SEMICONDUCTOR DEVICE AND METHOD OF FORMING RECONSTITUTED WAFER WITH LARGER
CARRIER TO ACHIEVE MORE EWLB PACKAGES PER WAFER WITH ENCAPSULANT DEPOSITED
UNDER TEMPERATURE AND PRESSURE 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 reconstituted semiconductor wafer with a larger carrier to achieve more eWLB égackages per

wafer with &ff EhEIPHerffe USROG iR «efip el pYes St MR artR 0t i &Avehtion

TH LARGER CARRIER TO ACHIEVE MORE EWLB PACKAGES PER WAFER
WITH ENCAPSULANT DEPOSITED UNDER TEMPERATURE AND PRESSURE

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 reconstituted semiconductor wafer
with a larger carrier to achieve more eWLB packages per wafer

with an encapsulant deposited under temperature and pressure.
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-



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 YBMiESh AR FeticesTRELde ShitRdcortrbliérs, Microptacdsabrd tRharjatt “¢sipled devices
(CODs), selar gelis, amdodigital micro-mirror devices (DMDs). Semiconductor devices perform a
wide range of functions such as signal processing, high-sgpeed calculations, transmitting and receiving

electromagnetic signals SEorBIMY ERErOfiE devitdRS rARSBrRing SinigATE elREtricity, and creating
visual prajeetionsdor televisioadisplays: Semiconduatot fdevices amtatndda the fieldswaf entertainment,

communications,£ovv,er conv%rsion, networks, ;\%m uters, and ¢consumer products. Semll onductor
devices are HIsd fountIf miittary ShpiicatidAs Caniatior AHomotive, SRAISHISY contfoiErs. ahdbffice
equipmeetl ect r on Semieenducior devicestexplait theselettrigat propesties-afrsemicpnductar materials.

The atomic gtr%cture of semiconductor materlalfallovvts |£s %Iectrl(gzgl (é(}ndLﬁ_CtIVIty to be manipulated by the

applicatiocnrofa1 an efectricfisld of base %E%r%rﬁtc’ or t%rrougeh ?helﬁr%)cess of 80&%8.’ Doping introduces
impurities #mta thensSemicondadetor cratedaktiomanipulate ahd controbthecdoneluctivityadfrthersemiconductor

device. com uAiscenallcongluctor d%lcf?‘ gggt@q}gﬁ 8%t|ven%r%% pagsive electnccael gtsruct%%[s. Active

structures, including Ip8|?il’ and teld effect transistor's, control t & flow of electrical current. By varying
levels of dopingresid applidatios of af @factie fleldtorbatevcurrent athe tralnsistdogitiver jpromotes or

resnkﬁsEﬁ?f%%%?&eﬁﬁg@?kgﬁ?%ﬁs?a§$Y%tion, automotive, industrial

controllers, and office equipment.

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

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

calculations and other useful functions.



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 hun@Feds S8tEpS Frdftlénd tnaftadttnfg VELRB B ARSI oFS pltfality of die
on the surfase frasemicandugtar wafer Eagh seaieenductordie istypicallyidentical and contains
circuits formed by electrically connecting active and passive components. Back-end manufacturing
involves SRGUIGTRG MdiliduaPSémiddnbucor diteRarhahi& fihidhdd \warer and BFatkagiflg the die to provide
structuralsippetrtand envitenirendtal isolatioap$he term rsersicanductor diet @siusedihereinvefers to
both the séq%ﬂﬁr and%plural form of the wards, and a%]c:rdin ly,.can refer to both a single semiconductor

device arf & LEmicorductorueticst ™Y °F O JoaI of Sefidordftictor manufacturing is to

produce smallefosemiconducter devices.csmalerdevicesitypically consumestesspawer, have higher

performance %nd can beCProdu ed. more efficiengl . !,:n addigon, smaller semicquductor devices have a
1dén lCc’:h an con lf’lS ClﬁCU.l g O&m? E% electrica CR{J . .
smaller footprint, which'is desirable for smaller end products. A-smaller semicondtictor die size can be

achieveddynimeprovemeatstinthe front-ead processaresuliagtis senticariduetar die with smaller, higher

density aglive, 20d passiye components. Backiend piogesses may resull 1y semiconducior deyice
packages with a smaller footprint by iImprovements in lectrical interconnection an packaging materials.

A convenﬁ'rowal_§émic©hdm§_ﬂ@€Waﬁ@(ft§picanyic9mama plurality oﬂ’senﬁcomtdrdﬁe s_eparated by a
saw streef, Actiye, ang pQﬁ%‘Eﬁ% £ireditgarg formed 1n g suyface of each, semicandyctor die. An

interconnect structure can be formed over the surface of the semiconductor die. The semiconductor wafer
is singulate@inte imdividbalrsehmiedndactop dié foruse in asv/agiesy ¢lcelbetidnit products A important

aspect of;semicondugtorpapuiactyring izhigh yield and correspagding low,cost. Summary,gf the
Invennona single semiconductor device and multiple semiconductor
devices.

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
die with smaller, higher density active and passive components.
Back—-end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical
interconnection and packaging materials.

A conventional semiconductor wafer typically contains
a plurality of semiconductor die separated by a saw street.
Active and passive circuits are formed in a surface of each
semiconductor die. An interconnect structure can be formed over

the surface of the semiconductor die. The semiconductor wafer



A need exists to efficiently manufacture semiconductor die with an emphasis on high yield and low cost.
Accordingly, in one embodiment, the present invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor wafer including a plurality of semiconductor die formed
within a surface area of the semiconductor wafer, singulating the semiconductor die from the
semiconductor wafer, providing a carrier having a surface area larger than the surface area of the
semicondLﬁ:tSrl\ﬁaféJr,aéﬁdjnfoﬁhgﬁﬂnérﬁﬁégéﬁf deietor ofe e Carte ot fofm e fecbhstituted wafer. A
number of semiegndiicten die fmewnited e frearsier isgreatgydhan acnumperef semiconductor die
singulated from the semiconductor wafer. The method further includes the steps of providing a chase
mold, dispGEhgthE rECSHsttABY WitsH WithiR the chagé Mol AosiRg e thaS® Mbid With thE
semicondugter.die disposed within a cavity of the chase mold, dispersing an encapsulant around the
semiconductor die within the cavity under temperature and pressure, removing the reconstituted wafer
from the chase mold, and forming an interconnect structure over the reconstituted wafer. In
another embodiment, the present inventima isya afethbe of makirtgia@semiconductor device comprising the
steps of providing a plurality of semiconductor die, providing a carrier, mounting the semiconductor die to
the carrier to form a reconstituted wafer, providing a chase mold, disposing the reconstituted wafer within
the chase mold, closing the ehasemotc with thé Semieoriductaradie Badtencapselant disposed within a
cavity of yleecq]astehmg!g, é:lriﬁc@,?gssigg an enca ulagé (rjpuand dthfosmcianggor%ductgrc digrv&ithin ihe cavity under
temperature and pressure, removing the reconstituted wafer from the chase moﬁj, ané?grrf\{i’ng an
interconnect strecterecovienthea recarstityted sgafer. invent dpandther ensiiddiment, the lpresert invention
is a method,of making. a semiconductar device epmprising.the steps-of providing, g semiconductor wafer
including a plurality of semiconductor die formed within a surface area of the semiconductor wafer,
singulatirgpthecserieohductop dierfromahe dentconduttoranafer, providiyia eadier havingi® surface area
larger than, the-surface:arga of the- semiconductos wafer, and-meunting the, semigonductor die to the

carrier to form a reconstituted wafer. A number of semiconductor die mounted to the carrier is greater
than a numberBisenmigondircteCdie Shgiiated T roh thé sSemidorrlueit Warepuctor Ya&pbither

embodiment,.the present invention is asemicandygterdevice made-by,a.preeess garprising the steps of
providing a semiconductor wafer including a plurality of semiconductor die formed within a surface area of
the semicoHdREST \Fafer stigul&fing e setiicBRAGEtor BieFomaRe sertiedndittdtiFafer, providing a

carrier haying aswface areq largecthandhe sprface arep ebthe semiconductor wader, aad mounting the
semiconductor die to the carrier to form a reconstituted wafer. A number of semiconductor die mounted to

the carriét iS gieRtéEr hanSERGMBRABFSSHiCOnBUBRr UiESinglatéth AT the Tertiofid@bfwafer. In
another embediment.dpepreseidavetigis®or die singulated from the

semiconductor wafer. The method further includes the steps of
providing a chase mold, disposing the reconstituted wafer within
the chase mold, closing the chase mold with the semiconductor
die disposed within a cavity of the chase mold, dispersing an
encapsulant around the semiconductor die within the cavity under
temperature and pressure, removing the reconstituted wafer from
the chase mold, and forming an interconnect structure over the
reconstituted wafer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a plurality of semiconductor die, providing a carrier,

mounting the semiconductor die to the carrier to form a



method of making a semiconductor device comprising the steps of providing a semiconductor wafer
including a plurality of semiconductor die formed within a surface area of the semiconductor wafer,
singulating the semiconductor die from the semiconductor wafer, providing a first carrier having a surface
area larger than a surface area of a second carrier, and mounting the semiconductor die to the first carrier
using a set of manufacturing tools to form a reconstituted wafer. A first number of the semiconductor die

mounted 6 & fifst caiTRst i€ §icHter thaf A SedthdPnumBéfofthe deniieSRARktodiEtRat can be

mounted #e the  secand carrigs seallgn thanrthe fisstoasker using the-setafigarufacturingdools. Brief
Description of the Drawings , FIG. 1 illustrates a PCB with different types of packages mounted to
its surfacB®19 WIEhE{dE HEBI HRRHHEUTher QeI TRE PETRSERtALITE SBIT d"ﬂi:fgppréckages
mounteddo therPEB;of the d@se3ardTdl)usiriadée arsemigonductarwater withca phuality ofhe

semiconductqr die separated py a saw streef; .. FIGs. 4a-4o0 illustrate a process of forming a
recolnstit&?%@%%ﬁﬂg&%fc]for%v fe‘ﬁ‘/\ﬁgﬁlél Iatrégr Caiehto Hdieve %eé?téeeWElglﬁp%cﬁgaes per Wflifel’;

pressure, removing the reconstituted wafer from the chase mold,
and forming an interconnect structure over the reconstituted
wafer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer including a plurality of
semiconductor die formed within a surface area of the
semiconductor wafer, singulating the semiconductor die from the
semiconductor wafer, providing a carrier having a surface area
larger than the surface area of the semiconductor wafer, and
mounting the semiconductor die to the carrier to form a
reconstituted wafer. A number of semiconductor die mounted to
the carrier is greater than a number of semiconductor die
singulated from the semiconductor wafer.

In another embodiment, the present invention is a
semiconductor device made by a process comprising the steps of
providing a semiconductor wafer including a plurality of
semiconductor die formed within a surface area of the
semiconductor wafer, singulating the semiconductor die from the
semiconductor wafer, providing a carrier having a surface area
larger than the surface area of the semiconductor wafer, and
mounting the semiconductor die to the carrier to form a
reconstituted wafer. A number of semiconductor die mounted to
the carrier is greater than a number of semiconductor die
singulated from the semiconductor wafer.

In another embodiment, the present invention is a



FIG. 5 illustrates the eWLB package with an encapsulant deposited under temperature and pressure;
FIG. 6 illustrates the eWLB package with an encapsulant disposed over a back surface of the
semiconductor die; FIG. 7 illustrates electrical and mechanical testing of the semiconductor
wafer to establish KGD status; and FIG. 8 illustrates reliability testing of the semiconductor wafer
to establish KGD status. Detailed Description of the Drawings The present invention is described

in one orMGrEEmBEdMTENtS th theSToNOWRI ESrpticf WithSeftBREE fo-ié fidiffes SRRMIET like
numeralsieprasent dhe same of sialat elements While thesinvgntion is described dit 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 16 BOVEF AEFAAGVES, inddifichtion¥ Lahd Bqivaltnts &8 nidy e fciddsd within the spirit and
scope of hentnvention: as tlefined by the appeaded glatms angrtheis efutvaients as stipparted dy the

following disclosure and drawings, di £ i i
, providing a first carrier having a surface
area larger than a surface area of a second carrier, and
mounting the semiconductor die to the first carrier using a set
of manufacturing tools to form a reconstituted wafer. A first
number of the semiconductor die mounted to the first carrier is
greater than a second number of the semiconductor die that can

be mounted to the second carrier smaller than the first carrier

using the set of manufacturing tools.
Brief Description of the Drawings

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

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

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by a saw street;

FIGs. 4a-40 illustrate a process of forming a
reconstituted semiconductor wafer with a larger carrier to
achieve more eWLB packages per wafer;

FIG. 5 illustrates the eWLB package with an
encapsulant deposited under temperature and pressure;

FIG. 6 illustrates the eWLB package with an
encapsulant disposed over a back surface of the semiconductor
die;

FIG. 7 illustrates electrical and mechanical testing

of the semiconductor wafer to establish KGD status; and



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. PassiviEeelebtrichl BorhpBRERtsT Sdcias Lapicitdis ihadctdts, rBSistors, and
transformess,icreate a relatignship bebveen voltageand sugent-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 introdubes &1 pedieseistar-iietiesnicosdueior Dysdarialdy 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 thieessemieendictonmaterial conductivityin isespansedoancelecisicdield or base
current. Transistors contain regions.of varying ypes and degrees, of doning arranged as negessary to
enable the traisistor to promote or restric theflow of elettrical curren upon the application of the electric
field or bdseyoureent. in whi Alctive hadpassive compaonentsale fonmeddmnelayerssaimaterials with
different electrical propepties; Theilayers ean e formed py.a variety of deposition technigups determined
in part by the type of materia %elng deposited. For exampﬁe, thin ilm (feposmon can involve chemical

vapor depeositiorf (J@V@é_t,hptwsi(faﬂi vaper depwhmmpleﬁ@n@y{_mlaﬂrtg ,vejnhlelbctrol_ess plating
processes, Fach layer is generally patigmed t foym portions of,active COMPONENLS, passive components,

or electrical connections bétween components. The layers can be patterned using
photolithegraphy adiehimolvess thengepositiontafdight sensitiealmaterdsing ). ashatenesizt, over the layer

to be pattgined, £ pajiernyisfransierced from a photomask (odhepholoresist usinglightdp oneq

embodiment, the portion of the photoresist pattern subjected to light is removed using a solvent, exposing

portions &fthelihderirigdaferctdbdapattethed Niian RS &mbeaintet Sthelpstaisk of tHe plhdtdresist

pattern net,subjegted ta light, the pegative phatgresist, 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. Alternafiiehs S fyple s Bt matdfak e Faekrdd by BitBEthAdépasitng thematerial
into the areas ebxgids formed: by adirevioysslepesitiop/etchy pracess Msingstechnigues sHgh aselectroless

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

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and

planarization. Doping introduces impurities into the



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 waferPGiHritPpOIRRIY. THE ComBihed mésHHical 3ttor bf the?SbraSive aiu EoHGSive Bctidn of the
chemicalugmayes anydiregulantopograpkys pesiting ira siniferaly flaé suHaee.e 1 e ct r iBack-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for SHURErANSUpportart BivifSHMETAF isBRtIGh 1T sigufats tRE semicsHductor die, the wafer is
scored and brokesralong nonupetionad regions of therwafes called sawrstreets:0eseribes. The wafer is
singulated using a laser cutting tool or saw blade. After singulation, the individual semiconductor die are
mounted T8 X PAckaGe SChsiAtthAEMIHes HIRS OF Eomtict FAAS for THEFoHeRdGT Wit other system
componemts:dCantactipadsiformedves the:semicoaductor tie dresthen©onneeteddarcontact pads within
the pack%g:ear;l'hes%lggtgicalo%ocnaner(l:tiggs can Sl?eorPad% %/vithnsoIQer t()eumg%, dstg% bgméoss, ch)nductive paste,
or wirebonds. An encapsulant Sr other ﬁ%o(fdlng matenialis d%po%ﬁe& over the pac age?o provide physical
support ahekelegtriealrisolation 2ZFhe finished package isathen inserted-imte an edectticalsystent cand the
functionality of the semiconductar device is;made available 1o the other system components., FIG.
L lustares GO douiis SN 2 S e b Iaies: pAEva] G B (BCBS2 with a
plurality offsephieorductorpackagesdnounted o itssurfade: Electronic device 50 can have one type of
semiconductor packagg,.ot puiltiple, types. of semigonductar packages depending og the application. The
different types of semiconductor packages are shown in FIG. 1 for purpose of illustration.
Electroni®@egicebscan bé adstang-adorie systemthapdsesthiessdmiesnducibepackagies teé perform one

or more electical upctigns, Alernalively, electionic device S04anhe,8 subgoTPRRERLON, arger system.

For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video camerd (DVC), 1t dth@celeétraimie ebimruiiBatich deVee AkstnatiVely, l8eférie deviee's0 can be

a graphicscard Jaswork ntarface, cand, 91 othersignal processing card shatcanbe gerted into a
computer. The semiconductor package can Include microprocessors, memories, application specific
integrateBeiretits (ASIY CloghEaIRTIS L aRal 6§ it tuits FIc Biredits: Hisdrétetdevices2 B other

semiconductendig 1k elegirical componsats; Migiaturizationmandweight seductionare essential for these
products to be accepted by the market. The distance between semiconductor devices must be decreased
toachbv@qﬁéﬁgqﬁ%sﬁ9_form portions of active components, passive

components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light. In
one embodiment, the portion of the photoresist pattern subjected
to light is removed using a solvent, exposing portions of the
underlying layer to be patterned. 1In another embodiment, the
portion of the photoresist pattern not subjected to light, the
negative photoresist, 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



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

also provif®power-ard GrsuPESinkttions 1 e 58T of fifieSerficol@d&tdr pAEREIEs®Y 2 In some
embodiments; Bosemigepductor dayise hasgwepackaginglgvels chirstdevel pagkagiag is a technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packaginG ifvdives figthanitafly Shd efdctficdilyFattichity the intermediate carrier to the PCB. In other
embodiments, a semicoeguciot device may: anly Hiavedhe fisstdevel paskagingwhete dhe die is
mechanicallf_}/ and electric%lé/amounted dir%ctly too{he CB. For thecgur ose of illustration, several

types of fitet eVl padkAgiit HTTddinG bond Wirs' packade’s6 ahd fifd'chip 58, até SRown BHPCB 52.
Additionally i sexeraktypes of seednd-level packaging; icluding bal gritlaareayi BGAY6Q rlawmp chip
carrier (BCC) 62, dual in-line package (DIP), 64, land grid array (LGA) 66, mylti-chip module (MCM) 68,
quad ot orRaed PATAT (SN 70 a T e ot B ae 3. H1E cABnE AR on PCB 82,
Dependingupom the: systemlregairémenis; anyaonmnaticruoftsemieondactos packagest configured with
any combipation of first and second level packaging styles, as well.as other glectronic components, can
bo conneEic) T BCE s 10 s G te o Ao era] el e o e At hed
semicondulctorpackageowhile othereempodimenis calt-for nswltipledrterdoriiectecth packageshBy
combining one.or;more, semicondugior pagkages,aver.a.single substrate, manufactyers car incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sephisticated flusctiomafigs eleefrohltadevides cahvbe Mamdadteired dsing Bheaper components

amjaSU@%%%@%%@“H&@%%H@@%P“%@??olh%f 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 semiconductor 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 semiconductor 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



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 lllustrates 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 3R cieGit ERAGHCIGEE bhsor HhoreFarfSto FO eSO ndiietors ScapadiB e resistors, and

other circaitelements fosmedwithimthe activiesregiamelsamicenductor die 74. Contact pads 76 are one
or more layers of conductive material, such as aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au),

or silver (Ag), and are EIEGtrichlly LORREEE TS the Girdditaimenty formed witti Sahiordtidtor die 74.
During assemtily of £IB 64 semicanduictiordiel 74is srounted ta-an intesnediatescanries 78 using a
gold-silicon eutectic layer or adhesive material such as thermal epgxy or epoxy resin. The package body
Includes Bn'{Asuiative Bgcfa%gc%%g&?é%ﬁcﬁ%g siyinel'SHEeamie 'canductsr1edas 8o and bond
wires 82 piauider electricadintercobnectbetiveen semicanguctorrdiechdianach BCHB:-52. bacapsugnt 84 is

deposited over q;gpalcé(age for e%\grogé?n%néglrlgjrgtecctlon b C|7c[)(revent|n moisture an% Rart,é:les from

entering fhe énélc ab% and 8]60n?§m|natlng semiconductor die 749 bond wires 8279 1G. 2b
lllustrates: firthier aletaihof BCT<621mbiiatethon PGB 52 oSemicontuctor die 88is micunted tocearrier 90

using an uggerfill or %pf)&(y-r?sip adhesive material 9%lBored Wtires 94 provide first level packaging
Interconnect between contact paij s 96 and 59% R/folding%%rﬁpaouln%ndr encapsulant 100 is deposited over
semiconductor die 88 &ld¢:bomnd wiresBAtogsrovideqphysizal 2 stand-alone system that

uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
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. Miniaturization and
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.
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support and electrical isolation for the device. Contact pads 102 are formed over a surface of PCB 52
using a suitable metal deposition process such as electrolytic plating or electroless plating to prevent
oxidation. Contact pads 102 are electrically connected to one or more conductive signal traces 54 in PCB
52. Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style

first levelheERaging” Acive regidh 208 G sbificdhdiictdr dié 58 CoRtaiRs aRalsy orifigital ircuits

implementedasactivedeyices: passive deviseskeonuhictive layess, anshgislesticlaygrssformed
according to the electrical design of the die. For example, the circuit can include one or more transistors,

diodes, iTdUtTdrsSE&5aditors, TESisMhs SR Oiker titcuit Sefisiits Withn S8tV FRgisH 1887 ST
Semiconductor dieddliselecikically-ard mechasically conee@eﬁ_li@@ﬁmﬁftl@ﬁ thsougivluwmps 110.

BGA 60 is electrically and mechanicglly connected to PCB, 52 w%}h a BGA st%/ qﬂond level packaging

le se
using bumps 112. SemiSoridtiktordie 58 8 eldctrically CohhectEd 1o ‘CondUEive Sighartradss 54 in PCB
52 througlebumpsid 0] signaklines s tantbumpe 44 R aA imolding compatind guendapsulant 116 is
depositegng\é%r semic]c_)Elductor diel%8 9”9 caﬂgr 106 to rovidet%hé/sical supp%{t an eledc.tric | isolation

for the device. lecf‘ﬁp c%ipaéléjmfeconaugto(r:‘aev%eaptr(%\% s ashort eléctrical conduction p}fh rom the

active dewicesonesemidcondectordieis8 to corrduetion tracks opaREBHin ardeptovresiuce signal

propagation qli%tancglli)wer cgpagLita ce, an i’mpr%\]/te oYle.raII cir%uit Qergorman e, 1I:n anather
embodim%%(t:,t e semiconductor die 58 can be mec aﬁﬁ:aﬁ)I/1 %na electrical ymceonlnaecteedC &Fé:cltﬁ/ﬁo PCB 52

using fliptchip: stylefidst Ievé_hpa@ks@lin@mﬂtthddtmﬁtetrmedmte@amtor deﬂ@?sm@hov_vs a
semicondyeley waleL 120.vith a basesybstrale aterial 192, such.as sifean. germanium, gallium

arsenide, indium phosphide, or silicon carbide, for s ural support. A plurality of semiconductor die or
componengs 124 iscfokmedaorrwafes A20isephlatethynd asn<bictios fikteridie WedePa2a or saw street 126

as described above. Saw,street 126 pravides eutfing areas {q singulate semjcanductor wafer 120 into
FIG i i

individual semiconductor die 124. . . 3b shows a cross-sectional view of a portion of
semiconduciSrwary 420PEatR Sehficondietordie 128 a'back BarfdcsI £28 andnttivé Sarface 130

containing;analegor digitalgiespits implerented asactive deyices, passive ggyices,andygtive layers,
and dielectric layers formed within the die and electrically interconnected according to the electrical
design arf fiftittioh DY tHe BRCKF éREmple! tHe Eikedit Ry indltde oﬁéliﬁyndl%%gné&ors@&%ﬁes, and

other circuitglernentsiformed withing active,surface 136, to implement analeg circuits o digital gircuits,
such as digital signal processor (DSP), ASIC, memory, or other signal processing circuit. Semiconductor

%), AS
die 124 mMay abo Cortdin fftegfatéd hastive dBVERSUPBEMSulY as hititidrsa Eapatiors Atfifresistors,
for RF signal precessingy in one embodiment, semiceaduciordie] 24isa ipchip typerdevicesn

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. In 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
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A support carrier or laminated dicing tape 134 is applied to back surface 128 of semiconductor wafer 120.
Laminated dicing tape 134 provides support for semiconductor wafer 120 during subsequent
manufacturing steps and singulation into individual semiconductor die 124. 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 AT SCd "SANL AU BYS of bfhet Stiftadieiiectritaly donduthive htéris=BonaudiveRyer 132

operatesrasrordact pagselectiicalypcannestadipsthe ciretlits on active suefage 130. Contact pads 132
can be disposed side-:%/i[-side a first distance from the edge of semiconductor die 124, as shown in FIG.

3b. Alternatively, contact Pads 432 CanBE8fSet AR APle T6WS SORH A fildE F&W BF Eontact pads is
disposedra first distancesfsemdbe edgeraftibe digs endla secancbrosvohenntaetpads atggnatng with the
first row is disposeg a secon%distfwce fro E%he edge of the die. . In FItG. 3¢, semiconductor wafer
120 is sirguidted hiotghsaw Street 126°0siRG 2 Sh Biade"Sr IASSH QTS ot 136 1o Rdivifial
semiconductaridie tl24. tamindtion dicingdape 134 is semovead.e devide&s. daskai Mastrate, in relation
to FIGs. 1 and 2a-2c, a E@)cgg? o(g folrmin a reg%%stgtitgg semicontiuctor v&l)/atfer with 1 a qualrgﬁri (rzlarrier to

. evl cCO u V. (S) CLL1C r rme
achieve more EWL'B packages per wafer with an encapsu%n% deposited Undertemperature and pressure.

FIG. 4a stiowsda teraporasy sulssteate 0f calrier 1ddtcontanimgcsactifieat base matépalsueh as silicon,

polymer, benylium, exide, glass, or ether suitable loygost, rigid materigl forsyetral sypport
Alternatively, carrier 140 can be metal, suc as'nicke?, platlnur}r)\, copper, copper ajlloys ?mcluding one or
more elemenisidenickel, ivonxine, ting ehromiuny, silver @hdphospAordusy sor atheesuitable rigid

material for structiyal support, Carrer 140 .¢an be cirgular regtangular, ot gther shape, af farm factor with

diameters or widths in the range of 100-550 millimeters (mm). In one embodiment, carrier 140 is circular
with a digraetep of 550 semiApNAtetfaee layer 74. Contact pads 76 are one or more

layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and bond wires 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating semiconductor die 74 or bond wires 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted to carrier 90 using
an underfill or epoxy-resin adhesive material 92. Bond wires 94
provide first level packaging interconnect between contact pads
96 and 98. Molding compound or encapsulant 100 is deposited

over semiconductor die 88 and bond wires 94 to provide physical
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or double-sided tape 142 is formed over carrier 140 as a temporary adhesive bonding film, etch-stop
layer, or release Layer. Carrier 140 has a larger diameter and surface area as compared to the
diameter and surface area of semiconductor wafer 120. In one embodiment, carrier 140 has a surface
area that is 10-50% greater than the surface area of semiconductor wafer 120. If semiconductor wafer
120 has a diameter of 300 mm, then carrier 140 is made with a diameter of 310-350 mm. In other cases,

if semicoRHBEBF Wafél L 2D RES & Hidmetet Of 156 PhmT tHen-E4rieR 146 fs made™wittt & drdifiéter of 180
mm, giving)a 44%e incseaseiinsswtace arears semigonduetarawafer 440 hasa diapietenef:200 mm, then
carrier 140 is made with a diameter of 240 mm,_giving a 44% increase in surface area. If semiconductor
wafer 126 PR T didft & S4B mit tHe A Rafrier 1405S Widde Rith & @idnidte S E50°MNT Hiving a 49%
increase jyl strface aaprevent IR kG4, semicorduciordieal?4 from FIGs. 3a<3etis positioned over
and mounted to carrier 140 using a pick and EF‘I}%CG operation with_active surfaﬁg 130 orient%%toward the
carrier. FIG A€ SH6\Ws S8micbnduictShdi& 152" MEGtad To ThfHst 14074 et onstittited SEmitonductor
wafer 148umps 103emicontuctosdied24 can becan knowngood setnicanductordiedKED), i.e.
semiconductor die that have been f jonally and reliability tested, inspected, passed, and known to be
capable ot ﬁ%@gggﬁgfgttr@u eg%r?g%gpe%rgtional states once a power supply potential is applied. The
KGD testing includes confiff&tiort of, fuspetidral raperation, A ahd DG parameters, tempedature cycling,

burn-in aualficafians Jeliahilly testing, envgnmental festing, visugland aylomatedinspectipn.
mechanlceﬁ testlng, interconnect speufi:catlons, and other levels Ofl(ajuaﬁlt assurance to comply with
design spexifications.. Thé KGD testinglidentifies defectiveisemiconductordie fof removalfrom the

manufactiifing progessprarte higher level assgmply, &.9.. sepiconductor nackagesand PCBs. The KGD

increase manufacturing yield and reduce costs.
passive devices, conductive layers, and dielectric layers formed

according to the electrical design of the die. For example, the
circuit can include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 1is 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
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The reconstituted semiconductor wafer 146 has a diameter and surface area larger than the diameter and
surface area of semiconductor wafer 120. In one embodiment, reconstituted semiconductor wafer 146
has a surface area that is 10-50% greater than the surface area of semiconductor wafer 120. The larger
surface area of carrier 140 and reconstituted semiconductor wafer 146 accommodates more
semiconductor die 124 and lowers manufacturing cost as more semiconductor die 124 are processed per
reconstitdtel SeRTiedAdctePRAfT “THE Aumber of semiconductor die 124 mounted to carrier 140 is

greater than the numberref semaicenducior dieck24-singulated-framrsamicondyctonwafesl20. In one
embodiment, the number of semiconductor die 124 mounted to carrier 140 is 10-50% more than the

number 6 ¥eiicANTudGGE 124 sifgulafEdTrom SemicdidittoARaRF 120" FoP 8xarhpie, the number of
semiconduciendied 24imetnteddbcapmardk40 isrl(s20%cmare thanithe numakersafsemicerductor die 124
singulated from semicgonductor wafer 120. . __Alternatively, the number of semicong ctor die 124
mounted 18 QAier 140105860 thre thar e AT of seltiGortiuctsr 81 124 that dould be mounted
to a smallereasrie o4 8y asshowainskelta At dcasgeral 48 has atdiameterrof S00dnm, whaereearrier 140 is
made with gegia(rjnet%%of %Jgofgg% mm In othg(reg%%e%éfdcar i%r %48 hgg a dsi rpgéecr olf 0 mm, then
carrier 140 is made with & diameter 0151§'0°’ mm, glvrhg a 44% ihcreasein sUIface area. If carrier 148 has a
diameterof 200dam, thertéargier 140 3s madeiwitiu adiameten of 24Qunine givieg a 4498 Increése in
surface area..If carrier 148 has a diameter qf.45 , then carrier 140 is made with a diameter of 550
mm, givinlgnéldfé%’% rtl‘jc{regsgelgn ﬁncglﬂgélc%tgr]éa.gﬁneoghgé?:ases, the number of semiconductor die 124
mounted to carrier 1405i§ A 00% op greateemore transthe iumiser of isemicdnduatordiedr24othat could be
mounted o a.smaller cader, The larges numbet of semiconductar die 124 age mounted tq larger carrier
140 with the same set of manufacturing and processing tools as used for a smaller carrier 148. The larger
carrier 140 ncpessesdRannfacisingthrcughbacand dehieves allowed costperdumrwitislitretooling or
other procese.aialiofy, 1 ementl. ¢ shows 2.chiisemold 190 1ayipg anaRerdyold support 152 and

lower mold support 154. Upper mold support 152 has a cavity 156 for containing semiconductor die 124

and encapRURAE bi Hiolding Tofmpatitdl. ERer Aidld SupPart 152 TRenass digkirlitytofsming-loaded lifter

pins 158.,Hhe reconstituted semiconductor yafer 146 isplaged gverlower mald supped 154 with the
surface of carrier 140, opposite semiconductor die 124, contacting spring-loaded lifter pins 158. The

spring-lodd&d ffferpifs 188Gy AGRIaxEd GrhohiCompressed $8ate Hraintdi® aSepardtionsy distance D

between cawierd40and surface-16Q oflowesnagld supperdsA. imane embodiment; the separation
distance D is 0.5 mm to avoid initial heat transfer to reconstituted semiconductor wafer 146. In

FIG. 4f, £Y6TARSE dritapstiait brrfoldiAg t8mMpdthda®2 is Hepbsited BYErSathicdRad&®r die 124 and
Interface dayerldZsofarderyi4Qs Encapsulant 162 €an hesa polymericompesite paterial ssieh as epoxy
resin with filler, epoxy acrylate with filler, or polymer with ﬁroper filler. The volume of encapsulant 162 is
measured A3cordi {0 the $SpaeE reqlireMERTE of ety 1561185S fiie &réaoccupied by semiconductor die
124. In oseremhodiment thel velunii ohercapssitant d624anges betyeaen-20256 gramms for a carrier
mamemwégéggégn%IPDs), such as inductors, capacitors, and resistors,

for RF signal processing. In one embodiment, semiconductor die

124 is a flip chip type device.

A support carrier or laminated dicing tape 134 is

applied to back surface 128 of semiconductor wafer 120.

Laminated dicing tape 134 provides support for semiconductor

wafer 120 during subsequent manufacturing steps and singulation

into individual semiconductor die 124.

An electrically conductive layer 132 is formed over

active surface 130 using PVD, CVD, electrolytic plating,
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The upper mold support 152 and lower mold support 154 are brought together under pressure with force
F to close chase mold 150 with semiconductor die 124 and encapsulant 162 disposed within cavity 156,
as shown in FIG. 4g. As Interface layer 142 contacts surface 164 of upper mold support 152,
spring-loaded lifter pins 158 begin to compress. The movement of lower mold support 154 towards upper
mold support 152 continues until opposing surfaces of Interface layer 142 and carrier 140 contact surface

160 of loWer ol $GiSorP 184 Hhd KBB4 SFugPet thold 'StippBrta 52 Splingd64ded fiftdt pins 158

are fully gorppeessed undgractampingdfoese R 9f50-H500kilooNewtans (kN betweens uppernmpld support
152 and lower mold support 154. Heat is transferred through upper mold support 152 and lower
mold suppBrt T8 to' Brind Ercdpsuldit 182116 ViBddiid X tate” JEGn%gﬁizﬁI%H Y65 7'EVEHiy dfspersed and
uniformlyr@disksibuted. undeyan.elevateditemperateire witbireeavityslbe-anoundsepreenductor die 124. In

one embodiment, the_moldin temc:)e?[ﬁture rag%es from 80-150C with a molding time rc1)1{§§0-1000
seconds STHe totding ﬁrecfjgﬁﬁﬁe hitite FangeS frSm 100 1808 ittt & MSIdihg cLtS Time of 20-120
minutes. Jbetenperattre and pressuse withirpehase moltb 159 pravidesa plarar eficapsuwlant coverage
with less warpage. The.thickness of encapsulant 162 remajns uniform, e.g. less n 5% deviation,
e e B B R R I e from 15, 4d.
chase maldtlerOnzasiar Uppercmotthsupportit72 ahddewebmotd Support b 74vas showen okFEG. 4h. Upper
mold support 172hh sa p%urali of inlets 176 into cavity 178 for containin emitf?ond ctor die 124 and

H 't
encapsulgﬁtcor r%m‘lﬁné;al cor%rb%%naéﬁiov?/er %%?&S&gpﬁ%‘%% ?’nsclljg) esspélj %%Cr?al?ty ojfjéf)%ng-loaded lifter pins

180. Thedec@@stnmeﬁrsemicwmamaﬁ‘eru% islpek_ace@lrmi/eat I@ﬁe:rom@ldrwppm_‘rt i;mmmtthe_ lower
surface of caurier 140 contacting spring:loaded liter ping 180. The spring-lgaded lifter pins 180 in a

relaxed or non-compressed state maintain a separation by distance D between carrier 140 and surface
182 of lower iwld suppem 1 7acincshieeembotingesti the separation distance D is 0.5 mm to avoid initial

heat transfer to reconstifuted semiconductor Wafgrn 46, warer'N®HPREr MOld sURRQLL172 and lower

mold support 174 are brought together under pressure with force F, as shown in'FIG. 4i, to close chase
mold 170°WwitR $emicatidueicraié 124 disposed witHin €abibp 428 OAs Iméface 1dyer 142 edftacts surface

184 of uppes mold suppart1¥ 2, sering-oadeddifier pins;180 begin tocompress.cthesmoygment of lower
mold support 174 towards upper mold support 172 continues until opposing surfaces of interface layer

142 and carfrier 146 cbhtdct8aiface 182 of Lower mold support 174 and surface 184 of upper mold

support 172. Spring-loaded lifterping 180 are full-compressed ypdeha clamping forcedr of 58-500 kN
between upper mold support 172 and Lower mold support 174. A volume of encapsulant or

molding compGuitf 286 Finfdctd® FBAT dispenSsrorEa-dridkrSsh SRVt teHfperatutd 5Rd pressure
through inlet A76a infe gavity 478 and aver semicardustordied2d andbntestacedayertdz ef carrier 140.
Inlet 176b can be exhaust port for excess encapsulant 186. Encapsulant 186 can be a polymer composite

material, ShER a8 bpoXy FRSIAVHH filfsrP a5k Aoy iate WithSiRF ‘6 Polymer Witk préisetfier. The volume
of encapsulant 136 isnoeasuretageording ta thesspacereguiremnenisof ganitydi8less theyarea

sacrificial base material such as silicon, polymer, beryllium
oxide, glass, or other suitable low-cost, rigid material for
structural support. Alternatively, carrier 140 can be metal,
such as nickel, platinum, copper, copper alloys (including one
or more elements of nickel, iron, zinc, tin, chromium, silver,
and phosphorous), or other suitable rigid material for
structural support. Carrier 140 can be circular, rectangular,
or other shape or form factor with diameters or widths in the
range of 100-550 millimeters (mm). In one embodiment, carrier

140 is circular with a diameter of 550 mm. An interface layer

-15-



occupied by semiconductor die 124. In one embodiment, the volume of encapsulant 186 ranges between
20-250 grams for a carrier diameter of 300 mm. Encapsulant 186 is evenly dispersed and uniformly
distributed under an elevated temperature within cavity 178 around semiconductor die 124. In one
embodiment, the molding temperature ranges from 80-150C with a molding time of 250-1000 seconds.
The molding cure temperature ranges from 100- 180C with a molding cure time of 20-120 minutes. The
thicknes<6f &tHpsaiRiht 488 réAfins drfiform, B9g1Ess than 5% deviation! 48rds réconstituted

semicon owatey 148nesive BHadAlrshows igconstitytasksgmicanductop waferlatskemoved from
the chase mold. In FIG. 4k, a portion of encapsulant 162 is optionally removed by grinder 190 to planarize

the enca&&ﬂ?{ﬁt'with back surface 128 of semiconductor die 124. Encapsulant 162 can also be planarized

by an etching process oe€MR.r 140 hGarrier 14050 terfacedayemntd 2 arereeraovadc:by geemical
etching, mechanic(ajl peelin%, CMP, mechanic? grinding, thermal bake, UV IEC?ht, aser scann1inp , Or wet
Ve aet &

stripping o 185:(’865@9 coiaue dfé?el%%raﬁacp ctﬁ}érs{}?'?a@te‘a‘f’oei'ﬁ‘oIED §err°i%8|j1 Paiet24'a
encapsuland162.1rGodd shawsid plarntview=ofréeanstitlted se micondiuciorwates 4 46hwith 1 s

semicondyctar die 124 embedded within encapsulant 102. o ;. FIG, 4 shows,a lemparagy subsirate
or carrier 192 containing sacrificial base material such as sificon, pojrymer,%ery ium oxmfe, or other
suitable |oWw-cest irigid dnateral foa structural Suppor. Andntetrface deyet @ doublecsided tape 194 is

formed over carrier }% as a temporary, %dhes've baonding fig*n @t%gtorg layer. The rggonstituted

: : t — . t . ,
semlconcfuac%rlv?/gfer 46lv§|tﬁn3nceap‘f§lutfant816 l|§mr]ﬁouenrte8 to i%[erface Iayrgr 19£%v%r carrier 192 with
active surface 130 ofiented apnyfronvthevzaeierl 20 has a diameter of 150 mm, then

carrier 140 is made with a diameter of 180 mm, giving a 44%
increase in surface area. If semiconductor wafer 120 has a
diameter of 200 mm, then carrier 140 is made with a diameter of
240 mm, giving a 44% increase in surface area. If semiconductor
wafer 120 has a diameter of 450 mm, then carrier 140 is made
with a diameter of 550 mm, giving a 49% increase in surface
area.

In FIG. 4b, semiconductor die 124 from FIGs. 3a-3c is
positioned over and mounted to carrier 140 using a pick and
place operation with active surface 130 oriented toward the
carrier. FIG. 4c shows semiconductor die 124 mounted to carrier
140 as reconstituted semiconductor wafer 146.

Semiconductor die 124 can be a known good
semiconductor die (KGD), i.e. semiconductor die that have been
functionally and reliability tested, inspected, passed, and
known to be capable of all designed attributes and operational
states once a power supply potential is applied. The KGD
testing includes confirmation of functional operation, AC and DC
parameters, temperature cycling, burn-in qualifications,
reliability testing, environmental testing, visual and automated

inspection, mechanical testing, interconnect specifications, and
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In FIG. 4n, an insulating or passivation layer 200 is formed over encapsulant 162, active surface 130, and
conductive layer 132 using PVD, CVD, printing, spin coating, spray coating, lamination, sintering or
thermal oxidation. The insulating layer 200 contains one or more layers of silicon dioxide (Si02), silicon
nitride (Si3N4), silicon oxynitride (SION), tantalum pentoxide (1a205), aluminum oxide (Al203), or other
material having similar insulating and structural properties. A portion of insulating layer 200 is removed by

an etchingpPr8Ees<SiTddgIP s patRed pRSHEISt 8y drto EXPosE cBhblictRSIa§er 132. An
electricallycondactive layes 2021 formed insulating layes 200angceondustive Jayer 132 using a
patterning and metal deposition process such as printing, PVD, CVD, sputtering, electrolytic plating, and
electroleSEPAGRG EEhAIctRETay 2055 Bé oheBh e [EFErE SFAIUEL 8P T ORFAu, Ag, or other
suitable electricalypcondiictive meateniak Aspartion of eopdyctiverayemRZ-extends borzenrtalyalong
insulatingplat%er 200 and parallel to active surface 130 of semic,onéjéjzctor éjie 124 to Iateraél redistribute the
electricalterconnedt o Conduttive Taer i3t CHhiEtEIayer 202 dperates asa faRSGut redistribution
layer (RDL) for the electrieaksignals of semiconseretor el 124 oA pastien of denductive layer 202 is

electricalg/i%onge&edatr(l) dc:osnlglru ti\(/:% Iagleé &3%. Qtréerr pcqgti%nscgf C%Pidéjrﬁg\t/% Iraygrq 02 are ae(I:%ctricaIIy
common or elflec%rlcally Isolate daepend?ng on ?hégconnec?lvity of sémiconductor die 124, In FIG.

40, an insulatingp 6r passivatichuayer2@4 issformed over insutetingnlayperi2@hand conductive layer 202

using PVD, CVD, printing,, spin coating, spray coating, screen printing or lamination. The insulating layer
204 o 6 698 67 e Thy ol o ok SN TON, Tedbe A28, 5 oUrst materal hiita miar
insulating &nd@ structaealtpropéities. Alportiorr 6kinsulating |ayfer 204iis pentoved byvartetchihgOprocess
with a pagigmed photoresist jayer tg expose condycive layey 202; rcconstituted

semiconductor wafer 146 accommodates more semiconductor die 124
and lowers manufacturing cost as more semiconductor die 124 are
processed per reconstituted semiconductor wafer. The number of
semiconductor die 124 mounted to carrier 140 is greater than the
number of semiconductor die 124 singulated from semiconductor
wafer 120. In one embodiment, the number of semiconductor die
124 mounted to carrier 140 is 10-50% more than the number of
semiconductor die 124 singulated from semiconductor wafer 120.
For example, the number of semiconductor die 124 mounted to
carrier 140 is 10-50% more than the number of semiconductor die
124 singulated from semiconductor wafer 120.

Alternatively, the number of semiconductor die 124
mounted to carrier 140 is 10-50% more than the number of
semiconductor die 124 that could be mounted to a smaller carrier
148, as shown in FIG. 4d. If carrier 148 has a diameter of 300
mm, then carrier 140 is made with a diameter of 310-350 mm. 1In
other cases, i1f carrier 148 has a diameter of 150 mm, then
carrier 140 is made with a diameter of 180 mm, giving a 44%
increase in surface area. If carrier 148 has a diameter of 200

mm, then carrier 140 is made with a diameter of 240 mm, giving a
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An electrically conductive bump material is deposited over the exposed conductive layer 202 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 202 using a suitable attachment or bonding process. In one
embodimeht, the DURTE Matérial i< Fétfowet By heatily fermatcriat 4Bobé its néltiRgpoimt t¢form balls or
bumps 206.dngeme applications bumps 206 are deflawed asegonadima-tadmpreve glectrical contact to
conductive layer 202. Bumps 206 can also be compression bonded to conductive layer 202. Bumps 206
representofie Bbelofintercoriett SFucturd Hattah B fofmed Bver tBRGUAREISyer252. The
interconneehBisuctue eam alsordsecsivd bump, micrenbummpe ar ether glectkeal interconnect & The
combination of insulating layers 200 and 204, conductjve layers 202, and bumps copstitute a build-up
gﬁfy é%a ‘P{Enet 1%%.

interconntt StrGetare 2 T &éﬁ'nr%%n?i%ﬁ)&fct&fdi% CoRg BREsu Additional insulating

e
orm
layers anddrDts ¢an he formeed indouildsufa intenconaectistiucturerzO8lfor iierconneetiornto
semiconductor die 124, . The reconstituted semiconductor wafer 146 is singulated through
encapouRR 16 S GG e o Sl S G0Nt 6% DIAE o ket Cyig 1ol 18 ino
individuakfaneouteamiogd dechwater tevel ihall gnid arraycEeVWLBYpackage 282 Carderr 292 and Interface
layer 194 arelrfmoved b .che@iggl.etc?g]g,.mechanica%geel%g, 1QMP mcechggiecgl grinding, thermal

bake, U\/Sﬁ(b t, Iggercgganln?nrg, or wet strlpplnéﬂ.rger “FIG. 5 shows the fan-out eWLB 212 after

singulatioreand eerhovalrof camerugoand midrface lager $94. Conductivedayerct321ofigemiconductor die
124 is eIQApitrﬂ'%%[ythpélg%epitggcq@ugtd'yl% ka)égf ggg ggd\}gﬂrgg% ggg..The fan-out eWLB 212 is formed

from a reconstituted semiconductor wafer 146 having a diameter and surface area larger than the
diameter and surface dréa of $emidoridtictorabales 1201 dricdembvdinderftn reteipstituted Semiconductor

wafer 146 1955, 3uriace area they s 10:30% repterihian the. surfage. areqf semiggnductaryater 120

The larger surface area of carrier 140 and reconstituted semiconductor wafer 146 accommodates more
semicondifctordie ar24tand fotvers maitactufing osCas R $effcorthetdrdie 324 are processed per

reconstituted semieanducior wafes: Eacapsiiant 162 is formed Hnder tempesature apd pressure within

chase mold 150 for a planar encapsulant coverage with less warpage. The thickness of encapsulant 162

remains BRiforif @Sy dess thHahlS%YdevAatin: atrossFee6AstittetEeniedrductSr wafera46. FIG.
6 shows an empadimentaf fanrauwt eWLB2IA with epcapsulant 162-disposed-everhack swface 128 of

semiconductor die 124, i.e. without the optional planarization of the encapsulant shown in FIG. 4k.

Conductiv8PRfer 135%F sehfiBordiicterdie A% i8 blédficalfcohh@ctedPtohdtictive layer 202 and
bumps 20émEhe fan-eutaWh B2 1his founed frem adeceistitiyed sequconducterwafer 446 fwving a
diameter and surface area larger than the diameter and surface area of semiconductor wafer 120. In one

embodiment, reBSHSIEAXENTcondidor WaRkt 148°hds’a Suface &féh fat ' 10-869F Geii&r than the

surface asea o semiconduatos wafer12@.ihe by distance D between carrier 140
and surface 160 of lower mold support 154. In one embodiment,
the separation distance D is 0.5 mm to avoid initial heat
transfer to reconstituted semiconductor wafer 146.

In FIG. 4f, a volume of encapsulant or molding
compound 162 is deposited over semiconductor die 124 and
interface layer 142 of carrier 140. Encapsulant 162 can be a
polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler. The
volume of encapsulant 162 is measured according to the space

requirements of cavity 156 less the area occupied by
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larger surface area of carrier 140 and reconstituted semiconductor wafer 146 accommodates more
semiconductor die 124 and lowers manufacturing cost as more semiconductor die 124 are processed per
reconstituted semiconductor wafer. Encapsulant 162 is formed under temperature and pressure within
chase mold 150 for a planar encapsulant coverage with less warpage. The thickness of encapsulant 162
remains uniform, e.g. less than 5% deviation, across reconstituted semiconductor wafer 146.

FIGs. 7 and"8- ek ttafethe teting process To BERLAREY RED Stitus bfSemMitbrGictot die 124 prior to
mountingsteccasden t4@, i-es at thenwatertenelele. Joshoys testing stations22:withavafer test probes 224
electrically connected to conductive layer 132 on each semiconductor die 124 contained in semiconductor
wafer 126 PE&ing staton 290 B8rforms full electrical and mechanical testing of each semiconductor 124
while in wafer form. FIGh8 shewsrestingistatiop 226 fosEmperaluse €ycling, busamip gualifications,
reliability testing, and environmental testi ?g of semiconductor gli_le 124 contained in semiconductor wafer

120. Onc®the KGO Etatus ¥F SEMHiconHticsr dis 13318 esthblishéd the semicondlidtst die afe mounted to
carrier 140, 8s$ destribedin BHed.dnddctor dika Sutdmany semieqnduciortwafe? 1204dpclades a
plurality of .semiconductgr difélbz4 formegé/vithin a SEuéf(?Fe preao the, s%micggduc r wafer

Semiconductor die £24 are smgt’JIa?eSd from' semiconductor wafer 120. A Carrier 140 faS'a §u4r12ace area

larger tharpthessurfacewaréa of sémicanductarayvafer 120 sTipe sutfade areaspfrdarden ©401&s110-50%
greater tt’iairk@e surface area % esemicotnodugtor wafer 120 %gmiconductoar die 124 are mo n&ed to carrier

140 to form reggn i%l?tgd semlcorgdlunctor wa erP]?Lﬁ%S §émicTondur8?o\?ed?§ Ii 4%an OewﬁéDH.] e number of

s_emiconcmmmoaﬁe 13_2544mt;gw@1dcte oamm@rlmibcg_reamm&n the? ngmb'eiruﬁse_nwmidljctor die 124
S'”gu'ate%éboé‘é sepicopductorwafer 160 aliernatiyely, thenumberof the semicqngucior dig mounted to

carrier 140 is greater than the number of the semiconductor die that can be mounted to carrier 148, which
is smallesthahrczgriet 240 fushmy'the suméd seteParanufacturinttosis:face 164 of upper

mold support 152. Spring-loaded lifter pins 158 are fully
compressed under a clamping force F of 50-500 kilo-Newtons (kN)
between upper mold support 152 and lower mold support 154.

Heat is transferred through upper mold support 152 and
lower mold support 154 to bring encapsulant 162 to a viscous
state. Encapsulant 162 is evenly dispersed and uniformly
distributed under an elevated temperature within cavity 156
around semiconductor die 124. In one embodiment, the molding
temperature ranges from 80-150°C with a molding time of 250-1000
seconds. The molding cure temperature ranges from 100-180°C
with a molding cure time of 20-120 minutes. The temperature and
pressure within chase mold 150 provides a planar encapsulant
coverage with less warpage. The thickness of encapsulant 162
remains uniform, e.g. less than 5% deviation, across
reconstituted semiconductor wafer 146.

In another embodiment, continuing from FIG. 4d, chase
mold 170 has an upper mold support 172 and lower mold support
174, as shown in FIG. 4h. Upper mold support 172 has a
plurality of inlets 176 into cavity 178 for containing
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The reconstituted semiconductor wafer 146 is disposed within chase mold 150. Chase mold 150 is closed
with semiconductor die 124 disposed within cavity 156 of the chase mold. In one embodiment, upper
mold support 152 Includes cavity 156. A lower mold support 154 has spring-loaded lifter pins 158. The
reconstituted semiconductor wafer 146 is disposed over spring-loaded lifter pins 158. Encapsulant 162 is
deposited over reconstituted semiconductor wafer 146. Chase mold 150 is closed so that lower mold

support 15A & GAPSMbldFipport1 52 CoRACEESTIEF 140 UhdBP prEsetrd (erdase semiconductor
die 124 anehencapsulant 462 within cavin1ae.ettheupperraaldispppertaneicempress spring-loaded
lifter pins_158. Encapsulant 162 is dispersed around semiconductor die 124 within cavity 156 under an
elevated terhp&ratire dhd Biessurg AlteRraivaly: upp&f mutd SGppait $72 Indades If‘&gg 1'7% and cavity
178. Lowel mald suppert 1ddasspringslopded tifterging 180. The recenstituted semicarductor wafer
146 is disg)osed over sprin -Ioaded,liftergins, 180. C%%?edmold 170 s closeqig; that Igwer mold support
174 and Gppértbld stpport 175 Eomtact Eartiar 140 Witk semiconduétor die 24 dispdSed within cavity
178 of thewippeyriald seppdrt and:compress sprirdgrlaadediliftes pins-18hrEncapsulant 486 is injected

into cavitg tlgg ethIrT(I)éJ%kl\tiQIlets 17%. Enca su(l)annt 186 O{'s dis e(g%eq)u ((1e%rwar(1e glevg&ed.tegnplemture and
pressure around Semiconductor di¢ 124 THé' reconstifuted semiconductor water 146 is removed from the

chase melddEncapgsutant1l62 ispldrarieedito expeserdiacklsitfaceTi?8oksemicodductor die 124. An

;r;:igﬁpge%t stsrtéctuq_,ea%g% Is fﬁ’{@@g over econsg'[}gegn lrgegyjco(,jn\géji:(tjpr.V}/lalfgri %%6hT6h%|nterconnect

inctudes an insu ating E’ﬁ/eer 00 Tormed over a surface of reconstituted semiconductor wafer
146. Condustive lyer 202 ¢s-formiedtovet instdatingolagerc200. Tetisulading layer 204 is formed over

insulating layer 200 anghcgngﬁgg\ée @g%zg%pﬁ ort _M/piIg@@el%rdggrqn%mgog%%rgﬁl@f the, present

invention have been illustrated in detail, the skilled artisan will appreciate that modifications and
adaptationseoosweimbbdimams may e madewithoet deddrtidg from the scopehsfthe present

invemionEaI%S.etéI?r,thE%t@lfgggwmgag@i%lglaim§ with semiconductor die 124
disposed within cavity 178. As interface layer 142 contacts
surface 184 of upper mold support 172, spring-loaded lifter pins
180 begin to compress. The movement of lower mold support 174
towards upper mold support 172 continues until opposing surfaces
of interface layer 142 and carrier 140 contact surface 182 of
lower mold support 174 and surface 184 of upper mold support
172. Spring-loaded lifter pins 180 are fully compressed under a
clamping force F of 50-500 kN between upper mold support 172 and
lower mold support 174.

A volume of encapsulant or molding compound 186 is
injected from dispenser 188 under an elevated temperature and
pressure through inlet 176a into cavity 178 and over
semiconductor die 124 and interface layer 142 of carrier 140.
Inlet 176b can be exhaust port for excess encapsulant 186.
Encapsulant 186 can be a polymer composite material, such as
epoxy resin with filler, epoxy acrylate with filler, or polymer
with proper filler. The volume of encapsulant 186 is measured

according to the space requirements of cavity 178 less the area
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer including a plurality of semiconductor die formed within a surface area of the
semiconductor wafer; singulating the semiconductor die from the semiconductor wafer; providing
a carrier having a surface area larger than the surface area of the semiconductor wafer; and mounting
the semiconductor die to the carrier to form a reconstituted wafer, wherein a number of semiconductor die

mounted 36 & E5RiePTs GRS ARIH ZimBerof<eicondudBr dRMSAGIRRHroritRe semiconductor

wafer. volume of encapsulant 186 ranges between 20-250 grams for a
carrier diameter of 300 mm. Encapsulant 186 is evenly dispersed
and uniformly distributed under an elevated temperature within
cavity 178 around semiconductor die 124. 1In one embodiment, the
molding temperature ranges from 80-150°C with a molding time of
250-1000 seconds. The molding cure temperature ranges from 100-
180°C with a molding cure time of 20-120 minutes. The thickness
of encapsulant 186 remains uniform, e.g. less than 5% deviation,
across reconstituted semiconductor wafer 146.

FIG. 47 shows reconstituted semiconductor wafer 146
removed from the chase mold. In FIG. 4k, a portion of
encapsulant 162 is optionally removed by grinder 190 to
planarize the encapsulant with back surface 128 of semiconductor
die 124. Encapsulant 162 can also be planarized by an etching
process or CMP.

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 conductive layer 132 and active surface 130 of
semiconductor die 124 and encapsulant 162. FIG. 41 shows a plan
view of reconstituted semiconductor wafer 146 with semiconductor
die 124 embedded within encapsulant 162.

FIG. 4m shows a temporary substrate or carrier 192
containing 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 194
is formed over carrier 192 as a temporary adhesive bonding film
or etch-stop layer. The reconstituted semiconductor wafer 146
with encapsulant 162 is mounted to interface layer 194 over

carrier 192 with active surface 130 oriented away from the
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2. The method of claim 1, wherein the semiconductor die is a known good semiconductor die. 3. The
method of claim 1, wherein the surface area of the carrier is 10-50% greater than the surface area of the
semiconductor wafer. 4. The method of claim 1, further including: providing a chase mold; disposing
the reconstituted wafer within the chase mold; closing the chase mold with the semiconductor die
disposed within a cavity of the chase mold; dispersing an encapsulant around the semiconductor die
within the€avitySdnder temperature and pressure;

In FIG. 4n, an insulating or passivation layer 200 is

formed over encapsulant 162, active surface 130, and conductive
layer 132 using PVD, CVD, printing, spin coating, spray coating,
lamination, sintering or thermal oxidation. The insulating
layer 200 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. A portion
of insulating layer 200 is removed by an etching process through
a patterned photoresist layer to expose conductive layer 132.

An electrically conductive layer 202 is formed
insulating layer 200 and conductive layer 132 using a patterning
and metal deposition process such as printing, PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 202 can be one or more layers of Al, Cu, Sn,
Ti, Ni, Au, Ag, or other suitable electrically conductive
material. A portion of conductive layer 202 extends
horizontally along insulating layer 200 and parallel to active
surface 130 of semiconductor die 124 to laterally redistribute
the electrical interconnect to conductive layer 132. Conductive
layer 202 operates as a fan-out redistribution layer (RDL) for
the electrical signals of semiconductor die 124. A portion of
conductive layer 202 is electrically connected to conductive
layer 132. Other portions of conductive layer 202 are
electrically common or electrically isolated depending on the
connectivity of semiconductor die 124.

In FIG. 40, an insulating or passivation layer 204 is
formed over insulating layer 200 and conductive layer 202 using
PVD, CVD, printing, spin coating, spray coating, screen printing

or lamination. The insulating layer 204 can be one or more
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removing the reconstituted wafer from the chase mold; and forming an interconnect structure over the
reconstituted wafer. 5. The method of claim 4, wherein providing the chase mold includes: providing an
upper mold support including the cavity; providing a lower mold support with spring-loaded lifter pins;
mounting the reconstituted wafer over the spring-loaded lifter pins;

layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. A portion
of insulating layer 204 is removed by an etching process with a
patterned photoresist layer to expose conductive layer 202.

An electrically conductive bump material is deposited
over the exposed conductive layer 202 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 202 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
balls or bumps 206. In some applications, bumps 206 are
reflowed a second time to improve electrical contact to
conductive layer 202. Bumps 206 can also be compression bonded
to conductive layer 202. Bumps 206 represent one type of
interconnect structure that can be formed over conductive layer
202. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

The combination of insulating layers 200 and 204,
conductive layers 202, and bumps 206 constitute a build-up
interconnect structure 208 formed over semiconductor die 124 and
encapsulant 162. Additional insulating layers and RDLs can be
formed in build-up interconnect structure 208 for
interconnection to semiconductor die 124.

The reconstituted semiconductor wafer 146 is
singulated through encapsulant 162 and build-up interconnect
structure 208 with saw blade or laser cutting tool 210 into

individual fan-out embedded wafer level ball grid array (eWLB)
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depositing the encapsulant over the reconstituted wafer; closing the chase mold so that the lower
mold support and upper mold support contact the carrier under pressure to enclose the semiconductor die
and encapsulant within the cavity of the upper mold support and compress the spring-loaded lifter pins;
and dispersing the encapsulant under an elevated temperature around the semiconductor die. 6. The
method of claim 4, further including: r$)roviding an upper mold support including an inlet and the cavity;

providingP& &t it supportkite SpringtIGREdHiftier » ace tayer 194 are removed by

chemical etching, mechanical peeling, CMP, mechanical grinding,
thermal bake, UV light, laser scanning, or wet stripping.

FIG. 5 shows the fan-out eWLB 212 after singulation
and removal of carrier 192 and interface layer 194. Conductive
layer 132 of semiconductor die 124 is electrically connected to
conductive layer 202 and bumps 206. The fan-out eWLB 212 is
formed from a reconstituted semiconductor wafer 146 having a
diameter and surface area larger than the diameter and surface
area of semiconductor wafer 120. In one embodiment,
reconstituted semiconductor wafer 146 has a surface area that is
10-50% greater than the surface area of semiconductor wafer 120.
The larger surface area of carrier 140 and reconstituted
semiconductor wafer 146 accommodates more semiconductor die 124
and lowers manufacturing cost as more semiconductor die 124 are
processed per reconstituted semiconductor wafer. Encapsulant
162 is formed under temperature and pressure within chase mold
150 for a planar encapsulant coverage with less warpage. The
thickness of encapsulant 162 remains uniform, e.g. less than 5%
deviation, across reconstituted semiconductor wafer 146.

FIG. 6 shows an embodiment of fan-out eWLB 214 with
encapsulant 162 disposed over back surface 128 of semiconductor
die 124, i.e. without the optional planarization of the
encapsulant shown in FIG. 4k. Conductive layer 132 of
semiconductor die 124 is electrically connected to conductive
layer 202 and bumps 206. The fan-out eWLB 214 is formed from a
reconstituted semiconductor wafer 146 having a diameter and
surface area larger than the diameter and surface area of
semiconductor wafer 120. In one embodiment, reconstituted
semiconductor wafer 146 has a surface area that is 10-50%

greater than the surface area of semiconductor wafer 120. The
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pins; mounting the reconstituted wafer over the spring-loaded lifter pins; closing the chase mold so
that the lower mold support and upper mold support contact the carrier with the semiconductor die
disposed within the cavity of the upper mold support and compress the spring-loaded lifter pins; and
injecting the encapsulant under an elevated temperature through the inlet into the cavity around the
semiconductor die. 7. The method of claim 4, wherein forming the interconnect structure includes:

forming a-firs? suRithgayerdver adurfiterofthe técbristitited Sehicordictst wafer;

semiconductor wafer 146 accommodates more semiconductor die 124
and lowers manufacturing cost as more semiconductor die 124 are
processed per reconstituted semiconductor wafer. Encapsulant
162 is formed under temperature and pressure within chase mold
150 for a planar encapsulant coverage with less warpage. The
thickness of encapsulant 162 remains uniform, e.g. less than 5%
deviation, across reconstituted semiconductor wafer 146.

FIGs. 7 and 8 illustrate the testing process to
establish KGD status of semiconductor die 124 prior to mounting
to carrier 140, i.e. at the wafer level. FIG. 7 shows testing
station 220 with wafer test probes 224 electrically connected to
conductive layer 132 on each semiconductor die 124 contained in
semiconductor wafer 120. Testing station 220 performs full
electrical and mechanical testing of each semiconductor 124
while in wafer form. FIG. 8 shows testing station 226 for
temperature cycling, burn-in qualifications, reliability
testing, and environmental testing of semiconductor die 124
contained in semiconductor wafer 120. Once the KGD status of
semiconductor die 124 is established, the semiconductor die are
mounted to carrier 140, as described in FIGs. 4b-4d.

In summary, semiconductor wafer 120 includes a
plurality of semiconductor die 124 formed within a surface area
of the semiconductor wafer. Semiconductor die 124 are
singulated from semiconductor wafer 120. A carrier 140 has a

surface area larger than the surface area of semiconductor wafer

120. The surface area of carrier 140 is 10-50% greater than the
surface area of semiconductor wafer 120. Semiconductor die 124

are mounted to carrier 140 to form reconstituted semiconductor
wafer 146. Semiconductor die 124 can be KGD. The number of

semiconductor die 124 mounted to carrier 140 is greater than the
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forming a conductive layer over the first insulating layer; and forming a second insulating layer over
the first insulating layer and conductive layer. 8. A semiconductor device made by a process, comprising:
providing a semiconductor wafer including a plurality of semiconductor die formed within a surface area of
the semiconductor wafer; singulating the semiconductor die from the semiconductor wafer;

number of semiconductor die 124 singulated from semiconductor
wafer 120. Alternatively, the number of the semiconductor die
mounted to carrier 140 is greater than the number of the
semiconductor die that can be mounted to carrier 148, which is
smaller than carrier 140, using the same set of manufacturing
tools.

The reconstituted semiconductor wafer 146 is disposed
within chase mold 150. Chase mold 150 is closed with
semiconductor die 124 disposed within cavity 156 of the chase
mold. In one embodiment, upper mold support 152 includes cavity
156. A lower mold support 154 has spring-loaded lifter pins
158. The reconstituted semiconductor wafer 146 is disposed over
spring-loaded lifter pins 158. Encapsulant 162 is deposited
over reconstituted semiconductor wafer 146. Chase mold 150 is
closed so that lower mold support 154 and upper mold support 152
contact carrier 140 under pressure to enclose semiconductor die
124 and encapsulant 162 within cavity 156 of the upper mold
support and compress spring-loaded lifter pins 158. Encapsulant
162 is dispersed around semiconductor die 124 within cavity 156
under an elevated temperature and pressure. Alternatively,
upper mold support 172 includes inlets 176 and cavity 178.

Lower mold support 174 has spring-loaded lifter pins 180. The
reconstituted semiconductor wafer 146 is disposed over spring-
loaded lifter pins 180. Chase mold 170 is closed so that lower
mold support 174 and upper mold support 172 contact carrier 140
with semiconductor die 124 disposed within cavity 178 of the
upper mold support and compress spring-loaded lifter pins 180.
Encapsulant 186 is injected into cavity 180 through inlets 176.
Encapsulant 186 is dispersed under an elevated temperature and
pressure around semiconductor die 124. The reconstituted

semiconductor wafer 146 is removed from the chase mold.
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providing a carrier having a surface area larger than the surface area of the semiconductor wafer; and
mounting the semiconductor die to the carrier to form a reconstituted wafer, wherein a number of
semiconductor die mounted to the carrier is greater than a number of semiconductor die singulated from
the semiconductor wafer. 9. The semiconductor device of claim 8, wherein the surface area of the carrier
is 10-50% greater than the surface area of the semiconductor wafer. 10. The semiconductor device of

claim 8, fartRePmekrfiiy: évidingPd RAE Afotd;t© dicusitty theleebnstittted Fatef Within the chase

mold; closingitbechase srold with the semisonduciordierdisposed withina-caxity of $he shaseymold;

dispersing an encapsulant around the semiconductor die within the cavity under temperature and
Oover reconstituted semiconductor wafer 146. THe interconnect

pressure,
structure 208 includes an insulating layer 200 formed over a
surface of reconstituted semiconductor wafer 146. Conductive
layer 202 is formed over insulating layer 200. The insulating
layer 204 is formed over insulating layer 200 and conductive
layer 202.

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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removing the reconstituted wafer from the chase mold; and forming an interconnect structure over the
reconstituted wafer. 11. A method of making a semiconductor device, comprising: providing a
semiconductor wafer including a plurality of semiconductor die formed within a surface area of the
semiconductor wafer; singulating the semiconductor die from the semiconductor wafer; providing
a first carrier having a surface area larger than a surface area of a second carrier; and mounting the
semiconductor die to the first carrier using a set *ﬁ&r’i‘iﬁacturing tools to form a reconstituted wafer,
wherein a first number of the semiconductor die mounted to the first carrier is greater than a second
number of the semiconductor die that can be mounted to the second carrier smaller than the first carrier

using the St 'of hiarftfacdififg tools.

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

providing a semiconductor wafer including a plurality of
semiconductor die formed within a surface area of the
semiconductor wafer;

singulating the semiconductor die from the semiconductor
wafer;

providing a carrier having a surface area larger than the
surface area of the semiconductor wafer; and

mounting the semiconductor die to the carrier to form a
reconstituted wafer, wherein a number of semiconductor die
mounted to the carrier is greater than a number of semiconductor

die singulated from the semiconductor wafer.

2. The method of claim 1, wherein the semiconductor die is a

known good semiconductor die.

3. The method of claim 1, wherein the surface area of the
carrier is 10-50% greater than the surface area of the

semiconductor wafer.

4. The method of claim 1, further including:
providing a chase mold;
disposing the reconstituted wafer within the chase mold;
closing the chase mold with the semiconductor die disposed
within a cavity of the chase mold;
dispersing an encapsulant around the semiconductor die

within the cavity under temperature and pressure;
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12. The method of claim 11, wherein the semiconductor die is a known good semiconductor die. 13. The
method of claim 11, further including: providing a chase mold; disposing the reconstituted wafer within the
chase mold; closing the chase mold with the semiconductor die disposed within a cavity of the chase
mold; dispersing an encapsulant around the semiconductor die within the cavity under temperature

and pressure; , ,
removing the reconstituted wafer from the chase mold; and

forming an interconnect structure over the reconstituted

wafer.

5. The method of claim 4, wherein providing the chase mold
includes:

providing an upper mold support including the cavity;

providing a lower mold support with spring-loaded lifter
pins;

mounting the reconstituted wafer over the spring-loaded
lifter pins;

depositing the encapsulant over the reconstituted wafer;

closing the chase mold so that the lower mold support and
upper mold support contact the carrier under pressure to enclose
the semiconductor die and encapsulant within the cavity of the
upper mold support and compress the spring-loaded lifter pins;
and

dispersing the encapsulant under an elevated temperature

around the semiconductor die.

6. The method of claim 4, further including:

providing an upper mold support including an inlet and the
cavity;

providing a lower mold support with spring-loaded lifter
pins;

mounting the reconstituted wafer over the spring-loaded
lifter pins;

closing the chase mold so that the lower mold support and
upper mold support contact the carrier with the semiconductor
die disposed within the cavity of the upper mold support and

compress the spring-loaded lifter pins; and
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removing the reconstituted wafer from the chase mold; and forming an interconnect structure over the
reconstituted wafer. 14. The method of claim 13, wherein providing the chase mold includes: providing an
upper mold support including the cavity; providing a lower mold support with spring-loaded lifter pins;
mounting the reconstituted wafer over the spring-loaded lifter pins; depositing the encapsulant over the

reconstituted wafer; ,
injecting the encapsulant under an elevated temperature

through the inlet into the cavity around the semiconductor die.

7. The method of claim 4, wherein forming the interconnect
structure includes:

forming a first insulating layer over a surface of the
reconstituted semiconductor wafer;

forming a conductive layer over the first insulating layer;
and

forming a second insulating layer over the first insulating

layer and conductive layer.

8. A semiconductor device made by a process, comprising:

providing a semiconductor wafer including a plurality of
semiconductor die formed within a surface area of the
semiconductor wafer;

singulating the semiconductor die from the semiconductor
wafer;

providing a carrier having a surface area larger than the
surface area of the semiconductor wafer; and

mounting the semiconductor die to the carrier to form a
reconstituted wafer, wherein a number of semiconductor die
mounted to the carrier is greater than a number of semiconductor

die singulated from the semiconductor wafer.
9. The semiconductor device of claim 8, wherein the surface
area of the carrier is 10-50% greater than the surface area of

the semiconductor wafer.

10. The semiconductor device of claim 8, further including:

providing a chase mold;
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closing the chase mold so that the lower mold support and upper mold support contact the carrier under
pressure to enclose the semiconductor die and encapsulant within the cavity of the upper mold support
and compress the spring-loaded lifter pins; and dispersing the encapsulant under an elevated

temperature around the semiconductor die. 15. The method of claim 13, further including: providing
an upper mold support including an inlet and the cavity; providing a lower mold support with spring-loaded
lifter pins; disposing the reconstituted wafer within the chase mold;

closing the chase mold with the semiconductor die disposed
within a cavity of the chase mold;

dispersing an encapsulant around the semiconductor die
within the cavity under temperature and pressure;

removing the reconstituted wafer from the chase mold; and

forming an interconnect structure over the reconstituted

wafer.

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

providing a semiconductor wafer including a plurality of
semiconductor die formed within a surface area of the
semiconductor wafer;

singulating the semiconductor die from the semiconductor
wafer;

providing a first carrier having a surface area larger than
a surface area of a second carrier; and

mounting the semiconductor die to the first carrier using a
set of manufacturing tools to form a reconstituted wafer,
wherein a first number of the semiconductor die mounted to the
first carrier is greater than a second number of the
semiconductor die that can be mounted to the second carrier
smaller than the first carrier using the set of manufacturing

tools.

12. The method of claim 11, wherein the semiconductor die is a

known good semiconductor die.

13. The method of claim 11, further including:
providing a chase mold;

disposing the reconstituted wafer within the chase mold;
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mounting the reconstituted wafer over the spring-loaded lifter pins; closing the chase mold so that the
lower mold support and upper mold support contact the carrier with the semiconductor die disposed within
the cavity of the upper mold support and compress the spring-loaded lifter pins; and injecting the
encapsulant under an elevated temperature through the inlet into the cavity around the semiconductor
die.
closing the chase mold with the semiconductor die disposed
within a cavity of the chase mold;
dispersing an encapsulant around the semiconductor die
within the cavity under temperature and pressure;
removing the reconstituted wafer from the chase mold; and

forming an interconnect structure over the reconstituted

wafer.

14. The method of claim 13, wherein providing the chase mold
includes:

providing an upper mold support including the cavity;

providing a lower mold support with spring-loaded lifter
pins;

mounting the reconstituted wafer over the spring-loaded
lifter pins;

depositing the encapsulant over the reconstituted wafer;

closing the chase mold so that the lower mold support and
upper mold support contact the carrier under pressure to enclose
the semiconductor die and encapsulant within the cavity of the
upper mold support and compress the spring-loaded lifter pins;
and

dispersing the encapsulant under an elevated temperature

around the semiconductor die.

15. The method of claim 13, further including:

providing an upper mold support including an inlet and the
cavity;

providing a lower mold support with spring-loaded lifter
pins;

mounting the reconstituted wafer over the spring-loaded

lifter pins;
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closing the chase mold so that the lower mold support and
upper mold support contact the carrier with the semiconductor
die disposed within the cavity of the upper mold support and
compress the spring-loaded lifter pins; and

injecting the encapsulant under an elevated temperature

through the inlet into the cavity around the semiconductor die.
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