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. Baclﬂéund of the Invention Semiconductor devices are commonly

found in modéﬁ’&&&ﬂﬂﬁ&ﬁ% Y I RBRa Y& S ERBYiRES Egmﬁhlﬁe %m% of electrical
componerftd GBS NEn AR AR o DI RR YEREP A Pdh t AN e T B SP Bt EORTpbRFt, 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 compphents. &ERagpdeIavetagiaied semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). Semiconductor devices perform a wide range of functions such as signal
processing, high-speed talcplations ;- tramsmaittingband edcetving eltectromagneticsignals, controlling
electronic devices,glrar]csforrrgng sunlight t% electricity, and .cre%tiriglvisu%loprojections forolr'ele%/ision
displays.steemrﬁi%%1 uctor devices are found'in'the ﬁe%%ro%le%lfler?amﬁﬁén ) co?n%ﬁﬁﬁ%gﬁgnéfcpo%er
conversialgnetworksd compteiscdndforming 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
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, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or base current or through the

process of doping. Doping Introduces impurities into the semiconductor material to manipulate and control
the condﬁ&ﬂlﬁk}%??hé’gé)%%?l%lucto?%‘%f‘c%@dmtOr ACSERAiEBRdEEr Bevite EOHtINS Active and
passive eleatricalsirugtyes cAetivenstfuciyres: inclyding bipedariand field effeet-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fa%dwW'sh Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ ghabl tﬁSI%ﬁﬁ&%ﬁhtc? r QRIS to déornt RighSpaetiCalcdisiiohs Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asirgp o camplexcmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

hundredsm(%lfrl sjtgb1 r%nt-kéﬁd méenuafggtuﬁﬁa AVOIVES the Tformation of a pjﬂjeraﬁtyoo]? i€ on the surface of a

semiconductarcwaferrEacir dieds typiealiyridentical @hddcamtaigs cirdwitsi foymedthyoelectrisally connecting
;‘ﬁiﬁs"heegrﬁﬁ%@gﬁﬂ%ﬁ%i%g%?gs‘iéo%ri% fanpiaciunng involves singylating indiyidual die from the
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
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 mEyesilt #1'SeRitohtt et dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packaginguatedals: ing islna far-euhwafer level
chip scale package (FOTILCSP), a semiconductor die is commonly mounted to a temporary carrier. An
encapsul3Reis'dEposiBd OvBFtHe SEmitoHAGEDr die™dHd caTierSypicay by idia ri&ction. The carrier is
removed do expase thessemieoadyctos die, mngra:build-up diterconnectsitucidre isdopned averthe
exposed semicogﬁj ctor die. The semiconductor dje is known to vertical!_y d laterally shift during
encapsulafion, #&lﬁéﬁ?%ﬁﬁng mdld %é&ﬁdﬁ?%hiéﬁl% ChuSE ISRt of te biitd-up
interconnest stractares Nre-tethoiqueioftsecuringthe semiconduicios dieto theaddreer tonkeduce die
shifting invrol\{fscformingAwettaaltilﬁ &ad over the carrier gnd sggurigz%y semicoPguctI% rqjce to.trr11e
wettable Baas L\}wfﬁsb'umps. & formation of %vze?ta%?eypa(?s ﬁ/plc%lﬁy invo \yeslg}?otofﬁ%ograp%y,letching,
and platingnevHichare ime consuasng andwcbsily gnainufadtering processés cThe wettable pads and
bumps increase, interconnect resistance between the semiconductor die and buildup interconnect
struc:turefgIenSlty AaS%:rLglﬁy %Péo ductive vias or Siﬁgl%nelg bomgrﬁgr%y?gﬁngg '%Crgugshe tar1em§r¥capsulant for
z-directionartical hectroal dotersorinect testackesemicoheustor ldevicesaThe condudtivelvias are
typically ¢oplanarwith fhe,encapsulant..The minimal expased suifage, atea.of the,condygtive via reduces
joint reliability with the stacked semiconductor devices. Summary of the Invention A need exists
to reducevdiesshifing and improve joint reliability for stacked semiconductor devices. Accordingly, in one
embodiment, the present inveation s a method of making a;semiconducigr.deyice ¢pmprising the steps of
providing a temporary carrier, forming a plurality of first bumps over the temporary carrier, mounting a
semicondUctordie td tFETrRPOIARF EQFFie? betwéerr HETMBLFuMPSBrRVIdHTy & petrefrabr-film

encapsulagtlayerincluding. a base layer: first adhgsive layer .aad seeendsadhesive [ayer pressing the
penetrable film encapsulant layer over the semiconductor die and first bumps to embed the

semicondittorcdie areffirstBirnps Withirthe firsfand s8ESHPRdhediE 18yRFS, ‘&@ifingthe penetrable film

encapsulashbaye!, separating dhe fiest adhesive dayer andsecondadhesiveilayerte remove the base
layer and first adhesive layer and leave the second adhesive layer around the semiconductor die and first

bumps, réMoving B tempdFary Cariér, afd fFormiRg anviRterEorectBitaEHre Vet sEmizdnductor die
and secandsaadhesive layer.

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
semiconductor die to the wettable pads with bumps. The
formation of wettable pads typically involves photolithography,
etching, and plating, which are time consuming and costly
manufacturing processes. The wettable pads and bumps increase
interconnect resistance between the semiconductor die and build-

up interconnect structure.



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a carrier, forming a first interconnect structure over the carrier, mounting a
semiconductor die to the carrier, providing a penetrable film encapsulant layer, pressing the penetrable
film encapsulant layer over the semiconductor die and first interconnect structure to embed the
semiconductor die and first interconnect structure within the penetrable film encapsulant layer, removing a

first portion of the penétrablé it Eh¥afdulaMIgYEtH Expose Thé Firdt interdonntet SradiareWhile leaving

a secondspartien of the-peneteakie &l gpsapsulanttlayer.argund the semicanduetar die and first
interconnect structure, removing the carrier, and forming a second interconnect structure over the

semicondUctSTdie Hhtl SR POMIGT bf fHe partrsbie AT eRCAStF A Iay&y ~ €S - I Bfother
embodimest,dhe present invendios is agnethod.of soakiag arsemicanducioedeviee ¢oaprising the steps of
providin enetrable film encapsulant layer, pressing the penetrable film encapsulant layer over a
semiconﬁ% of'diB Ak first: i%?esfgénrﬁc’él& Tetité 16 e e%gt%ecs% B5hduSor did a%%dﬁ%? interconnect
structure yithin theepenréttable il encapsidastlayek andaaioving a ficst postiarcekthe penetrable film
encapsulant layer to expose the first interconnect structure while leaving a second portion of the
penetrable film encapsulant layer around the semiconductor die and first interconnect structure.

In another embodiment, the present iBvamaaryiscet séimécofrivettr texice comprising a semiconductor die
and first interconnect structure disposed around the semiconductor die. A penetrable film encapsulant
layer is pressed over the semiconductor die and first interconnect structure to embed the semiconductor
die and first interconnekt sactusscwithin the perdtrablelfiln ehcdpsulantdayker 1 Aseconad jntérdonnect

structure is formed; quey the semicondustar die and penetrable.fijim.encapsylant Jayer, Brief Description of

the Drawings
one embodiment, the present invention is a method of making a

semiconductor device comprising the steps of providing a
temporary carrier, forming a plurality of first bumps over the
temporary carrier, mounting a semiconductor die to the temporary
carrier between the first bumps, providing a penetrable film
encapsulant layer including a base layer, first adhesive layer,
and second adhesive layer, pressing the penetrable film
encapsulant layer over the semiconductor die and first bumps to
embed the semiconductor die and first bumps within the first and
second adhesive layers, curing the penetrable film encapsulant
layer, separating the first adhesive layer and second adhesive
layer to remove the base layer and first adhesive layer and
leave the second adhesive layer around the semiconductor die and
first bumps, removing the temporary carrier, and forming an
interconnect structure over the semiconductor die and second
adhesive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming a first interconnect structure over

the carrier, mounting a semiconductor die to the carrier,



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
encapsulBhPlayer fstnfedaroGhd e Sericohdtitoi kife! aAd intértohhecPstirctared the FIG. 6

illustratesthe-penatnabler filnh easapsidantdayercoptanarwith thessenaiconductardier die afdG. 7

illustrates an RDL, formed over the penetrable film encapsulant layer; ,
first interconnect sStructure to embed the semiconductor die and

first interconnect structure within the penetrable film
encapsulant layer, removing a first portion of the penetrable
film encapsulant layer to expose the first interconnect
structure while leaving a second portion of the penetrable film
encapsulant layer around the semiconductor die and first
interconnect structure, removing the carrier, and forming a
second interconnect structure over the semiconductor die and
second portion of the penetrable film encapsulant layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a penetrable film encapsulant layer, pressing the
penetrable film encapsulant layer over a semiconductor die and
first interconnect structure to embed the semiconductor die and
first interconnect structure within the penetrable film
encapsulant layer, and removing a first portion of the
penetrable film encapsulant layer to expose the first
interconnect structure while leaving a second portion of the
penetrable film encapsulant layer around the semiconductor die
and first interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
interconnect structure disposed around the semiconductor die. A
penetrable film encapsulant layer is pressed over the
semiconductor die and first interconnect structure to embed the
semiconductor die and first interconnect structure within the
penetrable film encapsulant layer. A second interconnect
structure is formed over the semiconductor die and 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 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 alternativeBriiedifivabenspiitoenwralens ascaayhgsincluded 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 pmcesseslft@ﬁzef@maautacmm@ndibacfleeedﬁnajymgtuﬂﬂg. Front-end
manufacturing involves the formatlon of a lity of die on the surface of a semiconductor wafer. Each
die on thgwg gosntgl%léréc?ge %\%dlpa sive e]? é?’(:al components, which are electrically connected to
form functional electrical Gircuitsa Aetive electricah cemponehntsy sdeht as transistars and diodes, have the
ability to control the f|0\é\l of electrical cucrlrent Passw Iectrical componen nts ﬁucrﬁgﬁ capacitors,
inductors, r&@tors andjtrans?ormers creaFe a rB%? gﬁs be Wélen vol age and clrrént necessary to
perform electrical circuitfGsctichs-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. 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 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



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 semiBSiftfuctGmateriafEdrtlctiViy T rEspbhse (¢ af eléttic Higlklroridasié cutrérft. Transistors
contain regipns ef yainatypes ahd degrees af deping arcangedrascnegessary torenabie thestransistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.
Active andPagsivE CSThPEeSs Sre TR 6y fal/ePs of Aaterfis with différant 81dbfital froperties. The
layers canrhel fofimedwbyta varietyof slepositiontechiigues detetminethindgatt by thestype of maaterial
being deposited. For examggz, tgin film deposition.may involve chetmical vapor deposgion (CVD), physical
vapor de%é’siﬁgﬁ (PUBY sttrdiyfic Bl%tiﬁé), and lebtrofess Hlatiy Srocessed EachIay&ris Yeherally
patterned tol formipartions of. activeecamplonints, ipassive components, or electrical connections between

components. The Iaggrs cancl%e g?tter.ned usin phomhth?é?’r?:fgd E/\i\{ll'gch chlv]pév s the deposition

of light sensitive materla?,mel.g.,rb%%?oregi Over the %§/er to be ]f)% pa‘?t?ern is transferred from a

photomaskito therphicteressst wSmngtight nbhe portionsafthe photdresistipatternfsubjected to kight is
removed,ising & soivent, expasing portions. e ihe underlying jayer.to.be, pattered, The rgmainder of the
photoresist Is removed, leaving behind a patterned ?ayer. ternatively, some types of materials are
patterned by directhndegositingl thesrhateriab intd tke aredsher voids formedtbyaa previous deposition/etch

process using teshnigues, suehzas elecigless and electiolxtic plaing.. . . » ; ReRASItING athin film of
material over an existing pattern can exaggerate the underlying pattern and create a non-uniformly flat
surface. Ramiforaly=flet strface Is rejliredas produtelshalarcarrd foke denddly paekeg attive and

passive qomponents: Planarization.can.be used to.temoye material from the surface. gfthe wafer and

produce a uniformly flat surface. Planarization Involves polishing the surface of the wafer with a polishing
pad. An SISTABIVE ShateriaPaitd: cefodive themicH aré added 26 fife strface Shhedfafer Burikg polishing.

The 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



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 singilatidif the fifdhidGal'di€ are RourtetFtd-4 patRage substrate that includes pins or contact pads

for interconnection with etherSystem samponentsofentact pads fermed guer the semieerdustor die are
then connected to contact pads within the package. The electrical connections can be made with solder

bumps, St BampsScdnduttive PaSEE b wirdbohtis CAn entaBSHantsother moltdifg hiatendl is
depositedhevertheqpnakage to pravde pbysicalsupportcand elestiicaliiselalione The dinished package is
then inserted in%in electrical sysgem and the f nctionaliiy of the semiconductor device is made available

to the otH&systetn tBmpohBhts. " Mt CHIG 11 TifustidtesE8ESe devicR sEHRAVIRG ' chip tarrier
substratefariprinted circtiit boarch(P CB)/52 withanplutality of semicondpctor packages/mounted on its

surface. Electronic.device 50 may have one f semiconductor package, or multiple types of
semiconéljukc\f(:)S’rl|c():éijc:ll<a‘é%g,O 3eéj§r%‘|}r?gl o1 the ;ppilgdtio%ﬁ'ﬁiér |fc}élr1érlltc ty%?% %?rsl,gmé%n%uctor packages
are showalin EGo ldespwposesof Hlustratiores .  EadHedtagric device5Gmaybe a stand-alone

system that uses th% s%nl%oon]grhjctoor Iptalcggge% J%oa%%q%rvr% one or %%gtegectrlggl functions. Alternatively,

electroni¢ device 50 may be a subcomponent of a larger syste exa’mpﬁe, electronic device 50 may
be part of amefinlan pronepersenadldigital assistat (PDA, digitalddes camera (DVYC), or other

electronic com municatilorpedelvétg/eé @teé%ti\@éy,[ﬁﬁcgg%% geylig? I;S(S) %%thg% j‘i‘i%ﬁ%@ﬁﬁﬁ‘{/q , hetwork

interface card, or other signal processing card that can be inserted’into a computer. The semiconductor
package €aa diicldde Micioprodessery, prarhanas, dpplication sgeifid inteymeddeeiicuits (ASIC), logic
circuits, analqg, ciscuits, RF clrquitsy disgrete deyiges orather semicondiicior die pr,electrical
components. The miniaturization and the weight reduction are essential for these products to be accepted
by the mé&fket ST disthnte BetweBh SERTCGTHUetoridevides A hasElse décreased td aghieve higher

density. e pdfflGn L PGE2 provides & aeneral subsirate o5 stuctral suppopangelectrical

interconnect of the semiconductor packages mounted on the PCB. Conductive signal traces 54 are
formed oVEMR SEffate oF WithinSIlay &R G P CBB2SUSiAg RVapSration OéleEhEIyHE pratingl BRectroless

plating, seegen-printings op gthes syitable metal depasitior pregesshSignabiraces 54 proyde for electrical
communication between each of the semiconductor packages, mounted components, and other external

system cbRTpoRBAts. TFACES4 SRBProvide oW dHe grbtiha connBeticis o eathiofthé $8ficonductor

packages.ypes 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



In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to an intermediate carrier.
Second level packaging involves mechanically and electrically attaching the intermediate carrier to the
PCB. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and eIectri,caII%J mounted direct%}g the PCB. For the purpose of illustration, several

types of FfStRevit PatRaGiAG Lifciudiigrwite bohd PHtkage $8'ar MipThiiP58 Care showit o PCB 52.

Additionally, severahypes of secand leyebpackagingy incleding hadaxigrarray-BeA)} 6 oump £hip

carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,

quad flat WOhI84Hed padkdye’ tBERT 0, and quad flat package 72, are shown mounted on PCB 52.

Depending upon the system-requirements; anycompinatien-ef semiconduetgr packages, configured with

any combinatiorlof first ang second I%/el pae%l%a in s%lles, as well as other electronic components, can
1A%0 infehts, e

be connettétts PEBSD. ambod nic HevicdB0 iHel tesH Singl attatHed
semiconguctarspackagehwhile othereshadinents calkfos paultipleridtesconnestedpackages. By

combining.one or;more serpiconductor packages,over g sinale substrate, manufacturers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sephistcated fiimctionatityza électronicndeides-tan be manufadtueed asing cheapéescamponents
and a strg%rpy%%ds fnarnﬂg%cturlr%% pracess. The e%ueltollnglg%\rlllges ?g:-)% less likely. to I{all %‘B%’ I1esosrexpen5|ve

WF 1S Fln%u a sgr cu él
to manufacture resultlng In a lower cost for consumers. . 2a-2¢ show xempiary

sgmicqncﬁm&o@mk@gesﬁﬁ@@asiﬂugt@es immhertdlm_ai_l ofiﬁ?ﬁ@n#ﬁlo@d@d OrEPOBWBL. @émi_@onductor
die 74 ingludes. an active region containipg Analag.or. digital cirguits, implemented as Agfive devices,

passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconnettetr accordingtothe eldetiiddl designdfene disu=orexample, dhe eiretit PRgsinclude one or

more transistors; digdes, jnductars,; capagitors, resistors,,and. ether circuitelements farmed,within the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,
such as &aminuftAl) coppepackage. The electrical connections can be made

with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
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



(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 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. Entapsulaft 841 Bspdsitell dver the"fadkatR oP BRTiFanmERtaP protectich by preventing
moisture aadiparticles fropnentesing the package andkeptamipating dis-74 onwirediands G i c

FIG. 2b illustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90" G&RY A GdeHill BFEpE%-redin AREGTE HiHt&rial0E Wit BoRdS 9% 516vide firétlevel
packagingdntereprnect betweerdigontactpads 96.and 98cMalding cosrpasidear encagpsulant 100 is
deposited over semiconductor dje 88 and wire bonds 94 to provide physical support and electrical
isolation For thi€ devicd. €dh c?’ﬂ%tds 102 \;}éfs foried 8\%% £ 80iftade GPBEB"S? using K suitable metal
depositioagrocessisucivas peckabytic platingnarieléetraless platingde preventoxidatibasContact pads
102 are electrically connected to_one or more conductive signal trac 4 in.PCB 52. Bumps 104 are
formed bERasr EiaE: AR08 of B 5D Sg Sontads P A0P e 5707 LG tag
semiconducidrodie SBrisumauntedFace down te intéimediatescarerer $66 withra fiphehip style first level
packaging, \etivs, region, 108 of semiconductor die 58 sontains analog or digital clreyis implemented as
active devices, passive 8evices, conductive layers, and ¢ flel?actrics]éyers ormed according to the electrical
design ofethé dié.cForeedalmiple stiewircoit mayeinehudendne or more tlaasistars odindés, indudters,
capacitors, fesistars. gd alher dicull elements wiip Active gegign 08, Semiconduglordie S8 s
electrically and mechanically connected to carrier 106 through bumps 110. BGA 60 is electrically
and mech&niéalsconnetdtbtcPCBSEE &ith OB BAhstglessdcbnddevel pagkaging using bumps 112.
Semiconductor die 58 ig elpetrically conpnecied fo-condyctive signal frages p4dn PGB 52 through bumps

110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is deposited over

semiconductoicdis 58larfd EaRier 18840 provide pRysicansuppertantéleefricalBolation for the device.

The flip chip.semiconduetor device pravides ashortelecticabeanductign path from theagtive devices on
semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,

lower capdditafite “dndinfproVeBveralVSicuit peHormaRce In“aridther dmbBditétt, thefsemiconductor
die 58 candie,meshapisally and electrically coppestaghdirectly to PCR B2 uisingsflipchin style first level

packaging without intermediate carrier 106. FIG. 3a shows a semiconductor wafer 120 with a

base substrafeemateridl 1229sudH a8 Siligdn SyerhfEmemIGafinm aRedite ! fdidh PHosphide, or silicon
carbide, for gtructural-stpports Adpldkalieofrsamisonductordie oreampanents dr4 s farmeed on wafer 120

Separateggghsac\)/\ffs'[{%eetsslezrgi%soggicéiggg apba?é/]séges, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In 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
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FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and 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 ma‘pg/, Include one or more transistors, diodes, and other circuit elements formed within active

surface 18648 impfetfiénPaTdiag theuits S digiardrcting Ssdepras BiitaPsignal%rotessot {BsP), AsIC,
memory, & ptheyssigral Precessingeireuit Semiconducton dig L2k may also-cantaindategrated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one
embodimEnt LEMicEHGIctBAGie D418 a fipEHPlype sBicordfttbrefie®y (BG2An Bfectriedny
conductivenlayer 432 isstormedmves activeisarfaee- 130 asingdR¥Be CUD, rledmlyticaplating. ielectroless
lating process, or other suitable metal deposition process. Conductive layer 132 can be one or more
Fayers o A1, SN AR AGTEY B SRaBE U Sorth et o FbEAY COBUARAT B er 192
operates@sctontact (zids )elactyicalhocannedted tortheacitcaiis onZactive sugfaced3Bounted bhFIG. 3c,

semicon%ltc%?r \yaferﬂ.ZO is gin ulated thrgggh saw street 126.usin%a saw blade or laser cuttinr? tool 134
ate

to separ e5 wafer Into in ﬁ/loqjalfggrrﬁicondu%%]osrtdelén 1og AU+ Efifé. AA-41 TS répea}ifnl relation to

FIGs. 1 and 2ee2¢,ca processof fernkng aspenstrables filme éneapsulamtyayemaroonad assemitonductor die
and Intertf?gnnetct strycture. FIG. Aa sklows a substratesc%r %rrier 140 coritlflinailr%g getrﬁgq:rary or sacrificial

X con eve aCKagln e as, w .
base matetial such as si icon, polymer, ﬁjeryllﬁw% oﬁde, rothér Stiitable ow-cost, rigid material for

structuraksugsport Ancinterfaceniaygéser doublésidedtape i« is foftéd over carries4@ as a temporary
adhesive handing, film or elcSIORIAYRL. e 5 ¢ INIC; 40y anelectricglly canductive pump material is
deposited over carrier 140 and Interface layer 142 using an evaporation, e?ectrolytlc plating, electroless
plating, bafimiconductor 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
manufacture resulting in a lower cost for consumers.
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
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drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and
combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. 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-Hfiréttiorr verti€aMhterddftéct sthitture IRdtcal™ve forffed overarriér40. e [Atdiconnect

structure £a83i$q Use stud-Bump cnierohyimp,orotherelectsicahlotersomnested withhnFIGs. 4c-4d,
semiconductqr die 124 from FIGs, 3a-3c are mounted to sites 146 between bumps 144 using pick and

place op&fatiofi Withadtive slitfacd 130 SiEmBd tGRa e 146 Ahd drterfAaGRH& 8 1425 i one
embodimeng semicenduciordie 124 has athieknessicf4b0-micrometers (pay) nBumpsdi4-have a height
greater thar;450 m to extend above back surface 128 of semiconductor die 124, FIG. 4e is a top view of

bumps 134 triiell &rOURG sEMicoRAUCtS! did 102° BUMPS'T44 Ear be 16fnad ahBFMbuhting
semicondusterydied 2ddoscartersi40. The FdGk4fshoaws anialteinative embadimerd witheconductive

pillars 148 Jgg(rged over | %%rrilgri %%O gé%%nda%emzlf%?ndu%to(g ]giec:é%%.mConducéi(\D/e (Plillgjacrg r14§eca(gllsbe formed
by depos]lotlng a%hol%resstelayer over carfier £ ,*\éﬂ%er prior to or after mourﬂlng semiconductor die 124,
and then §atterming three photodesistiusimg phdtelithographyctolformbaas prthe qillardiocations. The vias

are filled \S/vith Al Cé'usnorNi’ Oﬁué A% ght#ngé@n&/\{), phorl,}/c-%ig%% e tot@%r suitagle elegtcriecglly conductive

. emicon $t % ﬁs %P?a .
material using electrolytic platlng, electroless platlng process, or other suitable meta eposition process.

The photor@istﬁélﬁem@vé@m@vﬁ@rzddﬁeéﬁmnmpallcmm*c&v@ piflarpy4@reorductive pillars 148
extend ahoue back.surface,128 of semicopdycior die 124, o o3, 49 shews a penetrable film

encapsulant layer 150 including base layer 152, ultraviolet (UV) B-stage film adhesive layer 154, and
thermo-segingaadhesiverfiindager #561nwhecemboditneht,-base layer 152 contains polyester, and UV

B-stage film adhesive layer 154 contains acrylic pelymer . The thermosetting-adhesiye film layer 156 has a
low coefficient of thermal expansion (CIE) of about 20-45 ppm/K and high modulus of about 1000-34000

MPa, for @XaRiple a8 fourkPiRDemd ASB00 AS0016, APASE0036 adhesive fiftis. The penetrable
film encapsulagt layer, 13Q js-heated.to L0C o render, adhesive layers 1a4 and 16 soffy malleable, and

compliant. The penetrable film encapsulant layer 150 is placed over semiconductor die 124,
bumps 18878 C4rrieF 246 SFhe peRstrafiEFimRteapstant fyer 15078 felsska s Bemiconductor

die 124 angr-humps 344 withea forge dsto causetha gemigRrductorgdie anduunps ta-penefrats into
adhesive layers 154 and 156. The force F is removed after adhesive layer 156 comes into close proximity

or touche&2 b $Giface6FInfETate 8GR IAE FI&S 4R $hoWe SEhitoR@Edsr die 122 BRPBUADs 144

embeddeshifito adhesivefayers 354 andds6r Bumpsi 144 sayer may neheortact base layer 152. The
penetrable film encapsulant %yer 150 is cured to harden adhesive layer 156 and securely hold

I
sanbon&&ﬁ&?&&:ﬁﬁ%ﬁu}B mﬁgﬁAQPImed over a surface of PCB 52 using ‘a

suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a 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
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In FIG. 41, 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 fhferdbrindbt 1BasETAYEF152 8nd B-8tage fifhHthesherlaye 154 €4n also b téthdved by

chemical eighing -6 MP, mechanical grinding, thermal bake WY lightriasarscanning, ok wet skipping.
In FIG. 4, carrier 140 and interface layer 142 are removed by chemical etching, mechanical peeling,

CMP, mechdnial ¢ffiding SHBHRENEEKE, Vv fight, Pabet Scalmingr orwet StripPihg to expose active
surface Id@anthbumpsd4donnectetn EKS.cg aikottonsidenkuilcyup mitarconneot. structure 160 is
formed over active surface 130 of semicondyctor (ﬁg 124 and adhesive# yer 156. The build-up
interconnect structure 160 includes & sletciricatly chnaliveTIayer 162 forhed Uing aPattetning and
metal depasitiane process suBbasssputtering celedtrakytie platingk and etectroless plating: Gdrrductive layer
162 can lg% one orénorgol%ygls of Al, Cu, Sn, Ni Aiué% or other sujC g_:e electricglll}lc%()lqzdeuctive material.

, ta
One portlonmojf%%rrll Uctive Iaye?l is SleCtrica § connected 0 Bﬁ?:np% 4t4(? Another portion of conductive

layer 162sisgtectricallcconneéteichtorcthtact padscl8hofsemisonddctors dignk24. Cthes portibns of
funotion a7 (e 4R ondictor dovlea e e cammact chuckurs 180 further inoludes an
insulatingleprpassivatiorvayerstsy forméddiatweencohduetive lagersits?2 fdieleéctricaldsaldton. The
insulating fayer 164 contains ene onmere Jayers of siisen dioxide 5102), sliena pittde (Si3), siicon
oxynitridé (SiON), tantalum pentoxide (1a205), aluminum oxide (Al203), or other material

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.

FIG. 3a shows a semiconductor wafer 120 with a base
substrate material 122, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 124 is
formed on wafer 120 separated by saw streets 126 as described
above.

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
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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, electroliltic plating, electroless plating, ball
drop, or StiEePriffity protess O Phé buhipEmatsiial cRADeSARBRI R, Al A P B i %older, and

combinationsitheeeaf nwith aneptional-Bus selutien,., Forexaemple sthe bitmp materiahcan be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer 162 using a

suitable &ttaehnmert or BoRAMhg Protess. 3f bhé%eribodittent, thE Hunp MRatERTs réfiivetPby heating the
material ahoveuits mettingipeint tolfosnrsphetieal kallsrordrinps;166.1Insomme applications ckumps 166
are reflowed a second time to Improve electrical contact to conductive layer 162. The bumps can also be

compression bohded 15 coRaicthve 1agér a2 BurmpS186 rEpraSeRtone type Sfinterconnect structure

that can se faramedioverconduetiver layer $62.1 ke nterconnedtrsteuctureschnoalse Lise bond wires, stud
bump, micro bump, er electrical Interconnect. Semiconductor dje 124 are singulated with
saw biad O LA58r SRS Mool SR TindH AL L8P TT0LFIG, & BokS FLBRLCEP 170 after
singulatidmiSeraicenductor geck2sisiglectricdlly cormesterbtbibuilt=up drtericomneéctstructure=160 and
bumps 1414& gnd 16a6 aple film_encapsulant Ia(%er 158 with adhesive layer 154 and 156 pressed

. The penetr |
onto semiconductor dilreb ]1§§haln% k?ﬁ]rﬁ[:e)s 144 1e &gglls.clgtera and vertical die shifting. After removing base
layer 152 and UV B-stdge filheatihesive layer d541adhesive fyer 158 2emairfsoareridsemiconductor die

124 and bumps 144, as-an encapsulating, layer for sgryctural sunport and. epyirgnmental protection of the

semiconductor device from external elements and contaminants. By pressing adhesive layer 156 over
semiconductortdie Usamd blirps I2dcssthe, erfdapstlating $ayierathbre iehe injectionséftériapsulant as

found in the priarart tocayse die shifting,. . 13, FIG, 6shows.an embodiment of WLESR, 172, similar to
FIG. 5, with adhesive layer 156 coplanar with back surface 128 of semiconductor die 124.
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.
FIGs. 4a-41 illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a penetrable film encapsulant layer
around a semiconductor die and interconnect structure. FIG. 4a
shows a substrate or carrier 140 containing temporary or
sacrificial base material such as silicon, polymer, beryllium
oxide, or other suitable low-cost, rigid material for structural
support. An interface layer or double-sided tape 142 is formed
over carrier 140 as a temporary adhesive bonding film or etch-
stop layer.
In FIG. 4b, an electrically conductive bump material
is deposited over carrier 140 and interface layer 142 using an

evaporation, electrolytic plating, electroless plating, ball
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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 temperature metal deposition. One portion of
conductivE B§er 276 REERRHHCAHY RoRASCRd %6 Bifps 144 CtHBPpBRIbRS bf LoRddictive IAyer 176 can

be electrically samman, onelectrisally isolated depending emtnedesigm and dunctionafdhe semiconductor
device. . FIG. 8 shows a plurality of stacked Fo-WLCSP 170 electrically connected hy bumps 144,
build-up itértoAfle €L 1607 And ROL 178. wWithBurfipg 184 extdrtind BBV &' abfEdide layer 156,
there is moere contactissrface asea @b higher-joins teliebility for verticad etectricad Intercopnect to adjacent
Fo-WLCSP 170. FIG. 9 howsg;m el bo%iment of WLCSP 180, Sinl'lail ar to FIG. 5, with bumps 182 formed
on contagfbaocféelsef.ﬂ??o A&t Pads 182 S RrMBHOver tdfads fay_F T 2%¥io’??oaﬁforﬁ%tiﬁ§5‘e
semicondaucterdie 124h e duringrihe processinognsteps of £1G. 4lpHsemiconhdoetor dieoX24 with bumps
1821 m%%r}%rﬁ%t 22(“""%8%%% 184, similar { iE'%s“e(l%(a adfo%ncyv Pn'c'ﬁf?lrt‘en?é%cmso{ ﬁenﬁ%d'me“t.s of the
present invention have been flustrated in detall, the skilled artisan will appreciate that modifications and
adaptationstd gheseedmbodinmerts may be eadeswithovtrdepartimg from. theEsoape df4ée present
'“Ven“onégﬁ%gégﬁ@'%H¥3¥¥8Q”Ekdéwﬁ%rgé'Tén 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. In 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

formed around semiconductor die 124. Bumps 144 can be formed

after mounting semiconductor die 124 to carrier 140.

FIG. 4f shows an alternative embodiment with

conductive pillars 148 formed over carrier 140 around

semiconductor die 124. Conductive pillars 148 can be formed by

depositing a photoresist layer over carrier 140, either prior to

or after mounting semiconductor die 124, and then patterning the

photoresist using photolithography to form vias in the pillar

locations. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti,

tungsten (W), poly-silicon, or other suitable electrically

conductive material using electrolytic plating, electroless

plating process, or other suitable metal deposition process.
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a penetrable film
encapsulant layer; pressing the penetrable film encapsulant layer over a semiconductor die and first
interconnect structure to embed the semiconductor die and first interconnect structure within the
penetrable film encapsulant layer; and removing a first portion of the penetrable film encapsulant layer

to expose the first interconnect structure while leaving a second portion of the penetrable film encapsulant
layer aroGh§ R S&mfconttttot dig SR iR intercohr@cEstidcibife: 12 TREmetivSdl of claim 1, further

includingderming @ secanintereonnecrt strustue everthessemigenduater dierantisegangportion of the
penetrable film encapsulant Iz?%/er. 3. The method of claim 1, wherein the penetrable film encapsulant

layer incl0GES aBHsEAG er: fifst RhESTE T Sh@ Sefditd Adfiesive layer. 4. The method of claim 1,
further including curingrthe pengtrabtediimepeapsttandlayeli Im encapsulant layer 150

including base layer 152, ultraviolet (UV) B-stage film adhesive
layer 154, and thermo-setting adhesive film layer 156. In one
embodiment, base layer 152 contains polyester, and UV B-stage
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
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. 4i, base layer 152 and UV B-stage film
adhesive layer 154 are removed by mechanical peeling or
mechanical 1lift-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
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5. The method of claim 1, further including forming a conductive layer over the second portion of the
penetrable film encapsulant layer electrically connected to the first interconnect structure. 6. The method
of claim 1, wherein the first interconnect structure includes bumps or conductive pillars. 7. The method of
claim 1, further including: stacking a plurality of semiconductor devices; and electrically connecting the
stacked semiconductor devices through the first interconnect structure. 8. A method of making a

semicondittEdevide, TONMPBSIAG Providmg d pendirable fih eticapSGlaht fay8FPPObresElty the

penetrablenfilm-ghgansulant fayer aver arsesticenduciendie anguftrsbinteregnnect stivigture to embed the
semiconductor die and_first interconnect structure within the penetrable film encapsulant I%yer while

leaving aSStraCRF the SEfidohdtidtor dhe BRPdde Gy 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. 4], 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.
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
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removing a first portion of the penetrable film encapsulant layer to expose the first interconnect structure
while leaving a second portion of the penetrable film encapsulant layer around the semiconductor die and
first interconnect structure. 9. The method of claim 8, wherein the penetrable film encapsulant layer
includes a base layer, first adhesive layer, and second adhesive layer. 10. The method of claim 8, further
including forming a conductive layer over the second portion of the penetrable film encapsulant layer

electricalljPdorécted tolthe fitSSHtePCanIect Sttustute 11 Phe RiEtR6d bf &faim 8l fGither including
forming ai secongkintescannect strugture over-thessarmicagduator dievand seconedipeytioref the penetrable

film encapsulant layer. 12. The method of claim 8, further including: stacking a plurality of semiconductor
devmes;gﬁatlng, 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
be compression bonded to conductive layer 162. Bumps 166
represent one type of interconnect structure that can be formed
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.
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electrically connecting the stacked semiconductor devices through the first interconnect structure and
second interconnect structure. 13. A method of making a semiconductor device, comprising: providing a
carrier; forming a first interconnect structure over the carrier; disposing a semiconductor die over the
carrier; providing a penetrable film encapsulant layer; pressing the penetrable film encapsulant layer
over the semiconductor die and first interconnect structure to embed the semiconductor die and first

interconnett SfructEReWithm the Fenbfréble firterCapsiiant Tajetde FerbVvirt'a fitst ot it bf the
penetrablesfiim epgapsiiant layes o exposethe first inereaanechstustiure while leawingausesand portion

of the penetrable film encapsulant layer around the semiconductor die and first interconnect structure;
removin Sar ?aﬁa 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
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 for vertical electrical interconnect to
adjacent Fo-WLCSP 170.

FIG. 9 shows an embodiment of WLCSP 180, similar to

-19-—



forming a second interconnect structure over the semiconductor die and second portion of the penetrable
film encapsulant layer. 14. The method of claim 13, wherein the penetrable film encapsulant layer
includes a base layer, first adhesive layer, and second adhesive layer. 15. The method of claim 13,
further including curing the penetrable film encapsulant layer. 16. The method of claim 13, further
including formir;% a conductive layer over the second portion of the penetrable film encapsulant layer

electricalfy’Connectet-tothBHFESnte? Corfrdct & ffubturé 017 2 Fhe Ristod of clairh 43¢ dher&iAdhe first
interconnegt stiueture inghlesumps, eeeanductive pilars.4 28 The meatBod ofiglaimdl 3, further

including: | , , .
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.

-20-



stacking a plurality of semiconductor devices; and electrically connecting the stacked semiconductor
devices through the first and second interconnect structures. 19. The method of claim 13, further
including forming bumps over contact pads on the semiconductor die prior to disposing the semiconductor
die over the carrier. 20. A method of making a semiconductor device, comprising: providing a temporary
carrier; forming a plurality of first bumps over the temporary carrier; disposing a semiconductor die
over the temporary carrier between the first bump%}almﬁroviding a penetrable film encapsulant layer
includingvabase kayen, firsicagthesive layer, and second adhesive layer; pressing the penetrable film
encapsulant layer over the semiconductor die and first bumps to embed the semiconductor die and first
bumps within the first and second adhesive layers;

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

providing a penetrable film encapsulant layer;

pressing the penetrable film encapsulant layer over a
semiconductor die and first interconnect structure to embed the
semiconductor die and first interconnect structure within the
penetrable film encapsulant layer; and

removing a first portion of the penetrable film encapsulant
layer to expose the first interconnect structure while leaving a
second portion of the penetrable film encapsulant layer around

the semiconductor die and first interconnect structure.

2. The method of claim 1, further including forming a second
interconnect structure over the semiconductor die and second

portion of the penetrable film encapsulant layer.

3. The method of claim 1, wherein the penetrable film
encapsulant layer includes a base layer, first adhesive layer,

and second adhesive layer.

4. The method of claim 1, further including curing the

penetrable film encapsulant layer.

5. The method of claim 1, further including forming a
conductive layer over the second portion of the penetrable film
encapsulant layer electrically connected to the first

interconnect structure.
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curing the penetrable film encapsulant layer; separating the first adhesive layer and second adhesive
layer to remove the base layer and first adhesive layer and leave the second adhesive layer around the
semiconductor die and first bumps; removing the temporary carrier; and forming an interconnect
structure over the semiconductor die and second adhesive layer. 21. The method of claim 20, wherein
the first bumps extend above the second adhesive layer. 22. The method of claim 20, further including

forming & pluralty*8f 8&oHFbthps b¥érthk interesrmatt Stitictute S 23 hEhEtRBE OF claim 20, wherein
the seconrd adhesive layer is:eeplaBamwith the semiconductorglie.1ars .

7. The method of claim 1, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices

through the first interconnect structure.

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

providing a penetrable film encapsulant layer;

pressing the penetrable film encapsulant layer over a
semiconductor die and first interconnect structure to embed the
semiconductor die and first interconnect structure within the
penetrable film encapsulant layer while leaving a surface of the
semiconductor die exposed; and

removing a first portion of the penetrable film encapsulant
layer to expose the first interconnect structure while leaving a
second portion of the penetrable film encapsulant layer around

the semiconductor die and first interconnect structure.

9. The method of claim 8, wherein the penetrable film
encapsulant layer includes a base layer, first adhesive layer,

and second adhesive layer.

10. The method of claim 8, further including forming a
conductive layer over the second portion of the penetrable film
encapsulant layer electrically connected to the first

interconnect structure.

11. The method of claim 8, further including forming a second

interconnect structure over the semiconductor die and second
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24. The method of claim 20, further including forming a conductive layer over the second adhesive layer
electrically connected to the first bumps. 25. The method of claim 20, further including: stacking a
plurality of semiconductor devices; and electrically connecting the stacked semiconductor devices through
the first bumps and interconnect structure.

portion of the penetrable film encapsulant layer.

12. The method of claim 8, further including:
stacking a plurality of semiconductor devices; and

electrically connecting the stacked semiconductor devices
through the first interconnect structure and second interconnect

structure.

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

providing a carrier;

forming a first interconnect structure over the carrier;

disposing a semiconductor die over the carrier;

providing a penetrable film encapsulant layer;

pressing the penetrable film encapsulant layer over the
semiconductor die and first interconnect structure to embed the
semiconductor die and first interconnect structure within the
penetrable film encapsulant layer;

removing a first portion of the penetrable film encapsulant
layer to expose the first interconnect structure while leaving a
second portion of the penetrable film encapsulant layer around
the semiconductor die and first interconnect structure;

removing the carrier; and

forming a second interconnect structure over the
semiconductor die and second portion of the penetrable film

encapsulant layer.
14. The method of claim 13, wherein the penetrable film

encapsulant layer includes a base layer, first adhesive layer,

and second adhesive layer.
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15. The method of claim 13, further including curing the

penetrable film encapsulant layer.

16. The method of claim 13, further including forming a
conductive layer over the second portion of the penetrable film
encapsulant layer electrically connected to the first

interconnect structure.

17. The method of claim 13, wherein the first interconnect

structure includes bumps or conductive pillars.

18. The method of claim 13, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices

through the first and second interconnect structures.

19. The method of claim 13, further including forming bumps
over contact pads on the semiconductor die prior to disposing

the semiconductor die over the carrier.

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

providing a temporary carrier;

forming a plurality of first bumps over the temporary
carrier;

disposing a semiconductor die over the temporary carrier
between the first bumps;

providing a penetrable film encapsulant layer including a
base layer, first adhesive layer, and second adhesive layer;

pressing the penetrable film encapsulant layer over the
semiconductor die and first bumps to embed the semiconductor die

and first bumps within the first and second adhesive layers;
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curing the penetrable film encapsulant layer;

separating the first adhesive layer and second adhesive
layer to remove the base layer and first adhesive layer and
leave the second adhesive layer around the semiconductor die and
first bumps;

removing the temporary carrier; and

forming an interconnect structure over the semiconductor

die and second adhesive layer.

21. The method of claim 20, wherein the first bumps extend

above the second adhesive layer.

22. The method of claim 20, further including forming a

plurality of second bumps over the interconnect structure.

23. The method of claim 20, wherein the second adhesive layer

is coplanar with the semiconductor die.

24. The method of claim 20, further including forming a
conductive layer over the second adhesive layer electrically

connected to the first bumps.

25. The method of claim 20, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices

through the first bumps and interconnect structure.
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