiteFeohhRcE8fudare-6ver tRé Eemicdhdtittorié or ebhfpoheitafd Stress

relief layere thelintergernect strustuse beingselestrically gonnested te thecsemicenguctor die or
component; and singulating the semiconductor device through the stress relief layer and encapsulant

so that tHe'Stress Tl gy &8 expdsed ionfa Sidd Shface Srthe Seticondiitici-device 12y eT

198 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 198 operates as an RDL. One portion of conductive layer
198 is electrically connected to contact pads 126 of
semiconductor die 124. Other portions of conductive layer 198
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

An insulating or passivation layer 200 is formed over
insulating layer 196 and conductive layer 198 using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 200 can be one or more layers
of Si1i02, Si3N4, SiON, Taz205, Al203, or other material having
similar insulating and structural properties. A portion of
insulating layer 200 is removed by an etching process to expose
conductive layer 198.

An electrically conductive bump material is deposited
over build-up interconnect structure 194 and electrically
connected to conductive layer 198 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 198 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 202. In some applications, bumps 202

are reflowed a second time to improve electrical contact to
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8. The method of claim 7, further including forming a stiffener layer over the stress relief buffer and
encapsulant. 9. The method of claim 7, wherein the stress relief layer is thinner than the semiconductor
die or component. 10. The method of claim 7, further including forming a circuit layer within the stress
relief buffer. 11. A method of making a semiconductor device, comprising: providing a temporary
substrate; mounting a semiconductor die or component to the temporary substrate; mounting a stress

renefmﬁﬁﬁ%ﬁﬂﬁ¥&ﬁﬁxﬁéﬁf§u&§§ne The bumps can also be compression bonded

to conductive layer 198. Bumps 202 represent one type of
interconnect structure that can be formed over conductive layer
198. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated with saw blade or
laser cutting device 204 into individual semiconductor devices.
FIG. 1la shows a cross-sectional view of FO-WLCSP 206 after
singulation. FIG. 1lb shows a bottom view of semiconductor die
124 and stress relief layer 190 with contact pads 126
electrically connected to bumps 202 through conductive layer
198. The compliant stress relief layer 190 is disposed around
semiconductor die 124 to prevent failure of bumps 202 during
temperature cycling testing and other mechanical shock or impact
of a reliability or drop test by absorbing thermo-mechanical
stress. Stress relief layer 190 has a low Young’s modulus,
i.e., less than encapsulant 192, good elasticity and resiliency
characteristics, and CTE similar to or slightly less than the
encapsulant. Stress relief layer 190 also serves to reduce die
shifting during the encapsulation process.

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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by, (a)forming a first compliant layer, (b)forming a stiff layer over the first compliant layer, and (c)forming a
second compliant layer over the stiff layer; and depositing an encapsulant between the stress relief
buffer and semiconductor die or component.

Claims

What is claimed:
1. A method of making a semiconductor device, comprising:
forming a stress relief buffer by,
(a) forming a first compliant layer,
(b) forming a silicon layer over the first compliant layer,
and
(c)forming a second compliant layer over the silicon layer;
providing a temporary substrate;
mounting a semiconductor die to the temporary substrate;
mounting the stress relief buffer to the temporary
substrate around the semiconductor die;
depositing an encapsulant between the semiconductor die and
stress relief buffer;
removing the temporary substrate; and
forming an interconnect structure over the semiconductor die,
encapsulant, and stress relief buffer, the interconnect

structure being electrically connected to the semiconductor die.

2. The method of claim 1, further including forming the stress

relief buffer in a location designated for bump formation.
3. The method of claim 1, wherein the stress relief buffer
includes a multi-layer composite material and structure with

damping properties.

4. The method of claim 1, further including forming a

stiffener layer over the stress relief buffer and encapsulant.
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12. The method of claim 11, further including: removing the temporary substrate; and forming an
interconnect structure over the semiconductor die or component and stress relief buffer, the interconnect
structure being electrically connected to the semiconductor die or component. 13. The method of claim
11, further including forming the stress relief buffer in a location designated for bump formation. 14. The
method of claim 11, wherein the stress relief buffer includes a multi-layer composite material. 15. The

method of claim™FE fGRAECACREIfg OMHRINY a SifféreMayerover ife Stresd rélief BuffiéFand

encapsulgnAt.nner than the semiconductor die.

6. The method of claim 1, further including forming a circuit

within the stress relief buffer.

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

providing a temporary substrate;

mounting a semiconductor die or component to the temporary
substrate;

preforming a stress relief layer;

placing the stress relief layer over the temporary
substrate after mounting a semiconductor die or component to the
temporary substrate, the stress relief layer being disposed
around the semiconductor die or component and spaced apart from
the semiconductor die or component;

depositing an encapsulant over the stress relief buffer and
semiconductor die or component;

removing the temporary substrate;

forming an interconnect structure over the semiconductor
die or component and stress relief layer, the interconnect
structure being electrically connected to the semiconductor die
or component; and

singulating the semiconductor device through the stress
relief layer and encapsulant so that the stress relief layer is

exposed from a side surface of the semiconductor device.

8. The method of claim 7, further including forming a

stiffener layer over the stress relief buffer and encapsulant.
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16. The method of claim 11, wherein the stress relief buffer is thinner than the semiconductor die or
component. 17. The method of claim 11, further including forming a circuit layer within the stress relief
buffer. 18. A method of making a semiconductor device, comprising: providing a semiconductor die or
component; preforming a stress relief layer; disposing the stress relief layer around the semiconductor
die or component and spaced apart from the semiconductor die or component; depositing an

encapsulant overthe {88 Felf Lutfer And setliEdifdutidrGie D Eofhonent: et t6fing an
interconngeet stidctuteaverthe sesicorduciaidie of componeshand stress relief layer, the interconnect

structure being electrically connected to the semiconductor die or component; and
10. The method of claim 7, further including forming a circuit

layer within the stress relief buffer.

11. A method of making a semiconductor device, comprising:
providing a temporary substrate;
mounting a semiconductor die or component to the temporary
substrate;

mounting a stress relief buffer to the temporary substrate

by,

(a)forming a first compliant layer,

(b)forming a stiff layer over the first compliant layer,
and

(c)forming a second compliant layer over the stiff layer;
and

depositing an encapsulant between the stress relief buffer

and semiconductor die or component.

12. The method of claim 11, further including:

removing the temporary substrate; and

forming an interconnect structure over the semiconductor
die or component and stress relief buffer, the interconnect
structure being electrically connected to the semiconductor die

or component.

13. The method of claim 11, further including forming the

stress relief buffer in a location designated for bump

formation.
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singulating the semiconductor device through the stress relief layer and encapsulant so that the stress
relief layer is exposed from a side surface of the semiconductor device. 19. The method of claim 18,
further including forming the stress relief buffer in a location designated for bump formation. 20. The
method of claim 18, wherein the stress relief buffer includes a multi-layer composite material and
structure with damping properties. 21. The method of claim 18, wherein forming the stress relief buffer

includes: ¥8rmingREefirSE EBMPIIAt 19yér- Tormling WiicohNay&foveriRé firstthhidliant ay8F and forming
a secondicompliask layenover thessiigon-laygbsite material.

15. The method of claim 11, further including forming a

stiffener layer over the stress relief buffer and encapsulant.

16. The method of claim 11, wherein the stress relief buffer is

thinner than the semiconductor die or component.

17. The method of claim 11, further including forming a circuit

layer within the stress relief buffer.

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

providing a semiconductor die or component;

preforming a stress relief layer;

disposing the stress relief layer around the semiconductor
die or component and spaced apart from the semiconductor die or
component;

depositing an encapsulant over the stress relief buffer and
semiconductor die or component;

forming an interconnect structure over the semiconductor
die or component and stress relief layer, the interconnect
structure being electrically connected to the semiconductor die
or component; and

singulating the semiconductor device through the stress
relief layer and encapsulant so that the stress relief layer is

exposed from a side surface of the semiconductor device.
19. The method of claim 18, further including forming the

stress relief buffer in a location designated for bump

formation.
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22. The method of claim 18, further including forming a stiffener layer over the stress relief buffer and
encapsulant. 23. The method of claim 18, wherein the stress relief buffer is thinner than the
semiconductor die or component. 24. The method of claim 18, further including forming a circuit within
the stress relief buffer.

20. The method of claim 18, wherein the stress relief buffer
includes a multi-layer composite material and structure with

damping properties.

21. The method of claim 18, wherein forming the stress relief
buffer includes:

forming a first compliant layer;

forming a silicon layer over the first compliant layer; and

forming a second compliant layer over the silicon layer.

22. The method of claim 18, further including forming a

stiffener layer over the stress relief buffer and encapsulant.

23. The method of claim 18, wherein the stress relief buffer is

thinner than the semiconductor die or component.

24. The method of claim 18, further including forming a circuit

within the stress relief buffer.
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