SEMICONDUCTOR DEVICE AND METHOD OF FORMING PENETRABLE FILM ENCAPSULANT
AROUND SEMICONDUCTOR DIE AND INTERCONNECT STRUCTURE 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 penetrable film encapsulant around a semiconductor die
and interconnect structure Back ound of the Invention Semiconductor devices are commonly

found in modétt et Y I RBRa Y& S ERBYiRES Egmﬁhlﬁe %m% of electrical
componerﬁé‘%ﬁ&‘é@&wﬁ&&%&&%P&F‘c%lgfb‘é%"é?é’nﬁ%téiﬂ%r%“fi}ﬁé%?‘éﬁ%%%?caﬁ"c‘% et e.g.,

light emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated semiconductor devices typically contain
hundreds to millions of electrical components. Examples of integrated semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). 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 penetrable film encapsulant

around a semiconductor die and interconnect structure.
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



Semiconductor devices perform a wide range of functions such as signal processing, 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 consumer products. Semiconductor devices are also found in military applications,

aviation, SBTYMORS inttistrigt Softrafiérs, BRQ ofite dilipmaft —sPeed semicBhalcter devices exploit
the electrical prapearties 9f semiconducior maternials: T e atemicisirucivie-of semiserductari material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or
through tfie Procedd st dopinty: Boping Htroducds idpiHties it tHe’sémicohbu o Hratéfidl to
manipulate-and cegtrolitheconsuetidtyrafdhe seaticardustardeiceli splay A semiconductor device
contains active and passive electrical structures. Active structures, including bipolar and field effect
transistors” RontrSIHHE oty SreidSfidardutrent 8y vaRing fev I]SegTdfop?r% gﬁg Sppfidatisr S an electric
field or basencurenta thieottansistow eithewpromates oy restrctsithe floncafreleetrieal cutrent. Passive
structure%,oigcstlurcrllgenf re]?iséorgtcstapac%'tgrrns, aonrtlzl in(c:ILFJctgrs ecreatesa gerl%tioa%gip t%%twnegn.\éoltage and
current necess%ry 0 Beﬁorum a variety of glecf]rlﬁl:a ﬁjncﬁoﬁfsl.cl%e passive and active structures are
electricallyidonrecte chtofoimagircaits, , which &nable, thewsemiconductor deviee ta pérform high-speed

Camubﬂ%%%%¥%gq§£g?G%%BHg%gQ%@ equipment.

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

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end

manufacturing, and back-end manufacturing, each involving



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. Each 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 packaghifthéidhie Yo Protide Stfutiirat seBport dnBHvireRmherAiSaSHoT.12I 1nVSAd gdal of
semicondugtorrpandfactingrs 40 preduce; smallgr senaicenducter devieesSmaller devices typically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semicondUdr IS RAve'a Shfatler F6Stprint Which isXdesiabieYor Shiaiierand phdducts. A smaller die
size maydenachievedby tuproyvements in the feardiendiprotess esultinginmdie sdthisraalierdhigher
density active and passive components. Back-end processes may result in semiconductor device
packageS W &' SmATAFGBIRHIT by IMAFVETRSNE Y ERRGICH HitErcoREAIGT arid BEEREGIG Thaterials.
In a fan-autavafediexel chip scalenpadkage {RoTHLSRy Acsemicanducidadieris conunarily maeunted to a
temporareél%g‘rfqe({. Agternggpsglaa t is)c(%eémsited o(ye(rethe. semicongggtor dieland carrier, typically by mold

.. . S u Su or an nvironmer S ion. .
Injection. e carrier iIsremovedtoe se%he SemICOHd{JCPOI' drlle, andla %uﬁ&-up Interconnect structure Is

formed over the exposedsengtiedndutteredié conduct e semidonductorrdie isskriewmptoodertieally and

laterally Sshrri%?freng ggg%@%q{g%oncgﬂgr%%%ﬂ egurin%rrtpaq ingecgleo\pigvehichccan cayse misalignment of the
build-up interconnect structure. One tec nique of securing the semiconductor die to the carrier to reduce
die shiftingpinvolves ferssing wwattabldpads bvehtre carridoant seeuringthecsemibonguctdrdiedo the

wettable pads withdumps, The formatign of wettable.pads typically jnvalyes phatolithography, etching,

and plating, which are time consuming and costly manutacturing processes. The wettable pads and
bumps inepeasesinteredniract fesistanta betwderrthel sericdhdadtor diecand baildugrinteréonnect

Suucu"eproducts. 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. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

In a fan-out wafer level chip scale package (Fo-
WLCSP), a semiconductor die is commonly mounted to a temporary
carrier. An encapsulant is deposited over the semiconductor die
and carrier, typically by mold injection. The carrier is
removed to expose the semiconductor die, and a build-up
interconnect structure is formed over the exposed semiconductor
die.

The semiconductor die is known to vertically and
laterally shift during encapsulation, particularly during mold
injection, which can cause misalignment of the build-up
interconnect structure. One technique of securing the
semiconductor die to the carrier to reduce die shifting involves

forming wettable pads over the carrier and securing the



A plurality of conductive vias or pillars is commonly formed through the encapsulant for z-direction vertical
electrical interconnect to stacked semiconductor devices. The conductive vias are typically coplanar with
the encapsulant. The minimal exposed surface area of the conductive via reduces joint reliability with the
stacked semiconductor devices. Summary of the Invention A need exists to reduce die shifting
and improve joint reliability for stacked semiconductor devices. Accordingly, in one embodiment, the
present iff@htion1s ddethicOnhdudtor 88§icd SbhiprisindPa Semicontiuctstifie and!Bturality of bumps
disposedradjacant do ther sermicondustop gigs A penetrable film-ayerds dispesed ovesthesganiconductor
die and bumps to embed the semiconductor die and a first portion of bumps while leaving exposed a
second poridh-8fthe Btnpas 3t 119t ASth8F EmbbEm&t HEPrade At ifvERTInt% a semiconductor
device coraprisiag asemigopduciesdiesand finstinterconneet steucturerdispasedsadjacenidie ¢he
semiconductor die. A penetrable film la egs disposed over the semiconductor die angjf'rmg_rconnect
structure 18 et 18 SerAicoAdUCHB die 'S fiot pORiGH B S &b BAn C SARKLIE WK leaving
exposed arsecond postiore ot thetfiratintereonnect structure. In another embodiment, the present
invention is a semicong\uct% gg\ii&:% coronprigg%cfj 2 g%rﬂifcondugtorodrie ang {ié'lsrtsintlegcocnnr%%(tD rsHucture
disposed adjacent to the Semicondudtor die. penetrabﬁe\fifm Tayer ig%ilsposed over the semiconductor
die and fifstrimtedcarinect gtructuee tonembed the sefmcondudioradie and avpartidnaf the first interconnect

structure. , . Inanatherembodiment, e presgatinyention.fs . sericondyctor devicg, comprising a
semiconductor die and first interconnect structure ISpose adjacent to the semiconductor die. A

penetrablecfilfviayeris dispesetroveritbe semiconduetcrdie and firsttihtereormmes stracture while leaving
eXposed?Hg”HQQQ%Hﬁa@?ngQSOQW%géygcggga of the conductive via reduces

joint reliability with the stacked semiconductor devices.
Summary of the Invention

A need exists to reduce die shifting and improve joint
reliability for stacked semiconductor devices. Accordingly, in
one embodiment, the present invention is a semiconductor device
comprising a semiconductor die and plurality of bumps disposed
adjacent to the semiconductor die. A penetrable film layer 1is
disposed over the semiconductor die and bumps to embed the
semiconductor die and a first portion of bumps while leaving
exposed a second portion of the bumps.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
interconnect structure disposed adjacent to the semiconductor
die. A penetrable film layer is disposed over the semiconductor
die and first interconnect structure to embed the semiconductor
die and a first portion of first interconnect structure while
leaving exposed a second portion of the first interconnect

structure.



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 saw streets; FIGs. 4a-41 illustrate a process of forming a
penetrable film encapsulant layer around a semiconductor die and interconnect structure; FIG. 5

illustrates the Fo-WLCSP witl? tHEperrdtratsie i encapSulBRESFEforMBaardGRd the demiconductor die
and intergeRnect stuettke; device comprising a semiconductor die and first

interconnect structure disposed adjacent to the semiconductor
die. A penetrable film layer is disposed over the semiconductor
die and first interconnect structure to embed the semiconductor
die and a portion of the first interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
interconnect structure disposed adjacent to the semiconductor
die. A penetrable film layer is disposed over the semiconductor
die and first interconnect structure while leaving exposed a

portion of the first interconnect structure.
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 saw streets;

FIGs. 4a-41 illustrate a process of forming a
penetrable film encapsulant layer around a semiconductor die and
interconnect structure;

FIG. 5 illustrates the Fo-WLCSP with the penetrable
film encapsulant layer formed around the semiconductor die and
interconnect structure;

FIG. 6 illustrates the penetrable film encapsulant
layer coplanar with the semiconductor die;

FIG. 7 illustrates an RDL formed over the penetrable

film encapsulant layer;



FIG. 6 illustrates the penetrable film encapsulant layer coplanar with the semiconductor die; FIG.
7 illustrates an RDL formed over the penetrable film encapsulant layer; FIG. 8 illustrates stacked
Fo-WLCSP each with the penetrable film encapsulant layer formed around the semiconductor die and
interconnect structure; and FIG. 9 illustrates bumps formed over contact pads on the
semiconductor die. Detailed Description of the Drawin The present invention is described in

one or more embodimérts in thet B%ﬁ@&@sﬁ:rfﬁ%ﬁ%\%ﬁ feferdhice %o B figitesRintWhich like numerals

represenpthe-sarae ok similar elemepts. Wihite theiaventionds desedbed in-tegms 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 alté¥mative MEdifitatibis, aRd ebulvalérta as thay be WiUd&d withfh the spirit and scope of the
invention as defined by the.appendedsciaigissandihaisequivaleatsassuppatiteddy thedfellewing

disclosure and drawings
the semygo ductor 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
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

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

Passive and active components are formed over the



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 U rent P &dsive Bletfiitar COMPohentsede ad ¥apadfors SAdG&torE Y685istors Eif
transformers,1¢leate;a delptienRship bebraen vellagenand curraninegessarytoqerfosm elgatrical circuit
functions. Passive and active components are formed over the surface of the semiconductor wafer by a
series of PIOCEEs StEps Miehudimy Hopitg, BEFSSIGT HhotBlithcdraphy, 'ettRing™&nd planarization. Doping
introducesdmpeisities dite thenseaicondustor taater abiy technigquesssuchrasiiop imptantation erthermal
diffusion. The d%gn%ﬁﬁ%cess modifies the electrical conductivitg (g femico ductar material in active

in of,

devices, RSB LEhEondUdtSr Matera iftd ARTinSulasT - orductdrs of d§iaricafly changing
the semicandictarimateyiabconductiviby thuresponse tean £lectric fieldiordasevcureent. Transistors

contain r%%igpls Pf var%/in té/ €s gngide&%%sc %‘; gopning éslrrrlaglgednacsoneces%ar t](_)a%na}:ble the transistor to
promote or Festrict the flow of eléctrical curren upon the app ication of the elecric field or base current.
Active andopessivieccomponents ane ferimed by layeis of materiatswithrdifferent eteetrical poperties. The

layers can be formed hy a varietgsof degosition teck&ig%%srd%te@i&eg in Part| by the t}ygg of material

being deggé}%%?ﬁ)\r]éxgmhpe,Ehinpfi?nql c?ep%%itl%% may involve chemlcaiDvapor epcoléltlonn(EIVD), physical
vapor deposition éRVD}, electrelytic platinghand Electroless platimgeprogassek: Eachdaydr is generally
patterned,ta form pariions, ofactive companents,passive campaenents, oralectrical connections between
components. The layers can be pattefned using photolithography, which involves the deposition
of light sersithesiaietial té ., photoresist bvek techyectorse patteived. Ahsatsrn IS fahdferred from a

photomagl%tocg'@ @1%8['&5&% Uﬁ'ﬂgﬂéﬂ@r 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 may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some

types of materials are patterned by directly depositing the



The portion of the photoresist pattern subjected to light is removed using a solvent, exposing portions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a
patterned layer. Alternatively, some types of materials are patterned by directly depositing the material
into the areas or voids formed by a previous deposition/etch process using technigues such as electroless

and electrolﬁtic plating. Depositing a thin film of material over an existing pattern can exaggerate
the undefiihgpattern 3ha chékte ARG uRForfy fiat SGFEGE! A¥niforfl§ NiaPStiface is required to

produce sgherand mose gensely packed active apdpassiveLompanents.HlapanizationLanbe used to
remove material from the surface of the wafer and produce a uniformly flat surface. Planarization involves
polishingthé ShAace bf the*wafer With a polishing pad. An abrasive material and corrosive chemical are
added to the surface obtheowafief tiyiring {elishing 1 hhe combired mecbanicabactioniofdhaabrasive and
corrosive action of the chemical removes any irregular topography, resulting in a uniformly flat surface.
Back-end anttatt(ily retedo diting 8- singd ﬁié the fiﬁgﬁgs WPt tetihdividdat die and then
packagingrthe dienfoy strusturaksuppost.andenvitdrvnental isolationuTa sirgulaterthe die; ¢be wafer is
scored and (k))(rjokcen alggq {loQ-fgn%ti?nnal regéons Oﬁpt?fqe Wg{(eg(?alle% saw satlregts or scribes. The wafer is

singulate%rusﬁlg & 1aset cu?tlng {00l Or Saw brade. e?%lngu ation; the individdal die are mounted to a

package substraterthat.inciities ginszartdantactapadssfon fedrconnectiorn/withotkerisystem @omponents.

Contact pads formed over the gemicopdyctor dic are fhen conpectedig confact pads within the package.
The electrical connections can be made with solder bumps, stu Jbumps, Londdctive paste, or wirebonds.

An encapsidartor otheronoldingimateriab s depositedtdver shie packagef tocprovidetghysicat support and
electricalisglaton, The finjshed packagea.fhep insertedinig.an elscirical sustem.and the fyngtionalty of
the semiconductor device is made available to the other system components.

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
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system

and the functionality of the semiconductor device is made



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 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 S8t taFhRciohS Aftertatielys i@ onTCIRAES BBSnay be a subcomponent of a larger
system. For example, electronic device:50 may ke pat of aicellylar phene ppersonakdigitalassistant
(PDA), digital video camera (DVC), or other electronic communication device, Alternatively, electronic

device 56 4R be%a GrIphids dard Chefiiotk iterfbde CHrds oP Otet sigriat bracesding cdrd that can be

Inserted inta aLcomputer Thensemicandueior packagge=camhmeidedmiaioprosessarsamemories,
application specific integrated circujts ASIr%)’ logic circuits, analog circuits, RF circuits, discrete devices,
or other SEMIcGAAUCST %Vd‘rceﬁeé':gc Compdierts STHe Fifnigturizalion ahd e Weight téaddtion are
essentialdor these products te be @t cepteddnntheanarkeb 2 Hie distagncéchetweensenmicanductor devices

must be decrfgl%‘:edago achle\f% hlgCTeHignsn . Igflg. 1, PCBdSZCQ(rjowdes %general substrate for

structurafa?ﬁ)pporfsl and electrical Intérconnect ofttﬁg%semlconoeul% ocroﬁlaclﬁageg miounted on the PCB.

Conductigé signal tratas 54 Taré éarnped-pverss saifadel duwithintayers of PCB 52 using evaporation,

electrolytic plafung, ele%tioelg%:?T Blﬁlggdse%r%g pgl@ﬂrqg%orboethgr %érl]g%b e Ql%‘%' despoSS{tleonrf( Rrocess. Signal
traces 54 provide for electrical communication between each of the semiconductor packages, mounted

components; Santjh@iheeemema}ls%tem pemponentstd rm@alsgrpﬁro@idemmr and grqund
connectins.{0,63ch.of the semiconductorpackages. ., Jpsame embodiments, 8 semigonductor

device has two packaging levels. First level packaging is'a technique for mechanically and electrically
attachingthesemibordurtoedie to andnterinegdiate canst.. Se€onmd RvelhpackagiigpvoResmechanically

and electicali.ataching hentermadiate cartentathe. PR natherembadiments, a semiconductor
device may only have the first level packaging where the die is mechanically and electrically mounted
dkecﬂyu@ﬂﬁ?P@B@t (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.
In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.

Signal traces 54 provide for electrical communication between



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

semicondifctor pdckas SEahfigeredt Githaky A SotAbiRatioM 8P first and SBRGAG Tevdt paikaging styles, as
well as other elecironic-eempenerismcabhpe spaneeted 10.RCR 525 In sarse embadiaenis wlactronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple
interconr@tePpEAKAGes OBY) Tombiting the it of semiconalicior patikdges &rSiAgle substrate,
manufacturers can incarposaiesrerinade gemponeatssvioi eleationic sievices ans systermsoBecause the
semiconductor packages include sophisticated fynctionality, electronic devices.can be manufactured
using chéape ac%ﬁ{b%ni%i]se fd a Streahtlined' A nﬁf%%gﬁ% fot8ss! ﬁ%cj%%b%ﬁﬁ deVfces are less
likely to faibahd tesssexpensive tol manufacilreyresultingtinadowee cestrfor consumers. die toFIGs.
2a-2c¢ show exejéné)lar ds.err%iconductor Qackages. F!§3.l2a Illfstrat%g further detail of DIP 64 mounted on
PCB 52. Sémitonducior dis 74Tnciudes an ac?f\:/(énreglo%vceontﬁﬁﬁﬁga%larfgg %)P‘é%lt‘é?é’kCUitS Implemented
as activerdevices] passive deuices econductive jayers,cardidiglectric layersrioaméd withia theldie and are
electrically Injgrgopnested ageqrding to the elegirigal desian.of (he dis, Forexample the drsuit may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit eléments formed
within theoadtivehregiortbfesehiconddetve died?4: Keantact pads 76 areone or hfore layers of conductive

material, SUch 2 Aluminum (A1), £ORPEN (G, in (3, nickel (N, gald (Ay). G Silyer{Ag), and are

electrically connected to'the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semiconductor die 741s Bisurited By as ittermediats cariep 78 BsHigea gold-gilieen efitectic layer or

adhesiveﬂ@@{iahé%aﬁmg@ﬁ@?xx9&?98%56%@1%%%?&&%@'ns@dgﬁ@nﬂ'm%aﬂve

packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
Interconriett BeffeerrsEmitoRdictor dit* P4 and PEB G2t Epgapsuiantssd stdepdsited Dvef the package

for environmenial m&&%slti%waggysatjng_ moistuyre,ane, particlgs; foom,eniering the Paekags apd

contaminating die 74 or wire bonds 82.
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. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The

resulting devices are less likely to fail and less expensive to

-10-



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

depositioRGFr8EEST80ch &S elettroRfiic Platihg G EEctrolass pREINGTD Préent oxidation. Contact pads

102 are electrically connegted to.one: ok MWle £QBAKAE sigRal Ttanes R4 inP B &2, Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,

semiconducfor dig 5815 ¥oGRtEE Fade Go0wh o HEfhddiafe Edtriel 108 W& Aip°thip SB/ie first level

packagingeActive rrgien 208 pf semicanductnr die h8contains asaglogrordhigital tircuits implemented as
active devices, passive devices, conducive Iar){ers and dielectric layers formed accqrding to the electrical
design of the !¢ 'Fétexahisid 1the cifetit &y netlide o b tore transiEtors Pdisaes Snductors,
capacitorsereisisiers, anddthericiecuitgfementsawiihia actige redion 13 Senmicanduttoridia 68 is
electricallé/h%nd meecgggicagy c%gne ted (t:o Eﬁrrier 196 l;h%orlljlggcbéjrgps (1:%% din t%G %O is electrically
and mechanlcéjlfy connectéd to PCB 52 with @ BGA §tyl% sécond ievel pacﬁaglina using bumps 112.
Semiconduetor diecs8 isdeledtpicaly carrrectedt to conductiversigra) traces 41 WPiGB B2through bumps
110, signal Iirles 114, and bu%gs 112. A moldénoqfcomgglé%de(s)r enc%ps%%rg8116ci§ dae_ggéfited over

. nclude” dne or mor ransls 1ndyuc or .
semlcondluctor ie 58 anéjcarrlerio to provide pﬁ)’/SlcaI Supp'ort anélelectrlchl ISO]iDatlon or ﬁ]'e device.

The _fIip chﬁﬁg@r‘qwoﬂd ueto# deVif(_;erprgvlideg 'atsr&)heme_cﬁriﬁalfmm@ﬁmiwm tri_@tlmfrbhﬁth@ca_dtive _devices on
semiconducior die 58 tocendygtion acks en PLB 524p order to seduce, gignal prgpagation, distance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 cahdemechanicayand ekscticdllyconhecteddirettly 20 RGBB2 usig flipxhippstyle first level

packagingayihout inferraediate,cartier 106 ), 50161G:233 shyys 3 segucongucior wafer 120 with a
base substrate material 122, such as silicon, germanium, galilum arsenide, indium phosphide, or silicon

carbide, fot sfrbiEtural stippe R ASsIGRit 6f SetficERUGEDF dR Gt Forietits e 24 s fdtiied on wafer 120
separated By savy streetsA26:as descringd,ahoyes ssembly of DIP 64, semiconductor

die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and 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 illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide

physical support and electrical isolation for the device.

-11-



FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and an active surface 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 meéy include one or more transistors, diodes, and other circuit elements formed within active
surface 1301tbamplétaért drifog Efcdits 8- dighCircaits "Such s Gigita(Sgndl prodéssor (DSP), ASIC,
memory, 9f ptheyisigral Hocesshg eircuit Seryeerduciordie 24amay @iso centaindntegrated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one
embodim&ht, SenitoRdictsr Hie*2418 d-fipEhiptype semtcthdttbr dié 2 tact Raictically
conductiverlayen 32 isi tesmed averastive surface 130 sisingd?¥De ENVIR; electeolwicyplating, electroless
plating process, or other suitable metal deposition process. Conductive Iagler 132 can he one or more
ayers of A 760 S NI Au: A8, 5 othel SUltabls Slectfially EoMtctive Webria EoRuctVe lyer 132
operates & cohtact@patls electricalhteannestetktolthe cireuts ®n&xtive surface 130. In FIG. 3c,
semiconductor wafer 1%0 ii;g@-gu?ted through s W;treetillzg Lésgnqa saw blgdg (I)ﬁ IaserOFthqtrilng tool 134

. Seml NnaucL o ou age O. .
to separate the wafer into in viduar semiconductor die 12 F1887 24" usﬁrate, in relation to

FIGs. 1 and 2ax2eranpriocess of forming alppenetrabte filnf éncapsulantdaydreaardund @ Semmiednductor die
and Interconnect structure. FIG, 4a ho.\/\(/jsfl a ﬁb‘?s%%te or_carrier 140C contiglinelng*gj %erp:%%r@g)é Iqrs sacrificial

)
ackaging. . Active re semiconduc .
base maﬁarlai{s ch as silicon, poﬁyme?{lberyl um oxide, or other suitable low-cost, rigid material for

structqralaslsﬁdpmt. AN terfdcellageronddublesidettapedd 2as f@mt_eidfev@\ecejme_ﬁmo as a temporary
adhes”%%"@i%“_‘&‘é%8@9;“88&%)(?& ive 1aWLEIS. 4b, anelegtically;conductiye bump material is

deposited over carrier 140 and Interface layer 142 using an evaporation, electrolytic plating, electroless
plating, bafl ¢pap. iorscieert penting pocess. I Thie ump rmateriad can e AIFSh, RE &R Iy, P81, Cu,

solder, and cambinafians thereof; with, an optignalfiux solution. For example, the bump. material can be

eutectic Sn/Pb, high-lead solder, or lead-free solder. In one embodiment, the bump material is reflowed
by heatingRé tateriar ab@elits Aeing?peintloform SpheHedl Rl Bups: 124 /B @fips 124 are

disposed,argund maountingsite; 146 designated far latersmountedisemigenducigrdie. Bumps 144
represent one type of z-direction vertical Interconnect structure that can be formed over carrier 140. The

Interconrieef SR tidttfe ¢an GRONESE St d BunTd- hitfd blifth, bR BMEFIEttRiea 1htePconnect.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.
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In FIGs. 4c-4d, semiconductor die 124 from FIGs. 3a-3c are mounted to sites 146 between bumps 144
using pick and place operation with active surface 130 oriented toward carrier 140 and Interface layer
142. In one embodiment, semiconductor die 124 has a thickness of 450 micrometers (pm). Bumps 144
have a height greater than 450 pm to extend above back surface 128 of semiconductor die 124. FIG. 4e
is a top view of bumps 144 formed around semiconductor die 124. Bumala? 144 can be formed after

mounting semiconductdr ie £24 f'CaFief 186 CONIUEEO T EREGS arfdltéthative erbdBiment with

conductive,pilars148 fesmediover caprjerhdbnargund semieendugtondia had, Conductive pillars 148 can
be formed by depositing a photoresist layer over carrier 140, either prior to or after mounting

semicondUctrdig 424 Bid tHe R PRREMINE the Shatbresi sy pHStGlithbgFaphy T8 $5¢ Vias in the
pillar Locatipps rithe viasare fikad withd, €um$SaoNE At Ag, durgsten QAhopelystlicon2ar ather suitable

lectricall ducti ial lectrolytic plating, electrol lat] , or.oth itabl
metal depSSilbN proteLa: T PROIGIGEEE & TSMoVEd T8AVig 2 Lo Vebal CoAUCIVR pillars 148

Conductisepitlars 148 extend above back surface 128 of semiconductor die 124. FIG. 4g shows
a penetrable film encap, an%lgy%rhﬁo including base |aé’le(§%§% uItravioIefI (gJV B]:-%tla e fgrp adhesive

layer 154, and thermo-setting adhesive film I%f/gr 156,111 one embaodiment; bas I%yer 52 Bontains

polyesters and ¢dvi Bastage film elhesive Jayérak54 centaimsrabnygioopolyimer. IThe thesmasetting adhesive
film layer _156.has a coefficient of thermal expansio IE) of.about 20-45 ppm/K and high modulus of
aboLt 100631000 MBS, o5 xaimple s Tl sk AR-GO0L A 080 " RS- 0036 achesiv fims.
The penetrablé film ehcapsulantlapercithiscibated ¢ 70Ctodtendercadheshmslayersits4 and 156 soft,
malleable, and compliant., .5 The pgaetrable film encapsulaptlayer 150 is, placed ovgt

semiconductor die 124, bumps 144, and carrier 140. The penetrable film encapsulant layer 150 is
pressed 6me sehsicorductor die IPdeawp bompscidisamitie adorce K o thgsethrcdemieahductor die and

bumpstQﬁggﬁgﬁH%HHOfﬁ%@@@@ﬂaﬂ%sthe die. For example, the circuit may

include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing. In one embodiment, semiconductor die
124 is a flipchip type semiconductor die.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.

In FIG. 3c, semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool

134 to separate the wafer into individual semiconductor die 124.
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154 and 156. The force F is removed after adhesive layer 156 comes into close proximity or touches a top
surface of Interface layer 142. FIG. 4h shows semiconductor die 124 and bumps 144 embedded into
adhesive layers 154 and 156. Bumps 144 may or may not contact base layer 152. The penetrable film
encapsulant layer 150 is cured to harden adhesive layer 156 and securely hold semiconductor die 124
and bumps 144. In FIG. 41, base layer 152 and UV B-stage film adhesive layer 154 are removed
by mechanical peeling ™ot ffechichl liftof i the direction BEARBWOTSE: The B:Stage fiffadResive layer

154 separatesdinsies LBs rdiationowhile.gdhegive dayesd b6 remainsarounsh semieondyeter die 124 and
bumps 144 as an encapsulating layer for structural support and environmental protection of the

semicondUctardevice FOATERBHIAT Rlerfiefts MY CoMEMTHNS Burmps 194 5ré expbd&d from adhesive
layer 156sfiopexternahalectrieald ntercennect Basellayeo 152 andBrstagedimeadhestve layer 154 can also
be removed b ,%hemiCﬂllgtchingdbCMP,, mechanilc?:al %rindin , thermal hake, UV i%glt, er scanning, or
wet stripping” * =S40 FES 2] & £40 SR thidiate Jrgfe?ri’llzpaor Y&oved by cheniital etching,
mechanicat peeling, CME, arechahicab gending - thesmal bake,dJYdight; 1aser Scansingyorwet stripping to
expose active surgacedggBO ang bugnps 144, I(rj1 Flgl 4k ago om-side b 'Id-.u§ Itnterco nect
structure 1801 formed Over active Surface 130 of senmconductor die 1 étenciL adhésive ?ary%? 56. The
build-up mterconnectistruciuié 166 lacludes ancelectridakyscordustive 1anyer 162rformed using a
patterningﬁand m tal ](_;Ieposition process such as sputtering, electrolytic plating, and electroless plating.
Conductive ?fyer 62 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Ohe pofton éfccormuctive dyer 4621y electribally connbotad todumpsi144. Another

portion of, congductive Jayer 162,is elecircally copnecied;to.contact pads 132 of semjconductar die 124.
Other portions of conductive layer 162 can be electrically common or eléctrically isolated depending on
the desigavarpPiumttion of theesémiebrtactopdeviceg, 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.
In one embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 144. Bumps 144 are disposed around mounting site 146
designated for later mounted semiconductor die. Bumps 144
represent one type of z-direction vertical interconnect
structure that can be formed over carrier 140. The interconnect
structure can also use stud bump, micro bump, or other
electrical interconnect.

In FIGs. 4c—-4d, semiconductor die 124 from FIGs. 3a-3c
are mounted to sites 146 between bumps 144 using pick and place
operation with active surface 130 oriented toward carrier 140
and interface layer 142. 1In one embodiment, semiconductor die
124 has a thickness of 450 micrometers (pm). Bumps 144 have a
height greater than 450 um to extend above back surface 128 of

semiconductor die 124. FIG. 4e is a top view of bumps 144
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The build-up Interconnect structure 160 further Includes an insulating or passivation layer 164 formed
between conductive layers 162 for electrical isolation. The insulating layer 164 contains one or more
layers of silicon dioxide (S102), silicon nitride (SI3N4), silicon oxynitride (SION), tantalum pentoxide
(1a205), aluminum oxide (Al203), or other material having similar insulating and structural properties. The
insulating layer 164 is formed using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidationt ﬂrﬁéﬁﬂoﬁlﬁ?ﬁ%ﬂIaiﬁr@%&?é%t@,]?eﬂfo%eél%%ﬁan BRI protessto BRpd<F &Gittluctive layer

162.  art & Fioudhl ayeleeticaby aondugtive kump materialds depesitechqver build-up Interconnect
structure 160 and electrically connected to the exposed conductive layer 162 using an evaporation,

electrolytic plating, ele€tfGiess platifigSalfGrap: bf SBREeh St PHOEESE: ThE"BUmp material can be Al
Sn, Ni, AupAgiRbiB%, Gt lsclder, and combinationsthereofwith andaptionahflux solution. For example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bum terial is
ponded (8 TOHGEENATaGE: 15 LLng o SIS ShALAMERESPB g procesRe e S Eskiment, the
bump materialds refloyved by beating thecmatsriat abowe its amelting poi to forohsphericabbalisor bumps
166. In s%rpeaaft)@licatior{lsﬁ byrrln SS%E%E‘%La%enrglfllgwoe]g a secal 4timg t% Ir@l%ove %Ig t@[ircglicont teto
conductive layer T62"fhe bumps can alSo be compression ohdéd to conduétive ayer 162. umps 166
represenpone typesofsintersamaegbistructuie bhetcanhye fovmedravey canductivehlayeri1862.rThe

Interconrgpé:(t: structure car%gIGSOVulsaesbor%de wire stgdmplut p,Anﬂlcr%Qun'@h or%therpg&ectﬂcal Interconnect.

. 1
Semiconductor die 174 are smgulatecFWlth saw blade of Laser cutfing foal 1 8'into ihdividual Eo-WLCSP
170. FIGt5stewsFotWLC $PR 17 0=dfter singulation: Sewmicondurctor die<l2Acis :electiidally connected to

build-up Intereanpect structure 160 and bumps 144.and 166, The penetrabls il eneapsulant layer 150

with adhesive layer 154 and 156 pressed onto semiconductor die 124 and bumps 144 reduces lateral and
vertical dielstifting. After fstoving balskdayeruiseimc VB stagetilps adhesive fie? 154, adhesive

layer 156,5emains argund: semiconductor die 124,and bumps; 14425 an encapsulating layer for structural

support and environmental protection of the semiconductor device from external elements and

contamin@fts! By préssing abesiveddyer 158 6vVertsermicbrducs e dieR4EheE BanpROI4 as the

encapsulgting layer.sthere isno injection of engapsulantas foungd in the prior art to cause die shifting.
FIG. 6 shows an embodiment of WLCSP 172, similar to FIG. 5, with adhesive layer 156 coplanar with

back surface 128 of sefiCond\ittSdiB s 2%, Penetr gide7 ShélsHrémpbdmient ot YRECSPC174, similar
to FIG. 5; with ghielectisally genductive jayey of redistsiution dayer iRDL] 4 6 formed gvekadhesive

layer 156 using a patternina and metal deposition process such as sputtering, electrolytic plating, and

electroles$Bating "Condativeltay et r7s°can BE oretimdfe 1ayeérs dfa}&/l,eéu?éﬁ; Ni, Au, &Y, or other
suitable elgetdgalyeeendusiive matedal. The cusingrasessoaftberse-selting adhesiva: layer 156 enables

high film adhesive layer 154 contains acrylic polymer. The thermo-
setting adhesive film layer 156 has a low coefficient of thermal
expansion (CTE) of about 20-45 ppm/K and high modulus of about
1000-34000 MPa, for example as found in Denko AS-0001, AS-0016,
and AS-0036 adhesive films. The penetrable film encapsulant
layer 150 is heated to 70°C to render adhesive layers 154 and
156 soft, malleable, and compliant.

The penetrable film encapsulant layer 150 is placed

over semiconductor die 124, bumps 144, and carrier 140. The
penetrable film encapsulant layer 150 is pressed onto

semiconductor die 124 and bumps 144 with a force F to cause the

semiconductor die and bumps to penetrate into adhesive layers
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temperature metal deposition. One portion of conductive layer 176 is electrically connected to bumps 144.
Other portions of conductive layer 176 can be electrically common or electrically Isolated depending on
the design and function of the semiconductor device. FIG. 8 shows a plurality of stacked
Fo-WLCSP 170 electrically connected by bumps 144, build-up Interconnect structure 160, and RDL 176.
With bumps 144 extending above adhesive layer 156, there is more contact surface area and higher joint

reliability ¥or'vértigal'eléctricdNfterEiect td AdfaeBAVES-\WEESP FFOeS1ive HESH shofvs an

embodimesh et WLGESP 480 similas £a driG 5 owith bumpss182 fesmed anreRntaetipads-E32: LLentact pads
184 are formed over Interface Iar%er 142 prior to mounting semiconductor die 124, e.g. during the

processing $febs ot FIG. b Csemitotiittior #8152 With thithps 182 i€ mdttte P8 EShtdétpads 184,

similar todnlted€ed intoWHhileseneer mate embosiments of the present inventiondavebeesslllustrated
in detail, the skilled artisan will aj;[aigreciag%%at madifications ar%?jigagt ions to those_ embodiments may
e iona

be madeWithott A&p&ting¥om the SEope 6f the prasBitinvé Sefforth IRk ftdling claims.

layer 150 is cured to harden adhesive layer 156 and securely
hold semiconductor die 124 and bumps 144.

In FIG. 4i, base layer 152 and UV B-stage film
adhesive layer 154 are removed by mechanical peeling or
mechanical lift-off in the direction of arrow 158. The B-stage
film adhesive layer 154 separates under UV radiation while
adhesive layer 156 remains around semiconductor die 124 and
bumps 144 as an encapsulating layer for structural support and
environmental protection of the semiconductor device from
external elements and contaminants. Bumps 144 are exposed from
adhesive layer 156 for external electrical interconnect. Base
layer 152 and B-stage film adhesive layer 154 can also be
removed by chemical etching, CMP, mechanical grinding, thermal
bake, UV light, laser scanning, or wet stripping.

In FIG. 47, 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 active surface 130 and bumps 144.

In FIG. 4k, a bottom-side build-up interconnect
structure 160 is formed over active surface 130 of semiconductor
die 124 and adhesive layer 156. The build-up interconnect
structure 160 includes an electrically conductive layer 162
formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 162 can be one or more layers of Al, Cu, Sn,

Ni, Au, Ag, or other suitable electrically conductive material.
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Claims What is claimed: 1. A semiconductor device, comprising: a semiconductor die; a plurality of
bumps disposed adjacent to the semiconductor die; and a penetrable film layer disposed over the
semiconductor die and bumps to embed the semiconductor die and a first portion of bumps while leaving
exposed a second portion of the bumps.

One portion of conductive layer 162 is electrically connected to
bumps 144. Another portion of conductive layer 162 is
electrically connected to contact pads 132 of semiconductor die
124. Other portions of conductive layer 162 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

The build-up interconnect structure 160 further
includes an insulating or passivation layer 164 formed between
conductive layers 162 for electrical isolation. The insulating
layer 164 contains one or more layers of silicon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum
pentoxide (Ta205), aluminum oxide (A1203), or other material
having similar insulating and structural properties. The
insulating layer 164 is formed using PVD, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation. A
portion of insulating layer 164 is removed by an etching process
to expose conductive layer 162.

In FIG. 41, an electrically conductive bump material
is deposited over build-up interconnect structure 160 and
electrically connected to the exposed conductive layer 162 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 162 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 166. In some
applications, bumps 166 are reflowed a second time to improve

electrical contact to conductive layer 162. The bumps can also
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2. The semiconductor device of claim 1, further including an interconnect structure formed over the
semiconductor die and penetrable film layer. 3. The semiconductor device of claim 2, wherein the
interconnect structure is electrically coupled to the bumps and semiconductor die. 4. The semiconductor
device of claim 2, further including a plurality of stacked semiconductor devices electrically connected
through the bumps and interconnect structure. 5. The semiconductor device of claim 1, further including

a conduchie FE T6r7TeP BvertheFenetrabR i iay8rR and fdctriédly cotpledftothé bumps. 6. The
semicondugtergeviee ehelaiyde whereain tbe penatsable fitmJayerrs coplanar withi:sutbace-of the

semiconductor die. , ,

over conductive layer 162. 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 tool 168 into individual Fo-WLCSP 170. FIG. 5
shows Fo-WLCSP 170 after singulation. Semiconductor die 124 is
electrically connected to build-up interconnect structure 160
and bumps 144 and 166. The penetrable film encapsulant layer
150 with adhesive layer 154 and 156 pressed onto semiconductor
die 124 and bumps 144 reduces lateral and vertical die shifting.
After removing base layer 152 and UV B-stage film adhesive layer
154, adhesive layer 156 remains around semiconductor die 124 and
bumps 144 as an encapsulating layer for structural support and
environmental protection of the semiconductor device from
external elements and contaminants. By pressing adhesive layer
156 over semiconductor die 124 and bumps 144 as the
encapsulating layer, there is no injection of encapsulant as
found in the prior art to cause die shifting.

FIG. 6 shows an embodiment of WLCSP 172, similar to
FIG. 5, with adhesive layer 156 coplanar with back surface 128
of semiconductor die 124.

FIG. 7 shows an embodiment of WLCSP 174, similar to
FIG. 5, with an electrically conductive layer or redistribution
layer (RDL) 176 formed over adhesive layer 156 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, or
other suitable electrically conductive material. The curing

process of thermo-setting adhesive layer 156 enables high
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7. A semiconductor device, comprising: a semiconductor die; a first interconnect structure disposed
adjacent to the semiconductor die; and a penetrable film layer disposed over the semiconductor die
and first interconnect structure to embed the semiconductor die and a first portion of first interconnect
structure while leaving exposed a second portion of the first interconnect structure. 8. The semiconductor
device of claim 7, wherein the first interconnect structure includes bumps or conductive pillars. 9. The

semicondCtBEdEVice f BIgin ¥, ARl indiading d8&cdnafihtercortect Sitttture TsimetGver the
semicondugior;die anslpenettable, filby layebted to bumps 144. Other portions of

conductive layer 176 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device.

FIG. 8 shows a plurality of stacked Fo-WLCSP 170
electrically connected by bumps 144, build-up interconnect
structure 160, and RDL 176. With bumps 144 extending above
adhesive layer 156, there is more contact surface area and
higher joint reliability for vertical electrical interconnect to
adjacent Fo-WLCSP 170.

FIG. 9 shows an embodiment of WLCSP 180, similar to
FIG. 5, with bumps 182 formed on contact pads 132. Contact pads
184 are formed over interface layer 142 prior to mounting
semiconductor die 124, e.g. during the processing steps of FIG.
4b. Semiconductor die 124 with bumps 182 is mounted to contact
pads 184, similar to FIG. 4c.

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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10. The semiconductor device of claim 9, further including a plurality of bumps disposed between the
semiconductor die and second interconnect structure. 11. The semiconductor device of claim 7, further
including a plurality of stacked semiconductor devices electrically connected through the first interconnect
structure. 12. The semiconductor device of claim 7, further including a conductive layer formed over the
penetrable film layer and electrically coupled to the first interconnect structure. 13. The semiconductor
device of claim 7, wherein the penetrable film lay&tR3®planar with a surface of the semiconductor die.
14. A semiconductor device, comprising:

What is claimed:

1. A semiconductor device, comprising:

a semiconductor die;

a plurality of bumps disposed adjacent to the semiconductor
die; and

a penetrable film layer disposed over the semiconductor die
and bumps to embed the semiconductor die and a first portion of

bumps while leaving exposed a second portion of the bumps.

2. The semiconductor device of claim 1, further including an
interconnect structure formed over the semiconductor die and

penetrable film layer.

3. The semiconductor device of claim 2, wherein the
interconnect structure is electrically coupled to the bumps and

semiconductor die.

4. The semiconductor device of claim 2, further including a
plurality of stacked semiconductor devices electrically

connected through the bumps and interconnect structure.

5. The semiconductor device of claim 1, further including a
conductive layer formed over the penetrable film layer and
electrically coupled to the bumps.

6. The semiconductor device of claim 1, wherein the penetrable

film layer is coplanar with a surface of the semiconductor die.
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a semiconductor die; a first interconnect structure disposed adjacent to the semiconductor die; and

a penetrable film layer disposed over the semiconductor die and first interconnect structure to embed the
semiconductor die and a portion of the first interconnect structure. 15. The semiconductor device of claim
14, wherein the first interconnect structure includes bumps or conductive pillars. 16. The semiconductor
device of claim 14, further including a second interconnect structure formed over the semiconductor die

and penetrable fiin? &er 017U Fhe SeRficorithictdr d&Ace dfdaim 16, wherein the second interconnect
structure is electricadly ceypleddodhe huaps and semiconductor die.

a first interconnect structure disposed adjacent to the
semiconductor die; and

a penetrable film layer disposed over the semiconductor die
and first interconnect structure to embed the semiconductor die
and a first portion of first interconnect structure while
leaving exposed a second portion of the first interconnect

structure.

8. The semiconductor device of claim 7, wherein the first

interconnect structure includes bumps or conductive pillars.

9. The semiconductor device of claim 7, further including a
second interconnect structure formed over the semiconductor die

and penetrable film layer.

10. The semiconductor device of claim 9, further including a
plurality of bumps disposed between the semiconductor die and

second interconnect structure.

11. The semiconductor device of claim 7, further including a
plurality of stacked semiconductor devices electrically

connected through the first interconnect structure.
12. The semiconductor device of claim 7, further including a
conductive layer formed over the penetrable film layer and

electrically coupled to the first interconnect structure.

13. The semiconductor device of claim 7, wherein the penetrable

film layer is coplanar with a surface of the semiconductor die.
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18. The semiconductor device of claim 16, further including a plurality of bumps disposed between the
semiconductor die and second interconnect structure. 19. The semiconductor device of claim 14, further
including a plurality of stacked semiconductor devices electrically connected through the first interconnect
structure. 20. The semiconductor device of claim 14, further including a conductive layer formed over the
penetrable film layer and electrically coupled to the first interconnect structure. 21. A semiconductor
device, comprising: a semiconductor die; a first interconnect structure disposed adjacent to the

semiconductor diesand conductor device, comprising:
a semiconductor die;
a first interconnect structure disposed adjacent to the
semiconductor die; and
a penetrable film layer disposed over the semiconductor die
and first interconnect structure to embed the semiconductor die

and a portion of the first interconnect structure.

15. The semiconductor device of claim 14, wherein the first

interconnect structure includes bumps or conductive pillars.

16. The semiconductor device of claim 14, further including a
second interconnect structure formed over the semiconductor die

and penetrable film layer.

17. The semiconductor device of claim 16, wherein the second
interconnect structure is electrically coupled to the bumps and

semiconductor die.

18. The semiconductor device of claim 16, further including a
plurality of bumps disposed between the semiconductor die and

second interconnect structure.

19. The semiconductor device of claim 14, further including a
plurality of stacked semiconductor devices electrically

connected through the first interconnect structure.
20. The semiconductor device of claim 14, further including a
conductive layer formed over the penetrable film layer and

electrically coupled to the first interconnect structure.
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a penetrable film layer disposed over the semiconductor die and first interconnect structure while leaving
exposed a portion of the first interconnect structure. 22. The semiconductor device of claim 21, wherein
the first interconnect structure includes bumps or conductive pillars. 23. The semiconductor device of
claim 21, further including a second interconnect structure formed over the semiconductor die and
penetrable film layer. 24. The semiconductor device of claim 21, further including a plurality of stacked
semiconductor devices electrically connected through the first interconnect structure. 25. The

semiconguctor dewdicenot-elain 2o further inclydingracanguetve layer formed over the penetrable film
layer and electrically coupled to the first interconnect structure.
a Semiconductor die;
a first interconnect structure disposed adjacent to the
semiconductor die; and
a penetrable film layer disposed over the semiconductor die

and first interconnect structure while leaving exposed a portion

of the first interconnect structure.

22. The semiconductor device of claim 21, wherein the first

interconnect structure includes bumps or conductive pillars.

23. The semiconductor device of claim 21, further including a
second interconnect structure formed over the semiconductor die

and penetrable film layer.

24. The semiconductor device of claim 21, further including a
plurality of stacked semiconductor devices electrically

connected through the first interconnect structure.
25. The semiconductor device of claim 21, further including a

conductive layer formed over the penetrable film layer and

electrically coupled to the first interconnect structure.
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