SEMICONDUCTOR PACKAGES AND METHODS OF PACKAGING SEMICONDUCTOR DEVICES
CROSS-REFERENCE TO RELATED APPLICATION 100011This is a continuation-in-part application
of co-pending U.S. Patent Application Ser. No. 13/295,097, filed on November 14, 2011 which claims
the priority of United States Provisional Application No. 61/413,577 entitled "Embedded Die Fan-Out
Packaging Structures and Processes" filed on November 15, 2010, which are herein incorporated by

reference in their gRVEIESNIAKERORACKNGIALANDSVIE BROWSSORtIPAE Ki@N& Gigh capital

investment costs for new wafer redistribution layer (RDL) and bumping facilities. Furthermore, new

equipment for compression molding YEICONDEIOTIOR DI EIEdSired to enable wafer handling in
the pick and place system for fan-out solutions. 100031 To minimize or avoid the above mentioned

expenses, it is desirable to (MRS KBFERESEMITONRBETIATPRCKEFNIEATesses which are able to
utilize existing equipment tools and process associated with current wafer level fan out solutions.

Additiongligoit)is deFiighie teoptipdutedan-part applicanductebRRekRges IR Fngnexy plithpackage
profile, higher 1/0O counts for wafer level chip scale packaging, with multi-level redistribution layers and

possibly Byste3 2o packaige apaNcatiniber VIQE@Meiviiida alsondesd philaity prashieel Stapdsonductor
packages with enhanced heat dissipation capability. SUMMARY [0004]Embodiments relate generally

to semicPnehisionHagksigesion voecembddiment;tdtathasddedadieiRgrGePesadigiSuprakage is
presented. The method includes providing at least one die having first and second surfaces. The
second siifiae afsthe digctholuNes canpietr ality 0f Gonbicatire hadis iHeerpethatiniseftnehddes prdviding a
permanent carrier and attaching the at

entireties.

BACKGROUND
[0002] Industry fan-out solutions involve high capital investment costs for new wafer
redistribution layer (RDL) and bumping facilities. Furthermore, new equipment for compression
molding system and retrofit kits are required to enable wafer handling in the pick and place
system for fan-out solutions.
[0003] To minimize or avoid the above mentioned expenses, it is desirable to improve fan-
out semiconductor packaging processes which are able to utilize existing equipment tools and
process associated with current wafer level fan out solutions. Additionally, it is desirable to
produce fan-out semiconductor packages having very thin package profile, higher I/O counts for
wafer level chip scale packaging, with multi-level redistribution layers and possibly system in
package applications. Moreover, it is also desirable to produce semiconductor packages with
enhanced heat dissipation capability.

SUMMARY

[0004] Embodiments relate generally to semiconductor packages. In one embodiment, a
method for forming a semiconductor package is presented. The method includes providing at
least one die having first and second surfaces. The second surface of the die includes a plurality

of conductive pads. The method also includes providing a permanent carrier and attaching the at
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Page 1 of 29 least one die to the permanent carrier. The first surface of the at least one die is facing
the permanent carrier. A cap having first and second surfaces is formed to encapsulate the at least
one die. The first surface of the cap contacts the permanent carrier and the second surface of the cap
is disposed at a different plane than the second surface of the die. [0005]In another embodiment, a
method for forming a semiconductor package is disclosed. The method includes providing at least one

die stack hiaving: instioneesreanadsiréases. The sesondfstsfece ohthasiodack inelumesia plurality of
conductive pads. A permanent carrier is provided and the at least one die stack is attached to the

permanepyraaiiitaft g dirshssaface iaktheeddaast onesdigastadk isrhasing hrarunanet fasHsr. A cap
having first and second surfaces is formed to encapsulate the at least one die stack. The first surface

of the capreafitacth@rpeirasest aarugs anddhe sequrthaircerabihacap isscisasethas efdifferent
plane than the second surface of the die stack. [0006]These embodiments, along with other

advantagas antldealetes hergvedissiasethawithbeesine apprecit iy dugh reference to the following
description and the accompanying drawings. Furthermore, it is to be understood that the features of

the variopmesybodimeantshdeseaitriinhare i asehboton dtiallyexchisivendncicapackigl i dasitokzd.
combinations and permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0007]In the drawings,

like refereheencltayadiersdge pesallyingiaritasihensaies pekthdhimughouhthe ciffé rentasevslso, the
drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the

principlescebitiesintantisfthindibs talloivinglde s griptidiny vadonduetigsidee mpefithadqmmaseritiivention
are described with reference to the following drawings, in which: [0008]Figs. 1 and 2 show various
embodinpeoisdetiausé thicanduatonpaikagek andtioodibigs. Barhaanct Eigsed afbshiow safieef
embodiments of a method for forming a semiconductor package.
the at least one die stack is facing the permanent carrier. A cap having first and second surfaces
is formed to encapsulate the at least one die stack. The first surface of the cap contacts the
permanent carrier and the second surface of the cap is disposed at a different plane than the
second surface of the die stack.
[0006] These embodiments, along with other advantages and features herein disclosed, will
become apparent through reference to the following description and the accompanying drawings.
Furthermore, it is to be understood that the features of the various embodiments described herein
are not mutually exclusive and can exist in various combinations and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0008] Figs. 1 and 2 show various embodiments of a semiconductor package; and

[0009] Figs. 3a-h and Figs. 4a-c show various embodiments of a method for forming a

semiconductor package.
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DESCRIPTION 100101Embodiments relate to semiconductor packages and methods for forming a
semiconductor package. The packages are used to package one or more semiconductor dies or chips.
For the case of more than one die, the dies may be arranged in a planar arrangement, vertical
arrangement, or a combination thereof The dies, for example, may include memory devices, logic
devices, communication devices, optoelectronic devices, digital signal processors (DSPs),
microcontrollers, system-on-chips (SOCs) as pek@r@thenitypes of devices or a combination thereof
Such packages may be incorporated into electronic products or equipment, such as phones,
compute[ggadwell asmhieanddaabilessmriniaancschagespariirghth Packiagasdato other types
of products may also be useful. 100111Fig. 1 shows simplified cross-sectional view of an embodiment
of a semigeridosdacRapsarad 0T NafhekpgstiarcAsidl g5gritiadetdik dhanrckagedndliedasirduilt-up or
integrated wiring substrate 110. The wiring substrate includes first and second major surfaces 111 and
112. Thecfiigt najotRUtiseaiabaxampimaaay e téered e asrihgddmsusface andridfensecond major
surface, for example, may be referred to as the bottom surface. Other designations for the surfaces
may alsovbgivgeftta eaiid € oiochimpitatibe flisicotajohsditaceoptiamplisitgasubslidteniealoees first
and second regions 111a-b. The first region, for example, is a die or chip region on which a die 150 is
mounteddanitébe sgicenreitegiotnimnaxamplelds e apdiddagian devias efithadiipaat phe sondie
region surrounds the die region. The die region, for example, may be disposed in a central portion of
which themiP IS thisrovoutidttansyataiaroaliehipgiGOLL] bswhitth i tidtisidecobihe: diecatiaah region. The
die region, for example, may be concentrically disposed within the periphery of the wiring substrate.
Other coodigbinditns thecief asddhopuckegagiary ajhalspodstedsiid clbbalcThe dietcandy@ipment,
semiconductor die or chip. The die, for example, may be any type of integrated circuit (IC), such as a
memory slesies phehcascamlyinamnmigss aald asnadséssna embily Rage prodwnds. (D sdghraisadie random
access memory (SRAM) and various types of non-volatile memories including programmable
read-onlypankrgesiaso BREM)pandfflasdurie masiess@beaptdelectronic device, a logic device, a
communication device, a digital signal processor (DSP), a microcontroller, a system-on-chip, as well
as other [9pes| of dévgcdshbdd13hphédieiocsdesoadirsicsurffer dbbadandna secendicoajhrcsoirface
150b. The first surface, for example, is an inactive or backside of the die and the second surface is an
active suptakegef the dich Oploeti desdignagimasfalcths. sSlikapaeskeftheaciidanapalsaperisefpgtattlie active
surface of the die contacts the die region of the wiring substrate. The active surface, for example,
includes wpargngbstracfingl. pabsivatiog Japsrdteahsholaafitet exgposeoadmohjotivertiecpdds 4551 The
surfaces of the conductive die pads, for example, are substantially coplanar with the second major
surface 1BGbfo§thedesiPfmddfngesarfpdenaiythe cdaded tiveshdsopkioaarandticoptanat witfothe
second major surface of the die may also be useful. The die pads provide connections to the circuitry
of the disuttheediopacis)ftr, exanbple; fare damas dhoftettanductace. n(2denale spohtiaschppke, aluminum,
gold, nickel or alloys thereof Other types of conductive material may also be used for the die pads. The
pattern ofutfecdienpadssnay beetie loronorenteanent, the first major surface of the wiring substrate

includes first and second regions 111a-b. The first region, for example, is a die or chip region on
which a die 150 is mounted and the second region, for example, is a non-die region. In one
embodiment, the non-die region surrounds the die region. The die region, for example, may be
disposed in a central portion of which the die 150 is mounted and a non-die region 111b which is
outside of the die attach region. The die region, for example, may be concentrically disposed
within the periphery of the wiring substrate. Other configurations of die and non-die region may
also be useful.

[0012] The die can be a semiconductor die or chip. The die, for example, may be any type of

integrated circuit (IC), such as a memory device such as a dynamic random access memory
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disposed at a center or at opposing sides of the active surface. Other pad patterns, such as grid or
matrix arrangements, may also be useful. 100141In one embodiment, the wiring substrate includes a
multi-layered substrate. The multi-layered substrate, in one embodiment, includes first and second
insulating substrate layers 113 and 117. The first layer includes first 113a and second surfaces 113b.
The first surface may be referred to as the top surface and the second surface may be referred to as

the bottoypruifase:. Ltherdecipnaiensienths ssRacas fidherftst lgpes sTapalselfadsribriRe first

surface contacts the die. In one embodiment, the first layer includes through via contacts 130 which

extend frgibm fifsbgrifacr bk thedeaBna Hiace EROBMraidayseh Momyitsantagisacetfonied of a
conductive material. For example, the via contacts may be formed of copper, aluminum, Page 4 of 29

gold, nickel ffalloysithirraeé Qtbaniipes afeonductivedipaarias npiadssobenseful. The via contacts
are isolated from each other by the first insulating substrate layer. 100151Conductive traces 140 are

disposechgibriftemesidasiyiace-oh e irsd indulating subpiade dayasesThe conductive traces are
formed of a conductive material, such as copper, aluminum, gold, nickel or alloys thereof Other types

of condupsyesnateTiat diayrisedser yaefulirfhe ¢o0duel veéadsnanecaupled toothe Bubftwte via
contacts forming interconnects which are coupled to the die pads of the same die. The conductive
traces maytinaiude egndprijve paaactcd.okMatkdidbeffitat sighsidate: kyendaybecdstialeatrie layer.
The dielectric layer, for example, is disposed on the second surface of the die. Other types of first
substratelafee wRyiatie. bethseliebighatbey mnbedimeiots, dhehsdisiratedydicragsfile Phttecded to
provide vias in which substrate via contacts are disposed. Formation of the vias in the first substrate
layer mayubfa@chielediby anycsuitablécteghinicqpfabe indtidingandtaotiiniedviodaseceaict mechanical
drilling. 100171The second insulating substrate layer includes first 117a and second surfaces 117b.
The first sxufagcle, fiayudesreperniaddnasiiha igpssutaceland (het seeang tswtposcroaydbetiafeliked to as
the bottom surface. Other designations for the surfaces of the second insulating substrate layer may
also be yseful 5PheTtiestistutase Ohtheoadaorckidrupatingdayernispies pasabanritig Iseepichstiiabe of the
first substrate layer and the conductive traces; the second surface serves as a bottom surface of the
packagethkhe cechmdjstibsifaie 1a9erofdlaids. tRewcadicligclivé tkacelicornreach atipeds Wiechenend
substrate layer may be formed of solder mask or other dielectric materials. Other types of second
substratentayerdamaywathalees ersefd im0 k8 Hageertitigs deenprovisike dad nidb@iseClon dis phdtrptevalger in
which package contacts 170 are disposed. The openings, for example, expose conductive pads on the
conductieertnacsns to the circuitry of the die. The die pads, for example, are formed of a conductive

material, such as copper, aluminum, gold, nickel or alloys thereof. Other types of conductive
material may also be used for the die pads. The pattern of the die pads may be one or more rows
disposed at a center or at opposing sides of the active surface. Other pad patterns, such as grid or
matrix arrangements, may also be useful.

[0014] In one embodiment, the wiring substrate includes a multi-layered substrate. The
multi-layered substrate, in one embodiment, includes first and second insulating substrate layers
113 and 117. The first layer includes first 113a and second surfaces 113b. The first surface may
be referred to as the top surface and the second surface may be referred to as the bottom surface.
Other designations for the surfaces of the first layer may also be useful. The first surface
contacts the die. In one embodiment, the first layer includes through via contacts 130 which
extend from the first surface to the second surface of the first layer. The via contacts are formed

of a conductive material. For example, the via contacts may be formed of copper, aluminum,
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The pattern of the openings may be designed to provide the desired package contact pattern. For
example, the contact openings may be arranged in a grid pattern to form a BGA type package. Other
contact opening patterns may also be useful. The conductive pads, for example, are Page 5 of 29
coplanar with the conductive traces. In other embodiments, the conductive pads may include
protruding conductive pads. The conductive pads may be further covered with a surface protection

material, s316hnask E) P 0o fsMRIRIIE CORLNGPEPHTIHREdIE0A hike axierialIpackagefapntaesih70 are

disposed on the second substrate layer in the openings. The package contacts, for example, are

sphericatshapacthaindciuasshalish bhepeekagareomagtsipsaiibsieatednygae bottom surface of the
second substrate layer. Providing package contacts which do not protrude from the bottom surface of

the secopghsspstrateiyRriaUehcas smldes nsiscmaly dlsocbendseithct e paakagmaantag is formed
of a conductive material. The package contacts, in one embodiment, can be formed from solder.

Various typrsatsolder tTas amdsad todaen dhefpackaoe coniactsiveanaxamplacitng sopper,can be a
lead-based or non lead-based solder. Other types of conductive materials may also be used to form

the packagenéeiiacisldl aQXQLbt aliogk erakodinrhts Hpespackagacbriacitmaynnchidetethsstypes of
package contacts such as copper pillars or gold stud bumps (not shown). The use of copper pillars is

advantageteusoagitiey decstaollapse:afie thelohirhie Rvie conppsIipitais e nableaertic ahiiicios
package with much tighter pitch and more uniform standoff height to be produced. Gold stud bumps,

on the othauphand, ayispatstsnes: Benuseit intenjundiian withcan isair opituderndudtivévedhadsivesand
thermo-compression welding methods to achieve tight pitches. This is advantageous as it allows IC

chips thaneese originaliidessigned:witlepetip heradiveadnams énterdedi drcwicddyending:tamplesed as
flip chips. Other suitable types of package contacts may also be useful. 100211The package contacts
provide axidispakatoashdedivmdieniathe dondigctVentiagess stlfisttaichvieneoniactmanadidpads. The
package may be electrically coupled to an external device (not shown), such as a circuit board, by the
packagewefiiacis. ol 2@abiodanenesnibedibemitdheybuiliaybwiringraab strateviiaviniegraliéch package
substrate. As described, the package substrate directly contacts the die in the die region, with the
conductigebisasesvancbviactoatadispestplefbimthdlief dadsiaf thehsdine dibstinteheyenirgdi@ent,

achieved by any suitable techniques, including and not limited to laser and mechanical drilling.

[0017] The second insulating substrate layer includes first 117a and second surfaces 117b.

The first surface may be referred to as the top surface and the second surface may be referred to

as the bottom surface. Other designations for the surfaces of the second insulating substrate

layer may also be useful. The first surface of the second insulating layer is disposed on the

second surface of the first substrate layer and the conductive traces; the second surface serves as

a bottom surface of the package. The second substrate layer isolates the conductive traces from

each other. The second substrate layer may be formed of solder mask or other dielectric

materials. Other types of second substrate layers may also be useful.

[0018] Openings are provided in the second substrate layer in which package contacts 170

are disposed. The openings, for example, expose conductive pads on the conductive traces.

The pattern of the openings may be designed to provide the desired package contact pattern. For

example, the contact openings may be arranged in a grid pattern to form a BGA type package.

Other contact opening patterns may also be useful. The conductive pads, for example, are
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the integrated package substrate includes via contacts which are directly coupled to the die pads of
the same die. The wiring substrate serves as a fan out redistribution structure for the die, enabling
redistributed, fanned-out external package connections. 100231As described, the first substrate layer
is a single layer. In other embodiments, the first substrate layer 113 may include a plurality of first
sub-layers. For example, the first substrate layer may include first and second first sub-layers.

Providing @ fifsiiswhstiaée iaveciitioher misthersabiasisuly;layessimasialspdae magfidehibe first and
second first sub-layers, for example, may include the same material. Providing the first sub-layer

having aglitesenizroataiialitkandee srReopadsuhivayedmayy s aurtheisaiubréd fivsthsubul@yes is similar to

the first substrate layer. For example, a first sub-layer includes first and second surfaces and substrate

via contagisiexienaiagtough theosrface snandl conatieibver isReRg on the second surface. The first
surface of a sub-layer either contacts the die or the second surface of an adjacent first sub- layer. This

producegeoiiogt sulmsicaiedaydpaclayerashsiack vthraiitiple conductiveolayaibste\vidisgia dikst
substrate layer having multiple built-up conductive layers may facilitate a package for a die with a
higher despsiiyhgf thEhdipacRita cisnants pREKAGM PR ta6tsH HRRANIHBped s teivhoelvebilla CBRe190 is
formed over the second region 111b of the first major surface 111 of the package substrate. The cap
serves tpptkigetdhaadie fiomudiefeniithnBgmn airéxanplac $ie aapsayaeokees thereiedirpm

moisture. The cap, for example, is
package contacts which do not protrude from the bottom surface of the second substrate layer,
such as solder lands, may also be useful. The package contact is formed of a conductive
material. The package contacts, in one embodiment, can be formed from solder. Various types
of solder can be used to form the package contacts. For example, the solder can be a lead-based
or non lead-based solder. Other types of conductive materials may also be used to form the
package contacts.
[0020] In other embodiments, the package contacts may include other types of package
contacts such as copper pillars or gold stud bumps (not shown). The use of copper pillars is
advantageous as they do not collapse after reflow. Hence, copper pillars enable semiconductor
package with much tighter pitch and more uniform standoff height to be produced. Gold stud
bumps, on the other hand, may sometimes be used in conjunction with anisotropic conductive
adhesive and thermo-compression welding methods to achieve tight pitches. This is
advantageous as it allows IC chips that were originally designed with peripheral bond pads
intended for wire bonding to be used as flip chips. Other suitable types of package contacts may
also be useful.
[0021] The package contacts provide external access to the die via the conductive traces,
substrate via contacts and die pads. The package may be electrically coupled to an external

device (not shown), such as a circuit board, by the package contacts.
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formed of an encapsulation material. The encapsulation material, for example, may be molding epoxy
resin material. Other types of encapsulation materials may also be useful 100251The cap includes first
and second major surfaces 190a-b. The first surface, for example, may be the top surface and the
second surface may be the bottom surface. Other Page 7 of 29 designations for the surfaces of the
cap may also be useful. In one embodiment, the cap at least surrounds the die. For example, the

bottom spyéae¢ 190k isndispesathRAtthBAckagewithisiaisseniEne ArimdigdegipicRhibenrekage
substrate. The cap, by surrounding the die, protects the die. 100261In one embodiment, the non-die
region is Alispasadda, ahdifarenidiaparthaditeegiesegian tfeadiexamplgicasgbawndaiportion A', the die
and non-die region forms a step 187 in the package substrate. In one embodiment, the die region is

disposed:erdecessaddaiatiie rneapsiiatiapmateriad with saspeehda it diajoh sudaasddeaf the
cap. For example, the die region 111a has a greater distance from the bottom 117b of the package

substratetibandfiateo pdieapegidbs tditindlngess e dientegiowhioh exadiplaljsalysive thendigicgaign or the
conductive die pads with respect to the first major surface 190a of the cap. Referring to Fig. 1, the

second ssfrfacedhdhiediglis disposabinradiferenipiahe tharthesecondssuidage ffirthe aap. Providing
the bottom surface of the cap at a different plane than the die advantageously relieves the mechanical

stress oreilabliig edestatiedhiihad-mismatehadbtidpackagednaierials. 100271In one embodiment,
the cap does not cover the backside or first surface of the die, as shown in Fig. 1. For example, the top

surface 190230f theAsajeisritiaticofplanabsitite hedpacksiagsusface iboaafding diendteroatifigly, the
top surface of the cap need not be co-planar with the backside surface of the die. For example, the
first surfackst@falafdhe1Gapds albwe: thelbadkgidefaurfatelipda of dhexdiapte penflisgsabsthieethickness
of the adhesive layer which is disposed over the backside surface of the die as will be described later.
100281 Inageereaphodide miysa aal iefoh@Siis faeirlapant\Peispiisgd Gnstoptstitie opowitsbgigifaces of
the cap 190a and the die 150a. For example, the carrier remains as part of the packaged die. The
carrier inslunles eofirtsandbal seee mehnajar sunkadel. The: fiistt majcesontbfisstlSbalafareXample, is a top
surface and the second major surface 185b is a bottom surface of the carrier. Other designations for
the surfaceswflthenaairieludweghalsmbenasefal. [Providiamthedimenibthy adeondgsuddtecat the carrier at
least contacts the first surface of the cap while Page 8 of 29

material than the second sub-layer may also be useful. A first sub-layer is similar to the first

substrate layer. For example, a first sub-layer includes first and second surfaces and substrate

via contacts extending through the surfaces and conductive traces on the second surface. The

first surface of a sub-layer either contacts the die or the second surface of an adjacent first sub-

layer. This produces a first substrate layer or layered stack with multiple conductive layers.

Providing a first substrate layer having multiple built-up conductive layers may facilitate a

package for a die with a higher density of the die contacts and package contacts.

[0024] In one embodiment, a cap 190 is formed over the second region 111b of the first

major surface 111 of the package substrate. The cap serves to protect the die from the

environment. For example, the cap may protect the die from moisture. The cap, for example, is

formed of an encapsulation material. The encapsulation material, for example, may be molding

epoxy resin material. Other types of encapsulation materials may also be useful

[0025] The cap includes first and second major surfaces 190a-b. The first surface, for

example, may be the top surface and the second surface may be the bottom surface. Other
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the first surface of the carrier is exposed. The second surface of the carrier, for example, covers
substantially the whole first surfaces of the die and the cap. [0029]In one embodiment, an adhesive
175 is provided on the second surface of the carrier. The adhesive, for example, bonds at least the
carrier and the die. In one embodiment, the adhesive is provided at least in between the second
surface of the carrier and the first surface of the die. In other embodiments, the adhesive may also be

provideddsshetwieas thelsesamecsydage ohphasairioranddhg. firsloskréasasighte gancapdidiastihe

adhesive, for example, includes a film, paste, liquid or thermally conductive adhesive. Other suitable

types of agihesivgs thatifacilitatesabgneling ableast hetneantbascasposanshthie gikagy albalhe wsed.
The adhesive may include any suitable thickness so long as it could at least permanently bonds the

dies andtheneartRy rdpiondbpraepasiage[Q3aiAe shwwapdyigukothiearirr deverssubgiaially the
whole first surfaces of the die and the cap. The carrier, in one embodiment, should be sufficiently rigid

to serve pD2g)ermanent ealbirtificpe iManan s Rpesh ferdigidiag the diffaesliplstrakdirirgirssembly,
as will be described in detail later. Alternatively or in addition, the carrier, for example, may also serve

as a therragibeombicieiripl dissipatingdigadrtiomAheatdieieradiesiackofeiosfimiconctaptog package. By
way of a non-limiting example, the carrier may include a wafer or a conductive plate. For example, the

wafer maiheltidaiBsslieonwafe eaibd dhreaontu divecplatei nhypineld deracnstal iplatehcOther suitable
types of materials may also be used to form the carrier. The semiconductor package may also include
additionajieaptdintoamieadi sipkeades poct ih fingerhgat Wighipatiana fahexapnder axaagilspiasadier (not
shown) may be attached over the carrier to further improve heat dissipation. [0031]Fig. 2 shows
another esgbadimenhaf agemicdinduiofoackageo2oth T senticpackigiorpiatkagehimshuitanto that
described in Fig. 1. As such, common elements may not be described or described in detalil.
[0032] ThéiserpicondubtoT paakagke2@Qivicfidesangik: stasko ¢ Ghealitgreptumde cherr@ndietiegidie 111a
of a wiring substrate 110. The die stack includes n number of dies, where n is > 2. The bottom die, for
examplepadayvih refpexe dotchadithenfiagir(euefade F9Dph afdhiheajo pRititcisggtealFig. n, hesignating the dies
of the die stacks using other conventions may also be useful. The die stack, for example, may be
formed byusyesofithibldityipekspdsid stackiffgrenetiiadsthAs gleoweyritisudiacstatkhie cipdddrdvediapd
second dies 2501 and 2502. The second die 2502 is attached onto the first die 250i, and the first die is
attachedtie thetdie sedica dfithe odphe sdiifierauthstnatehhhGhOdbs adsedtigetusl dielstack thkay be TSV or
non-TSV dies. In one embodiment, both top and bottom

mechanical stress on the die due to the thermal mismatch of the package materials.

[0027] In one embodiment, the cap does not cover the backside or first surface of the die, as
shown in Fig. 1. For example, the top surface 190a of the cap is about co-planar with the
backside surface 150a of the die. Alternatively, the top surface of the cap need not be co-planar
with the backside surface of the die. For example, the first surface 190a of the cap is above the
backside surface 150a of the die, depending on the thickness of the adhesive layer which is
disposed over the backside surface of the die as will be described later.

[0028] In one embodiment, a carrier 185 is permanently disposed on top of the top or first
surfaces of the cap 190a and the die 150a. For example, the carrier remains as part of the
packaged die. The carrier includes a first and a second major surface. The first major surface
185a, for example, is a top surface and the second major surface 185b is a bottom surface of the
carrier. Other designations for the surfaces of the carrier may also be useful. In one

embodiment, the second surface of the carrier at least contacts the first surface of the cap while
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dies may be TSV dies. In yet another embodiment, the bottom die may include a TSV die and the top
die may include a non-TSV die. Non-TSV die, for example, may include wire bonded, direct
connection, flip chip die, etc. For die stacks having more than 2 dies, the lower dies (bottom and
intermediate dies except the top die) are usually TSV dies while the top die is a nonTSV die. Other
configurations or types of dies of a die stack may also be useful. [0033]A TSV die includes first and

second maTsiiaerRs eblr-barfibeifisipddaceipciwdnd lstdic qantoais s Iansihpreeansnajor
surface includes second die contacts 235. The die contacts, for example, are die contact pads which

have topssbkiagas! sotaas withstRarfiist 260maad see¢andapOb major surfaces of the die. Providing
surfaces of the contact pads which are not coplanar with the surfaces of the die may also be useful.

Other cofjapgations ehdientismineéa 0k lirieediiact TRdproaydedsenhveusebild the:itesh amd saend die
contacts are interconnected by through via contacts 230. Other configurations of the TSV dies may

also be upefuldiRe videertanitabdifietoniaahpadsidonekapdie, arcotersibodirmcepnductive
material. The conductive material, for example, may include copper. Other types of conductive

material pdaysisdererdaediar s via nawast shandcadtaatiadst (ROSAAs showe, fing secanrdcodie

contacts 235 of the bottom die are mounted onto the die region 111a of the wiring substrate. The first

die contaitsd?a31aretlvatechudimtiesiapedighefiemay also be provided in between the second surface
of the carrier and the first surfaces of the cap and die. The adhesive, for example, includes a
film, paste, liquid or thermally conductive adhesive. Other suitable types of adhesive that
facilitates bonding at least between the carrier and the die may also be used. The adhesive may
include any suitable thickness so long as it could at least permanently bonds the dies and the
carrier during processing.
[0030] As shown in Fig. 1, the carrier covers substantially the whole first surfaces of the die
and the cap. The carrier, in one embodiment, should be sufficiently rigid to serve as a permanent
carrier or permanent support for holding the die or die stack during assembly, as will be
described in detail later. Alternatively or in addition, the carrier, for example, may also serve as
a thermal conductor for dissipating heat from the die or die stack of the semiconductor package.
By way of a non-limiting example, the carrier may include a wafer or a conductive plate. For
example, the wafer may include a silicon wafer and the conductive plate may include a metal
plate. Other suitable types of materials may also be used to form the carrier. The semiconductor
package may also include additional heat sink or heat spreader to enhance heat dissipation. For
example, a heat spreader (not shown) may be attached over the carrier to further improve heat
dissipation.
[0031] Fig. 2 shows another embodiment of a semiconductor package 200. The

semiconductor package is similar to that described in Fig. 1. As such, common elements may

not be described or described in detail.
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Page 10 of 29 die stack. In one embodiment, a die attach film or an underfill 217 can be provided in
the cavity formed between the dies to facilitate stacking and to protect bonding contacts 240 which
couple the conductive die pads 155 of the second die with the first die contacts 233 of the first die.
Redistribution layer may also be provided Similar to Fig. 1, the die and non-die regions of the
semiconductor package 200 forms a step 187 in the package substrate. For the case where more than

two dies pEspped WwHokhiheKliesaghcthe LW MAiniinadiate desimamnbieheded SYidies.

Providing the bottom and intermediate dies with non-TSV dies may also be useful. The second die

contacts @gtbe nthatol e akovebisraennesterhtadibeicst idiguerRpiaaimfdher aibsdigheelans [PO35]A
cap 190 is provided to encapsulate the die stack 210. In one embodiment, the cap at least surrounds

the die stHekbb@sBXAMN P cianpdp Mblcbstolerrodnelasane fratects, the sigasiahéhefinse 25&uand
second 2502 dies of the die stack. Similar to Fig. 1, the die region is disposed or recessed into the

encapsulationDegieiiaingitherérpeatite tistsmeajersingantael avehthmeamyl 9olbeanefamiodiaient, the
first surface 190a of the cap is about co-planar with the first surface 150a of the second die of the die

stack. TheaeRpidos-exasiyimagiorsnvtabyghailiesbasksitde s tidfirshokitgaadhdis seconehdictbé the

die stack. Alternatively, the first surface of
die stack includes first and second dies 250; and 250,. The second die 250, is attached onto the
first die 250, and the first die is attached to the die region 111a of the wiring substrate 110. Dies
used for the die stack may be TSV or non-TSV dies. In one embodiment, both top and bottom
dies may be TSV dies. In yet another embodiment, the bottom die may include a TSV die and
the top die may include a non-TSV die. Non-TSV die, for example, may include wire bonded,
direct connection, flip chip die, etc. For die stacks having more than 2 dies, the lower dies
(bottom and intermediate dies except the top die) are usually TSV dies while the top die is a non-
TSV die. Other configurations or types of dies of a die stack may also be useful.
[0033] A TSV die includes first and second major surfaces 250a-b. The first surface
includes first die contacts 233 and the second major surface includes second die contacts 235.
The die contacts, for example, are die contact pads which have top surfaces co-planar with the
first 250a and second 250b major surfaces of the die. Providing surfaces of the contact pads
which are not coplanar with the surfaces of the die may also be useful. Other configurations of
die contacts or die contact pads may also be useful. The first and second die contacts are
interconnected by through via contacts 230. Other configurations of the TSV dies may also be
useful. The via contacts and the contact pads, for example, are formed of a conductive material.
The conductive material, for example, may include copper. Other types of conductive material
may also be used for the via contacts and contact pads.

[0034] As shown, the second die contacts 235 of the bottom die are mounted onto the die

region 111a of the wiring substrate. The first die contacts 233 are mated with the top die of the
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the cap need not be co-planar with the first surface of the second die of the die stack. For example, the
first surface of the cap is above the backside surface of the second die of the die stack, depending on
the thickness of the adhesive layer which is disposed over the backside surface of the second die as
will be discussed later. The bottom surface of the cap is disposed on the non-die region of the wiring
substrate. [0036]In one embodiment, a carrier 185 which is similar to the carrier as described in Fig. 1

is permaarnilycHispesad avesdhadiishisfagesai e cap anikgarond die wf phevilestacke Ehatgecond

surface 185b of the carrier at least contacts the first surface of the cap 190a while the first surface

185a of themadrgtieexpaseds Iheseeardukiacasd theRABTERoIRN BXabMRIetsCoMEIshRAGR U Of 29
substantially the whole first surfaces of the second die and the cap. An adhesive 175, similar to the

adhesivelascdagauhesdre pigis1.5s pravdedoad e wabahe ftstfarecohthascaasior. tht dnea arnbodiment,
the adhesive is provided at least in between the second surface 185b of the carrier and the first

surface TaQnsaithesergotis. AR othgsremtatlivehiis: tharad hesival v ay difm Rikcptvigs d nteetween
the second surface of the carrier and the first surfaces of the cap and die. The adhesive, for example,

at least periesehidyobpacisathe2oarfiemandite I8 staakpidR3ddkigsrdesh Ehahean nmbeeiment of a

method for forming a semiconductor package
than two dies are used to form the die stack, the bottom and intermediate dies may include TSV
dies. Providing the bottom and intermediate dies with non-TSV dies may also be useful. The
second die contacts of the n™ + 1 die above is connected to the first die contacts of the n™ die
below.
[0035] A cap 190 is provided to encapsulate the die stack 210. In one embodiment, the cap
at least surrounds the die stack. For example, the cap at least surrounds and protects the sides of
the first 250; and second 250, dies of the die stack. Similar to Fig. 1, the die region is disposed
or recessed into the encapsulation material with respect to first major surface 190a of the cap
190. In one embodiment, the first surface 190a of the cap is about co-planar with the first
surface 150a of the second die of the die stack. The cap, for example, does not cover the
backside or the first surface of the second die of the die stack. Alternatively, the first surface of
the cap need not be co-planar with the first surface of the second die of the die stack. For
example, the first surface of the cap is above the backside surface of the second die of the die
stack, depending on the thickness of the adhesive layer which is disposed over the backside
surface of the second die as will be discussed later. The bottom surface of the cap is disposed on
the non-die region of the wiring substrate.
[0036] In one embodiment, a carrier 185 which is similar to the carrier as described in Fig. 1
is permanently disposed over the first surfaces of the cap and second die of the die stack. The

second surface 185b of the carrier at least contacts the first surface of the cap 190a while the first

surface 185a of the carrier is exposed. The second surface of the carrier, for example, covers
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300. Fig. 3a shows a wafer 301 having a first surface 301a and a second surface 301b. The wafer
serves as a substrate for forming a die 350. The first surface, for example, is an inactive surface 350a
while the second surface is an active surface 350b. Other designations of the surfaces may also be
useful. The wafer, for example, may be a silicon wafer. Other types of semiconductor wafers may also
be useful. In one embodiment, the wafer is processed to include a plurality of dies or chips. For

examplesgoplaialityy aheiebseripioaassed HT prr e ndibamader cHpisKatidbsitke yafaringiudes
three dies being processed in parallel. Providing a wafer with other number of dies or chips may also

be usefuthfOQBRMvEig FtetisdddeF GirquiksgRopeneotsieseeshaiitecyafanot sufestrateonthe circuit
components include, for example, transistors, resistors, capacitors and interconnections to form an IC.

A final passhediopayke Ry e Rrpeddesithadin Jdhednahpassimtianiayer §oblufigs openings to
expose die pads 355. The surface of the wafer or substrate which includes the openings to the die

pads mayrdatefiersediitas theaadtivie sevdageief theonaiesn{POER] baond endhedivaenty alsacidficial layer
377 is formed over the active surface of the wafer 30 Ib. The sacrificial layer is a temporary layer which

will subsggiedsty inebeenterete e sasiifitir dayes dariexandole: f&arathesivetheaigsiahddioer types
of sacrificial layer may also be useful. The sacrificial layer may be formed on the substrate using

various tgebnidiuesy & osexample, dhésagrdiaiahlayerboggs becaviceshtyispdiectating or lamination.

Other techniques Page 12 of 29
[0037] Figs. 3a-h show an embodiment of a method for forming a semiconductor package
300. Fig. 3a shows a wafer 301 having a first surface 301a and a second surface 301b. The
wafer serves as a substrate for forming a die 350. The first surface, for example, is an inactive
surface 350a while the second surface is an active surface 350b. Other designations of the
surfaces may also be useful. The wafer, for example, may be a silicon wafer. Other types of
semiconductor wafers may also be useful. In one embodiment, the wafer is processed to include
a plurality of dies or chips. For example, a plurality of dies are processed in parallel on the
wafer. Illustratively, the wafer includes three dies being processed in parallel. Providing a wafer
with other number of dies or chips may also be useful.
[0038] A die 350 includes circuit components formed on the wafer or substrate. The circuit
components include, for example, transistors, resistors, capacitors and interconnections to form
an IC. A final passivation layer may be formed over the die. The final passivation layer
includes openings to expose die pads 355. The surface of the wafer or substrate which includes
the openings to the die pads may be referred to as the active surface of the wafer.
[0039] In one embodiment, a sacrificial layer 377 is formed over the active surface of the
wafer 301b. The sacrificial layer is a temporary layer which will subsequently be removed. The
sacrificial layer, for example, is an adhesive material. Other types of sacrificial layer may also

be useful. The sacrificial layer may be formed on the substrate using various techniques. For

example, the sacrificial layer may be provided by spin coating or lamination. Other techniques

Page 12 of 29



for forming the sacrificial layer may also be useful. The technique, for example, may depend on the
type of sacrificial layer. In one embodiment, the sacrificial layer may be half-cured to be less tacky
during the encapsulation process. In other embodiments, the sacrificial layer remains tacky to improve
adhesion to a support carrier, if used. 100401 The process continues by dicing the wafer processed
with the dies and sacrificial layer over the active surface of the wafer. Dicing the wafer separates the

dies into fipdividuabdiesswititithel sagfiaisl Aayepovsstihe Betiveshidasefodneangibler |abegienaria the
sacrificial layer 377 may be formed over the active surfaces of the dies after dicing the wafer into

individuaftdiegcl&0dt liRetarraneriolfrighSmboeasiieit, 385 dadpravisiady¢n @rg maatémentobe easrier,
for example, is a permanent carrier or permanent support used for processing chip packages. The

carrier, inaeRe @rlagdimentaphambhesuticientlytrigididsgiients theupnoficiel peremaaaily hold the
dies and withstand further processing steps. For example, the carrier should be sufficiently rigid to

reduce ofapkguerinpaspageheliohipasspphiies @ierng dbelassembly process. Alternatively or in
addition, the carrier, for example, may also serve as a thermal conductor for dissipating heat from the

die of thqeRIMjcondurirjrrekagesiMie Ry ditiahor-linitingrexadudleitheheatite aitpsabefiialafer or a

conductive plate. For example, the wafer may include a silicon wafer and the conductive plate may

include aapetalvplate: Adakioysraibeoiyhes afematacials iy afer separates the dies into individual
dies with the sacrificial layer over the active surface. In another embodiment, the sacrificial
layer 377 may be formed over the active surfaces of the dies after dicing the wafer into
individual dies.
[0041] Referring to Fig. 3b, a carrier 385 is provided. In one embodiment, the carrier, for
example, is a permanent carrier or permanent support used for processing chip packages. The
carrier, in one embodiment, should be sufficiently rigid to serve as a support to permanently hold
the dies and withstand further processing steps. For example, the carrier should be sufficiently
rigid to reduce or prevent warpage of chip assemblies during the assembly process.
Alternatively or in addition, the carrier, for example, may also serve as a thermal conductor for
dissipating heat from the die of the semiconductor package. By way of a non-limiting example,
the carrier may be a wafer or a conductive plate. For example, the wafer may include a silicon
wafer and the conductive plate may include a metal plate. Various other types of materials may
be used to form the carrier.
[0042] The carrier includes a first surface 385b on which dies are processed to form
packages. The carrier can be configured in a strip format to process a row of dies. In other
embodiments, the carrier is configured to process a plurality of rows of dies. For example, the
carrier may have a panel format to form a 2 dimensional array of packages. Providing a carrier
configured in a wafer format to form a plurality of packages may also be useful. In some

embodiments, the carrier may be configured to form one package, for example, a single format.
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be used to form the carrier. 100421The carrier includes a first surface 385b on which dies are
processed to form packages. The carrier can be configured in a strip format to process a row of dies.
In other embodiments, the carrier is configured to process a plurality of rows of dies. For example, the
carrier may have a panel format to form a 2 dimensional array of packages. Providing a carrier
configured in a wafer format to form a plurality of packages may also be useful. In some embodiments,

the carrieminaybe CRmiguseikieiommyang farkade: oexaepie, ragineislasmathPpgr s of 29 The

type of format selected may depend on, for example, the requirements of the process, available

equipment Arb0st goNsidar aiieas: (ORGdbturinatively, the carrier is configured in a strip format with
three package regions or zones 380a-c for forming three packages. Providing a carrier with other

number qh@BIkagaagionsy fanaisioray @soheddseldlsipaskageviaginredslubes adgioregion and
a non-die region. The size of the package region is equal to about the size of a package. A die 350

coated with#he sacdfioiafdmieiesIRveopdtien aediversuifiace 3a0Hds withdieel ithiec st frgioigeFor
example, three dies 3501 _3 are attached to the die regions on the permanent carrier. [0044]In one
embodinegio@ oadhesivenddpak P bevidefd o Maptitkagu fede i ot dhel kareiao o frici ake dle
attachment. Other bonding techniques may also be useful for attaching the dies to the carrier. The
adhesivesctaoexampiezds priavisiet gl easbois thaugieorebiansheRilte Carpirskige perrdridttiyoaalding a
chip assembly thereto. In one embodiment, the adhesive is provided only in the die regions. In other
embodimgeitlishtheadficiaivaisr3ovisiechsubstantiatc o8 10 iwbhoie Hid ts titatie @8xnoffibe carrier.

[0045]In yet other embodiments, the adhesive 375 may be provided over the inactive
example, three dies 350,.3 are attached to the die regions on the permanent carrier.
[0044] In one embodiment, an adhesive 375 is provided on a first surface 385b of the carrier
to facilitate die attachment. Other bonding techniques may also be useful for attaching the dies
to the carrier. The adhesive, for example, is provided at least on the die regions on the carrier for
permanently holding a chip assembly thereto. In one embodiment, the adhesive is provided only
in the die regions. In other embodiments, the adhesive is provided substantially on the whole
first surface 385b of the carrier.
[0045] In yet other embodiments, the adhesive 375 may be provided over the inactive
surface of the wafer. The adhesive, for example, may be applied before or after dicing the wafer
into individual dies.
[0046] The adhesive can be any type of adhesive that provides permanent bonding of a chip
assembly to the chip assembly surface of the carrier. The adhesive 375, for example, may
include the same material as the sacrificial layer 377. In other embodiments, the adhesive 375
may include different material than the sacrificial layer. The adhesive may include any suitable
thickness so long as it could at least permanently bonds the dies and the carrier during
processing. The adhesive may be in different forms. For example, the adhesive may be a film,
paste, liquid or thermally conductive adhesive. The adhesive may be provided on the carrier or

inactive surface of the wafer or dies using various techniques. The technique employed may
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surface of the wafer. The adhesive, for example, may be applied before or after dicing the wafer into
individual dies. [0046]The adhesive can be any type of adhesive that provides permanent bonding of a
chip assembly to the chip assembly surface of the carrier. The adhesive 375, for example, may include
the same material as the sacrificial layer 377. In other embodiments, the adhesive 375 may include
different material than the sacrificial layer. The adhesive may include any suitable thickness so long as

it could aidpasdt peimaneBth handsithe dirraned thercauigplduiingPrAGessIOtal R pdhaaeomay be in
different forms. For example, the adhesive may be a film, paste, liquid or thermally conductive

adhesiveth beraenpgivenimadae Ppavidedhesivoercgrieprividagtietbe dacriobyhrinaieraridias using
various techniques. The technique employed may Page 14 of 29 depend on the type or form of the

adhesiveliqud ednesiie njaRepaciiasivenniiay daeriFayidpth (W dHaLC aPHEYi B laminaliesive pasie
adhesive may be provided on the carrier by printing while a liquid adhesive may be provided on the

carrier by spiercoating: Rigvidiogttheradhesiieondhg catiticfednaiclive suiface otthemafer or dies
using other technigues may also be useful. [0047]In one embodiment, the inactive surface 350a or

backside[od4np diemarecattashiithtattheedigceigions fatEss cavidyackorldigSiar diattachathtbdbeodie
regions using any suitable techniques according to the equipment and the type of the adhesive used.

[0048]Retferdiortgibig. cdaha €ap 9T is: vk et tatecicapsulatalibe:giess htiacap; siatteembodiment,
is disposed in the non-die region of the permanent carrier. For example, an encapsulation material is
dispenseddinfijudserspadasshetiveequiipendie anththa ey pentfatlindntsthe used.
[0048] Referring to Fig. 3c, a cap 390 is formed to encapsulate the dies. The cap, in one
embodiment, is disposed in the non-die region of the permanent carrier. For example, an
encapsulation material is dispensed to fill the spaces between the dies. In one embodiment, the
encapsulation is a mold compound, such as molding epoxy resin material. Providing other types
of encapsulation materials may also be useful.
[0049] The cap, in one embodiment, is formed by transfer molding techniques. In one
embodiment, the cap is formed by a film assisted transfer molding technique. For example, a
film 393 is placed against contours of a mold (not shown). In one embodiment, when the carrier
and the dies are placed against the mold, the film contacts the sacrificial layer on the active
surface of the dies, leaving spaces therebetween in the non-die regions. Encapsulation material,
such as a mold compound, is dispensed into the mold assembly, filling the spaces in the non-die
regions to form the cap. The sacrificial layer protects the active surface of the dies from the
encapsulation material. After molding, the molded panel of dies is separated from the mold.
The sacrificial layer also facilitates release of the molded panel from the molding tool. Other
techniques for forming the cap may also be useful. For example, the cap may also be formed by
printing or compression molding.

[0050] Removal of the mold leaves the plurality of dies attached to each other by the cap 390

and the carrier 385. The carrier provides additional mechanical support for the chips for further
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encapsulation is a mold compound, such as molding epoxy resin material. Providing other types of
encapsulation materials may also be useful. [0049]The cap, in one embodiment, is formed by transfer
molding techniques. In one embodiment, the cap is formed by a film assisted transfer molding
technique. For example, a film 393 is placed against contours of a mold (not shown). In one
embodiment, when the carrier and the dies are placed against the mold, the film contacts the sacrificial

layer on Piecastivie. SUHaser picthe ias clgavingnsRasesdiReiab etwesdna e thomM«iarfegio s the
Encapsulation material, such as a mold compound, is dispensed into the mold assembly, filling the

spaces igitie Fencdigigigions e Jormc®oaps fiecapesiticiahiayerif aie¢scihedadivierauiiaeecof the
dies from the encapsulation material. After molding, the molded panel of dies is separated from the

mold. ThessacsifitiallayenalsectasilitaieadeBrec ot sprinapidre manetiioontheysrddingntan actther
techniques for forming the cap may also be useful. For example, the cap may also be formed by

printing rcecdpessitoanolling.tiRABIRamavatiot Matedickieamasdhe hlusaptycelidieshattached to

each other by the cap 390 and the carrier 385. The carrier provides additional mechanical support for

the chipsctgidusihertiPagefits oir2&e of the die. For example, the first surface 390a of the cap is
disposed in a different plane than the backside surface 350a of the die, depending on the
thickness of the adhesive layer 375 which is disposed on the die region on the surface 385b of
the carrier. External heat sink or heat spreader (not shown) may also be attached to the backside
385a of the carrier to further improve heat dissipation.
[0051] Referring to Fig. 3d, the sacrificial layer 377 is removed. In one embodiment, the
sacrificial layer is removed by dissolving the layer with chemicals. For example, chemical
which preferably does not cause any damage to the second or active surface of the dies is used to
remove the sacrificial layer. Other techniques may also be used to remove the sacrificial layer.
The removal of the sacrificial layer exposes the active or second surface of the dies and the die
contact pads 355. A cleaning step may optionally be performed to clean the second surface of
the die and contact pads. For example, a solvent based cleaning step may be applied. Other
suitable cleaning techniques may also be useful.
[0052] In one embodiment, the second surface 390b of the cap is non-coplanar with the
active surface 350b of the dies. For example, the active surface of the die and the second surface
of the cap form a step 387. In one embodiment, the active surface of the dies is recessed below
the surface of the cap. The height of the step, for example, may be about the thickness of the
sacrificial layer. Other step heights may also be useful.
[0053] Providing a step between the active surface of the dies and cap surface alleviates

mechanical stress due to the difference between the thermal coefficient of the die and the mold

compound in the subsequently formed packages.
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processing. The surfaces of the cap, in one embodiment, are coplanar with the surfaces of the dies.
For example, a first surface 390a of the cap is coplanar with the backside or first surface 350a of the
dies and a second surface 390b is coplanar with the sacrificial layer 377 on the active or second
surface 350b of the dies. Alternatively, the first surface of the cap need not be coplanar with the first
surface of the die. For example, the first surface 390a of the cap is disposed in a different plane than

the backpeds gurfacendpesedstbenticucdapavding prithecthickness afiihprachesive dayeipi/S which is

disposed on the die region on the surface 385b of the carrier. External heat sink or heat spreader (not

shown) reaitialses e fatiachea oufheriagisided3thm gt theteasierie fuskage kubsave eatdissiation.

[0051]Referring to Fig. 3d, the sacrificial layer 377 is removed. In one embodiment, the sacrificial layer

is removait hiylcbissalvifigaitedayebibe ChesnicalsbbdinRxamplest chamieal wiishapsaigerilydees not
cause any damage to the second or active surface of the dies is used to remove the sacrificial layer.

Other teghoiqdes nayealsehe dseddofeneevp thd sacviiciatiayer. thbaissmpyvedafiiptesadtificial layer
exposes the active or second surface of the dies and the die contact pads 355. A cleaning step may

optionallylk&xpesirmstiio ilsasutkaaetond somfacs okthaclid andaconibticpagsnddtiBxample, a
solvent based cleaning step may be applied. Other suitable cleaning techniques may also be useful.

[0052]In rrresesnbodittentidhie second surface 390b of the cap is non-coplanar with the active surface
350b of the dies. For example, the active surface of the die and the second surface of the cap form a
step 387[0053he embondeaithdiacactive susfaabsohtbeagiesiayeeessritbelowibe Siéatielaltthe cap.
The height of the step, for example, may be about the thickness of the sacrificial layer. Other step
heights mayalie beanpeéuis [DIOpHET ovidiegaistequifetwee ththdiacivecstyfase dfithesdisg#nd cap
surface alleviates mechanical stress due to the difference between the thermal coefficient of the die
and the mglg acinpborte iksée sdhseticieottic e packabe depage d oo st HRABd h g rondss
continues to form a package substrate. The process, for example, continues to form a built-up or
integratesk wisifeg |gobsisaie.tddim@agkagepsubsitate, foimaxanepte, notu dehaidquuitifdayiepedisupshate. In
one embodiment, a first insulating substrate layer 313 is provided on the second surface of the cap
and activersistibseand theediasy kizo dxansgtid, a first surface 313a of the first substrate layer contacts the
second surface of the cap and fills the

[0056] Vias 315 are formed in the first substrate layer. The vias extend from a second

surface 313b through the first surface 313a to expose the die contact pads of the dies. In one

embodiment, the vias are formed by laser drilling. Other techniques, such as mechanical drilling

or RIE, are also useful. The vias may have tapered or straight profiles, depending on process

requirements and type of via formation method used. In one embodiment, the vias are formed

with a straight profile. Providing tapering profile (not shown) may also be useful. Particularly,

tapering of the sidewalls facilitates filling of the vias. For example, the tapered sidewalls

facilitates uniform material coverage of the sidewalls and base of the via which reduces

formation of voids.

[0057] Referring to Fig. 3f, the process continues to form conductive via contacts 330 and

traces 340 of the package substrate. In one embodiment, a conductive layer is formed on the first

substrate layer, covering the second surface thereof and filling the vias. The conductive layer,

for example, may be copper or a copper alloy. Other types of conductive materials may also be

useful. For example, other types of conductive materials may include aluminum, gold, nickel or
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recesses over the dies. [0055]In one embodiment, the first substrate layer may be a dielectric layer.
The dielectric layer, for example, is disposed on the active surface of the die. Other types of first
substrate layer may also be useful. The dielectric materials may be deposited via suitable techniques
such as wafer processing technologies, spin coating, printing, etc. Other techniques for depositing the
first substrate layer may also be useful. [0056]Vias 315 are formed in the first substrate layer. The vias

extend frpgpaisaancs suifageogkBbrEbrougt tediistisertaee BipddanKnadssythrig coptact pads of

the dies. In one embodiment, the vias are formed by laser drilling. Other techniques, such as

mechanieghailingl st hcaiedlsoclsafvlesthtaving maydeavairpedad eirairaigbbriefirs, ldegending

on process requirements and type of via formation method used. In one embodiment, the vias are

formed witihe: strieiphy ipkehilrls Brofsgingetaresiigpraiite {pat mhpwr) maysalsolhediseful. Particularly,
tapering of the sidewalls facilitates filling of the vias. For example, the tapered sidewalls facilitates

uniform matyiheavsree biythe midevalisandhasefathe i whidndeaurgsformation of voids.
[0057]Referring to Fig. 3f, the process continues to form conductive via contacts 330 and traces 340 of

the packagsspbstrake. Jarenanobdsirneniuaicenshativelayefoisnar e orR teplisshpabstiae layer,

covering the second surface thereof and filling the vias. The conductive layer,
masked layer prior to the plating process. Alternatively, the conductive layer may be patterned
to form conductive traces 340 coupled to the substrate via contacts 330 in the vias which are
coupled to the die pads of the same die. The conductive traces and the via contacts form
interconnect. Patterning of the conductive layer can be achieved by any suitable etching
techniques. For example, a patterned etch mask, such as photoresist, is provided over the
conductive layer. An etch may be performed using the etch mask to remove portions of the
conductive layer unprotected by the etch mask. The etch, for example, may be an isotropic etch,
such as a wet etch. An anisotropic etch, such as reactive ion etch (RIE) may be used. Other
techniques for patterning the conductive layer may also be useful.
[0059] After patterning the conductive layer, the mask is removed. The mask, for example,
may be removed by ashing. Other techniques for removing the mask may also be useful.
[0060] As shown in Fig. 3g, a second insulating substrate layer 317 having a first surface
317a and a second surface 317b is deposited on the first substrate layer, covering and filling the
spaces between conductive traces. The second substrate layer provides insulation between
conductive traces. A first surface 317a of the second substrate layer contacts the first substrate
layer. The second substrate layer serves as a contact mask. In one embodiment, the second
substrate is formed of a polymer. The second substrate layer, for example, may be formed by

spin-coating. Other types of dielectric materials and deposition techniques may also be useful

for forming the second substrate layer.
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for example, may be copper or a copper alloy. Other types of conductive materials may also be useful.
For example, other types of conductive materials may include aluminum, gold, nickel or Page 17 of 29
a combination or an alloy thereof The conductive layer may be formed by plating. For example,
electrochemical or electroless plating may be employed to form the conductive layer. Other suitable
methods of forming the conductive layer may also be used. In some embodiments, seed layers may
be used w10 formipgdduneenBiitivadpeas JRARPEIIerRaitesniat: opeaeneonduc\ jayer may be
formed with the help of a patterned masked layer prior to the plating process. Alternatively, the
conductiyerayey shaychemaitameadteJomcanduetivecinges a6 ponpteddentimsubpiaiepyia contacts
330 in the vias which are coupled to the die pads of the same die. The conductive traces and the via
contacts dertaditerchevasicRiaitemningaliie radueirdayeroambeopehieyembyrtauiabla atching
techniques. For example, a patterned etch mask, such as photoresist, is provided over the conductive
layer. Anggighdanen he foaifarBed s thegiehOiiasictantemaye perjonaef the conabetivefiayer
unprotected by the etch mask. The etch, for example, may be an isotropic etch, such as a wet etch. An
anisotrofj@ejh, sualoas ¢edcdvedan pickads|e) snriubevieseds QEserrtelrmicties fig paitsuding the
conductive layer may also be useful. 100591After patterning the conductive layer, the mask is
removedpdifiennaskhdebadacipleiratay 1w rembeed by Bighisly. Gikekteaboditratahegmadgg the
mask may also be useful. 100601As shown in Fig. 3g, a second insulating substrate layer 317 having
a first sugadeiddlddcancbadircondmiwiate Bloie isntepisitad dre hirliist pubstiateclayarcbofafing and
filling the spaces between conductive traces. The second substrate layer provides insulation between
conductive ttiaopsnidi sif shirfdiet-ticd Dt tey 20adngd suplatiatetéaliriquentadthdng prsbsubstrate layer.
The second substrate layer serves as a contact mask. In one embodiment, the second substrate is
formed of@padyineemaifiéatecondisibpsisateayenstdrtexXamptie ovayabegatsnechby eplnecoatpags Other
types of dielectric materials and deposition techniques may also be useful for forming the second
substratedayeimpROailddptaseconitth substiateciayetrie gatiarotdterbiodi centacthepenigsi 34 Paids
expose portions of the conductive traces. The contact openings correspond to locations of package
contacts inhthiadede pondudiiey packagec padex@mplenduetoenpads apgrindsrthaydoecactang@d in a grid
pattern to form a BGA type package. Other contact opening patterns may also be useful. 100621In
one embadifaenirq@ackagematetahduchve Pattso368rerel fierooetdmothdaxosed portions of the
conductive traces 340, as shown in Fig. 3h. In one embodiment, the package pads include a
conductiy@deiteriall Ha moecsstvadimentythier pack agekpadsartecse Biliethfopaadgds dfichopenings of
the dielectric layer by coating or plating techniques. Other types of conductive materials or techniques
may be yseldgeforskihas sonactnpags 3ThE @oncduagticethadscfogexamyais, aedoopddrar théth the
conductive traces. In other embodiments, the conductive pads may include protruding conductive
pads. Thpachagiugtide3ddds thayimniyshditbo perkdgwibinsksUFfaceapkogectionaniatériatx supheas@SP or
a metallic coating or plating.

include spherical shaped structures or balls arranged in grid pattern to form a BGA type package.

The package contacts are formed of a conductive material. The package contacts, in one
embodiment, can be formed from solder. Various types of solder can be used to form the
package contacts. For example, the solder can be a lead-based or non lead-based solder.

[0064] In some embodiments, other types of package contacts are formed in the openings.
For example, the package contacts may include contacts which do not protrude from the bottom
surface of the second substrate layer. Providing package contacts which do not protrude from
the bottom surface of the second substrate layer, such as solder lands, may also be useful. The

package contacts may be formed of materials other than solder or using other techniques.
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100631The process continues by forming package contacts 370 in the openings of the package mask,
as shown in Fig. 3h. For example, the package contacts are formed on the package pads 368 in the
openings of the package mask. The package contacts, for example, may include spherical shaped
structures or balls arranged in grid pattern to form a BGA type package. The package contacts are
formed of a conductive material. The package contacts, in one embodiment, can be formed from

solder. V@yiess types wit seldeesdodmesediie fadrathecpaskaon somacts &ppexaimpe off@rplder can
be a lead-based or non lead-based solder. 100641In some embodiments, other types of package

contacts aid frmed Hd tikoaRgNIMES serofXxaphdep it PRekpaaERacts mMay dachededtnptrciferhich

do not protrude from the bottom surface of the second substrate layer. Providing package contacts

which dorgoéwroteste fropp e datom sicfaaaiob ihecsacont stbsitatailryaigsehidchseldeidands,
may also be useful. The package contacts may be formed of materials other than solder or using other

techniquesifck@0&bida fyeleaiheloanpestimeatsGible paakagepooiasts ey naldidaagoppastmliarseor
gold stud bumps (not shown). The use of copper pillars is advantageous as they do not collapse after

reflow. Hesdeinceppaicpidarsiehadiie sepiicanductorpritkape withtheueb-tghipfepiioh antliimgre uniform
standoff height to be produced. Gold stud bumps, on the other hand, may sometimes be used in

conjunctigetiitly anirdiseit gansiditve ankRasvé anddbarma-tampiedsianiyeldingvearethogadly
achieve tight pitches. This is advantageous as it allows IC chips that were originally designed with
peripheralkbignddoaila peiepliad] fesndipadondinged bewised@asiflip ahirsusadhsritipithipe. typdsrof
package contacts may also be used. 100661The process continues to singulate the structure to form
individuadserbiconsbsciop pacisegeatds shehaRsbausenductor package such as that shown in Fig. 1 is
formed. 100671Figs. 4a-c show another embodiment of a process for forming a semiconductor
[0066] The process continues to singulate the structure to form individual semiconductor
packages. As such, a semiconductor package such as that shown in Fig. 1 is formed.
[0067] Figs. 4a-c show another embodiment of a process for forming a semiconductor
package 400. The process is similar to that described in Figs. 3a-h. As such, common elements
may not be described or described in detail. Referring to Fig. 4a, a wafer 401 having a die stack
arrangement is provided. In one embodiment, the wafer is processed to include a plurality of die
stacks 410.
[0068] A die stack includes n number of dies, where n is > 2. The bottom die, for example,
may be referred to as the first (e.g., n = 1) and the top die is equal to n. Designating the dies of
the die stacks using other conventions may also be useful. The die stack, for example, may be
formed by any suitable types of die stacking methods. As shown, the die stack includes first and
second dies 450, and 450,. The second die 450, is attached onto the first die 450, and the first
die is attached to the die region of a wiring substrate. Dies used for the die stack may be TSV or
non-TSV dies. In one embodiment, both the top and bottom dies may be TSV dies. In yet
another embodiment, the bottom die may include a TSV die and top die may include a non-TSV

die. Non-TSV die, for example, may include wire bonded, direct connection, flip chip die, etc.

For die stacks having more than 2 dies, the lower dies (bottom and intermediate dies except the

Page 20 of 29



package 400. The process is similar to that described in Figs. 3a-h. As such, common elements may
not be described or described in detail. Referring to Fig. 4a, a wafer 401 having a die stack
arrangement is provided. In one embodiment, the wafer is processed to include a plurality of die stacks
410. 100681A die stack includes n number of dies, where n is > 2. The bottom die, for example, may
be referred to as the first (e.g., n = 1) and the top die is equal to n. Designating the dies of the die

stacks uspoIher-GRIMANTIIEN Maywaisle b uselib Mbe ke sackJoraxamale; faayihedesmest by any

suitable types of die stacking methods. As shown, the die stack includes first and second dies 4501

and 4502y sarend digidsadkimatiashescantaithe first die 450i, and the first die is attached to the
die region of a wiring substrate. Dies used for the die stack may be TSV or non-TSV dies. In one

embodinjeosdtpoth thea sop @vdndnitefitieannaydeaday diestfHrdet Sactherpnmadimenrt the bottom
die may include a TSV die and top die may include a non-TSV die. Non-TSV die, for example, may

include wirehkRpdiet, disechermnesliand file cbipridiengts. Juefadicisihcks havdhd dioseniaan 23dies, the
lower dies (bottom and intermediate dies except the Page 20 of 29 top die) are usually TSV dies while

the top dighendiy bentaONfIrSYAliplO e drordigasapansvaiities otdiendia div-paakmiah also be
useful. 100691A TSV die includes first and second major surfaces 450a-b. The first surface
first and second major surfaces of the TSV die. Providing surfaces of the contact pads which are
not co-planar with the surfaces of the die may also be useful. Other configurations of die
contacts or die contact pads may also be useful. The first and second die contacts are
interconnected by through via contacts 430. Other configurations of TSV dies may also be
useful. The via contacts and the contact pads, for example, are formed of a conductive material.
The conductive material, for example, may include copper. Other types of conductive material
may also be used for the via contacts and contact pads.
[0070] As shown in Fig. 4a, the first die contacts 433 are mated with the second die of the
die stack. In one embodiment, a die attach film or an underfill 417 can be provided in the cavity
formed between the dies to facilitate stacking and to protect bonding contacts 440 which couple
the conductive die pads 355 of the second die with the first die contacts 433 of the first die. For
the case where more than two dies are used to form the die stack, the bottom and intermediate
dies may be TSV dies. Other types of dies may also be used for the bottom and intermediate
dies. The second die contacts of the n™+ 1 die above is connected to the first die contacts of the
n™ die below.
[0071] In one embodiment, a sacrificial layer 377 is formed over the second major surface
450Db of the first die 450, of the die stack or the wafer 401.
[0072] The process continues by dicing the wafer processed with the die stacks and

sacrificial layer over the second surface of the wafer. Dicing the wafer separates the die stack

into individual die stacks 410;_;. Although three die stacks are shown in Fig. 4b, it is understood
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includes first die contacts 433 and the second major surface includes second die contacts 435. The
die contacts, for example, are die contact pads which have top surfaces co-planar with the first and
second major surfaces of the TSV die. Providing surfaces of the contact pads which are not co-planar
with the surfaces of the die may also be useful. Other configurations of die contacts or die contact
pads may also be useful. The first and second die contacts are interconnected by through via contacts

430. OthgiaeetHiguiatinesAfdSMacieninpyisdsechedisedlwithanda Lemmaeisand dherepataebpads, for
example, are formed of a conductive material. The conductive material, for example, may include

copper. QibReéyFED Of ¢anduiet venbratiaiial iy alseraUpgdfer thaaidcpriartsdaret caniagtpads.
10070]As shown in Fig. 4a, the first die contacts 433 are mated with the second die of the die stack. In

one embadigdnto andigidtiaichidibladisan underfill 417 can be provided in the cavity formed between the
dies to facilitate stacking and to protect bonding contacts 440 which couple the conductive die pads

355 of thperspnd diefwiihdhe First 4ietbopiacts 4i3tf thaifirstdie. &sahihdwgagbaahieEmabe ffsan two
dies are used to form the die stack, the bottom and intermediate dies may be TSV dies. Other types of

dies mayegisophe useditorngeHotionandhiriesnediaie dies. siifacse3sincdodib comntaetssqgrthedath+ 1 die
above is connected to the first die contacts of the nth die below. 10071]in one embodiment, a

sacrificialayensdié sdsksnad ovardite secanddieaiati s iacenhd obhrief. the diisteaie Abttaf the die stack

or the wafer 401.
backsides or first surfaces 350a of the second dies of the die stacks are attached to and contact
the die regions having adhesive 375 of the carrier 385. The die stacks are attached to the die
regions using any suitable techniques according to the equipment and the type of adhesive used.
In one embodiment, the carrier serves as a permanent carrier or permanent support used for
processing chip packages. The carrier, in one embodiment, should be sufficiently rigid to serve
as a permanent support for holding the die stack during assembly. Alternatively or in addition,
the carrier, for example, may also serve as a thermal conductor for dissipating heat from the die
stack of the semiconductor package. By way of non-limiting example, the carrier may include a
wafer or a conductive plate. For example, the wafer may include a silicon wafer and the
conductive plate may include a metal plate. Other suitable types of materials may also be used
to form the carrier.
[0074] In one embodiment, the adhesive 375 is provided on a first surface of the carrier to
facilitate the die stack attachment. Other bonding techniques may also be used for permanently
bonding the die stack to the carrier. The adhesive, for example, is provided in at least the die
regions on the carrier for permanently holding the chip assembly thereto. In one embodiment,
the adhesive is provided on the die regions of the carrier. In other embodiments, the adhesive is
provided on the whole first surface of the carrier.

[0075] In yet other embodiments, the adhesive 375 may be provided over the first surface of

the wafer. The adhesive, for example, may be applied before or after dicing the wafer into
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100721The process continues by dicing the wafer processed with the die stacks and sacrificial layer
over the second surface of the wafer. Dicing the wafer separates the die stack into individual die
stacks 4101 3. Although three die stacks are shown in Fig. 4b, it is understood Page 21 of 29 that
other number of die stacks may also be provided with the sacrificial layer over the second surface
450b. In another embodiment, the sacrificial layer 377 may be provided after dicing the wafer into

individuaiidi igiagks e [AIGIRESe Bkaeh e e 40h E8R PIRSLES ipFlicl sk Siaga A thiaueasesibed in

Fig. 3b. For example, a carrier 385 having an adhesive 375 on a first surface 385b of the carrier is

provided3sih dhendis-stacksidlirkh3 @taeiigd. to the die regions on the carrier. In one embodiment, the
backsides or first surfaces 350a of the second dies of the die stacks are attached to and contact the

die regiofgheying anbesivess Comiie earian 3&ap B8 diskiaakmary atiacheshtochbddignkegions
using any suitable techniques according to the equipment and the type of adhesive used. In one

embodimaptistierealier SeeMesasl aipanmaneilt caniler @ ther Maoabésuppat tsethfendgrocessing chip
packages. The carrier, in one embodiment, should be sufficiently rigid to serve as a permanent support
for holdirgntheiniestablk caying assaetiiesAfansativelyds ins additiom tig. crrrier, for example, may
also serve as a thermal conductor for dissipating heat from the die stack of the semiconductor

package[@yWay oAfien{immiing txaaigltetpeocassiesiriayel)clisiend avafacRrideaoindtigtive phdte. For
example, the wafer may include a silicon wafer and the conductive plate may include a metal plate.
Other suiakladyp&sof-maissaibapaycalsedirinisaotéadarn teentariidrc i ingens émbdsiment, the
adhesive 375 is provided on a first surface of the carrier to facilitate the die stack attachment. Other
bonding tEghriqued oiayaadsaibie! usechfosmiinapackycb an diag tibe dia Gtack dovthin CagrierisThe
adhesive, for example, is provided in at least the die regions on the carrier for permanently holding the
chip assemaldiyctdereto. In one embodiment, the adhesive is provided on the die regions of the carrier.
In other embodiments, the adhesive is provided on the whole first surface of the carrier. [0075]In yet
other emppddBhentsTibeadbasiveddsaibmlviehpropide cbdigs. the-isidbigacéaad, tesultaf@r. The
adhesive, for example, may be applied before or after dicing the wafer into Page 22 of 29

advantages. For example, the sacrificial layer is used to protect the second major surface or

active surface of the die or die stack from contamination during molding. Furthermore, the

sacrificial layer serves as a temporary coating which is removed after molding such that a recess

is created over the second surface of the die or die stack to alleviate mechanical stress arising

from the thermal mismatch between the mold compound and the die or die stack. Also, the

process allows various molding techniques such as printing, transfer and compression molding to

be used to form the cap.

[0079] Although only one conductive via and trace level is formed and coupled to the die

pads of the same die in the package substrate, it is understood that additional conductive via and

trace levels may be included. For example, the first substrate layer may include a plurality of

first sub-layers. The process therefore enables multiple wiring structures to be built up in the

package substrate as compared to existing wafer based fan-out processes that are limited to only

a single metal layer fan-out structures. Furthermore, since the cap serves as a mechanical

support for the dies to form package substrate thereon and the resultant structure is in the form of

a panel or strip, substrate processes may be used to form the redistribution structures on the
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individual die stacks. For example, the adhesive may be applied to backsides or first surfaces 350a of

the second dies of the die stacks. [0076]The process continues to form a cap 390 as shown in Fig. 4c.
In one embodiment, the cap is formed of an encapsulation material, similar to that described in Fig. 3c.
In one embodiment, the cap covers the sides of the die stacks as shown in Fig. 4c. [0077]After forming
the cap, the process continues, as similarly described in Fig. 3d and onwards. For example, the

process geidasieivnhe RN RackaAs RS HDRE BUFESIage-ashan¥aIRs 458 a
semiconductor package as described and as shown in Fig. 2 is produced. [0078]The process, as

describegdrwitht iesResi R rigsirda- Mmandakigss da-aceasulisdpiadvaniagrnt honexamplebedsacrificial
layer is used to protect the second major surface or active surface of the die or die stack from

contaminatessslugingmealding. Furthermore, the sacrificial layer serves as a temporary coating which is
removed after molding such that a recess is created over the second surface of the die or die stack to
alleviate jpggijanicah siesmHa N galioen dh adheivealseriamaichpeaiwaeit taerinold sampeeiid and the

die or die stack. Also, the process allows various molding technigues such as printing, transfer and
compressippdndisinglthdethiseaid & testibe ¢adng assembly. As such, the permanent carrier
provides additional support for the die or die stacks during assembly and during formation of the
redistribution structures on the active surfaces of the dies. Moreover, the carrier remains as part
of the packaged structure. As such, the process for forming a semiconductor package is
simplified since the steps of removing the carrier and adhesive from the carrier are eliminated.
In addition, depending on the material used for the carrier, the permanent carrier may also serve
as a thermal conductor for dissipating heat from the die or die stack of the semiconductor
package. The permanent carrier thus enables a semiconductor package with enhanced heat
dissipation to be produced.
[0081] Furthermore, the permanent adhesive which is used to at least bond the carrier and the
dies avoids problems such as resin bleed and also prevents the dies from shifting during the
molding process to form the cap. Additionally, the process for forming a semiconductor package
is further simplified since no additional process steps are required to remove extra encapsulation
material for exposing the first or second surface of the dies for further processing.
[0082] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein.
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[0079]Although only one conductive via and trace level is formed and coupled to the die pads of the
same die in the package substrate, it is understood that additional conductive via and trace levels may
be included. For example, the first substrate layer may include a plurality of first sub-layers. The
process therefore enables multiple wiring structures to be built up in the package substrate as
compared to existing wafer based fan-out processes that are limited to only a single metal layer
fan-out stiugGiuiesafrgthgrmore, since the cap serves as a mechanical support for the dies to form
package substrate thereon and the resultant structure is in the form of a panel or strip, substrate
processes may be used to form the redistributioncgtipitges on the Page 23 of 29 active surfaces of
the dies. As such, conventional wafer redistribution layers forming processes are not necessarily
required.|This axaigalbe foegstiingapitahicveiicientiokagwonaisisiased process equipment.
100801In addition, the carrier as described serves as a permanent carrier or permanent support for
holding the die prdlirlisiaakldaringasrambiyg Asssual stieHiesimpoestierien fHovidesdg ditional
support for the die or die stacks during assembly and during formation of the redistribution structures
on the agtivelisUHéaedssaf pherslies oMeighigivdpadiarrier remains as part of the packaged structure. As
such, the process for forming a semiconductor package is simplified since the steps of removing the
carrier and adhesivediigna fremaitier areialiaidatedhinadditio kadepanding ahctpermatettalaised for
the carrier, the permanent carrier may also serve as a thermal conductor for dissipating heat from the
die or diexstaeknahth@rsenmiteedifcier packagac GheipermnangpteaniaicthuaeiRalad a semiconductor
package with enhanced heat dissipation to be produced. 100811Furthermore, the permanent adhesive
which is used td@hlaash bap tdhia g firveimnd tbadiesfaitdsdpraplaing shchtdsakesimckized and also
prevents the dies from shifting during the molding process to form the cap. Additionally, the process for
forming avbersiaaheltictospdakagihs tafihensioaptiicpksimae o adtditi ondt i ccassisiepscare teeuired to
remove extra encapsulation material for exposing the first or second surface of the dies for further
processingp is disposed at a different plane than the second surface of the die.

2. The method of claim 1 comprising providing an adhesive on a first surface of the carrier.

3. The method of claim 2 wherein the adhesive is provided at least on a die region on the

first surface of the carrier for permanently holding the at least one die to the carrier.

4. The method of claim 1 comprising providing an adhesive on the first surface of the die.

5. The method of claim 1 wherein the adhesive comprises a film, paste, liquid or thermally

conductive adhesive.

6. The method of claim 1 wherein the permanent carrier includes a wafer or a conductive

plate.
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100821The invention may be embodied in other specific forms without departing from the spirit or
essential characteristics thereof The foregoing embodiments, therefore, are to be considered in all
respects illustrative rather than limiting the invention described herein. What is claimed is: CLAIMS 1.
A method for forming a semiconductor package comprising: providing at least one die having first
and second surfaces, wherein the second surface of the die includes a plurality of conductive pads;

providing7a permpaakadrigiclang pikaching dhecaileast anediete e patvasenican @rriwhgrein the
first surface of the at least one die is facing the permanent carrier; and forming a cap having first

and secqnglfstifepsiée torfoapstate the at least one die, wherein the first surface of the cap contacts
the permanent carrier and the second surface of the cap is disposed at a different plane than the
second surface of the die. 2. The method of claim 1 comprising providing an adhesive on a first
surface of the carrier. 3. The method of claim 2 wherein the adhesive is provided at least on a die

region orgthe firshsuitlieedafftbRiealriesiPriprigtonantly halding astleastone diededieceaTide 4.
The method of claim 1 comprising providing an adhesive on the first surface of the die. 5. The method
of claim itwdhaereinethie.adhesive comprises a film, paste, liquid or thermally conductive adhesive.

9. The method of claim 8 comprising removing the sacrificial layer after forming the cap.

10. The method of claim 1 wherein the cap is formed by a molding technique comprising

transfer molding or compression molding.

11.  The method of claim 1 comprising forming a built-up package substrate having an
interconnect on a second surface of the at least one die, wherein the interconnect couples to

conductive pads of the same die.

12. The method of claim 10 wherein forming the built-up package substrate includes:
providing a first patterned substrate layer having vias on the second surface of the at least
one die; and
forming the interconnect includes
providing a conductive layer over a surface of the substrate layer to form
conductive traces and substrate via contacts in the vias, wherein the conductive traces and

the contacts are coupled to the conductive pads of the same die.

13. A method for forming a semiconductor package comprising:
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6. The method of claim 1 wherein the permanent carrier includes a wafer or a conductive plate.
performed prior to forming the cap. 8. The method of claim 1 comprising forming a sacrificial layer on
the second surface of the at least one die. 9. The method of claim 8 comprising removing the
sacrificial layer after forming the cap. 10. The method of claim 1 wherein the cap is formed by a
molding technique comprising transfer molding or compression molding. 11. The method of claim 1
comprising fornyng Rifdiktugapaskadie sUbRhaleNRavInG AN iBterePRnetlona s SuEtage of the at
least one die, wherein the interconnect couples to conductive pads of the same die. 12. The method of
claim 10 yyhreeipffeieningsthekhndtadpspaskagasubstiatadiiciusias; providing a first patterned substrate
layer having vias on the second surface of the at least one die; and forming the interconnect includes
providing a congristiden oy peaueichseiiaes MdResinsy aie dayeistohoracentuctive facemand
substrate via contacts in the vias, wherein the conductive traces and the contacts are coupled to the
conductiverpiatsyokibimn sarfa diaurtdAoneihaol dast foneing sk Micant ciorpackage COMPSINgY:
providing at least one die stack having first and second surfaces, wherein the second surface of the
die stack includesaipiusalify kivdapditetivadacsiad surfaces to encapsulate the at least one die stack,

wherein the first surface of the cap contacts the permanent carrier and the second surface of the

cap is disposed at a different plane than the second surface of the die stack.

14. The method of claim 13 comprising providing an adhesive on a first surface of the
carrier.
15.  The method of claim 14 wherein the adhesive is provided at least on a die region on the

first surface of the carrier for permanently holding the at least one die stack to the carrier.

16. The method of claim 13 comprising providing an adhesive on the first surface of the die
stack.
17.  The method of claim 13 wherein the adhesive comprises a film, paste, liquid or thermally

conductive adhesive.

18. The method of claim 13 wherein the permanent carrier includes a wafer or a conductive
plate.
19. The method of claim 13 wherein attaching the at least one die stack to the permanent

carrier is performed prior to forming the cap.

Page 27 of 29



providing a permanent carrier, and attaching the at least one die stack to the permanent carrier,
wherein the first surface of the at least one die stack is facing the permanent carrier; and forming a
cap having first and second surfaces to encapsulate the at least one die stack, wherein the first
surface of the cap contacts the permanent carrier and the second surface of the cap is disposed at a
different plane than the second surface of the die stack. 14. The method of claim 13 comprising
providing an adhesive on a first surface of the carrier. 15. The method of claim 14 wherein the
adhesive is provided at least on a die region on the first surface of the carrier for permanently holding
the at leass. oneTlie slagkdotheagariecohfrifing roating OfaaimidBlopmprisiegaendding=ee edhesive
on the first surface of the die stack. 17. The method of claim 13 wherein the adhesive comprises a
film, pasi@e ligudsooiaenimaiiciconductive adhesive. 18. The method of claim 13 wherein the
permanent carrier includes a wafer or a conductive plate. 19. The method of claim 13 wherein
attaching the at least one die stack to the permanent carrier is performed prior to forming the cap.
Page 27 of 29 the at least one die stack.
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