SEMICONDUCTOR PACKAGES AND METHODS OF PACKAGING SEMICONDUCTOR DEVICES
CROSS-REFERENCE TO RELATED APPLICATION [0001]This application claims 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 is herein incorporated by reference for all
purposes. BACKGROUND [0002]Industry fan-out solutions involve high capital investment costs for

new wafer redistriggindayR DIRDLD&REACKPICE BB MV EETTHE DIOCH PR RIAGINENt for
compression molding system and retrofit kits are required to enable wafer handling in the pick and

place system for fan-out solutions. [OGEINFICT ONDUTTORMEEEDOoVEe mentioned expenses, it is
desirable to improve fan- out semiconductor packaging processes which are able to utilize existing

equipment tools and proceSSROSSCRIEET: RN cErMEN RFATAMEReAIFI 00hIaloNons. Additionally, it is
desirable to produce fan-out semiconductor packages having very thin package profile, higher 1/0

counts fqoogifer levelichippEcalidpackagipgortihonUttittevslated stsiasiioall aypiscaticnaossibly system in
package applications. SUMMARY [0004]Embodiments relate generally to semiconductor packages. In

one embetimers7 adnetiead Fanieddid e semicanduckas packageispesePiactsddse medhad includes
providing at least one die having first and second surfaces, wherein the second surface of the die

includes B @lerigdity 1f, Qonduativehiadsreih éntoepoesal 3y iRclices Poodldingosagpport carrier and
attaching the at least one die to the support carrier. The first surface of the at least one die is facing
the support carrier. A cap having first and se@aaISGRAEESS formed to encapsulate the at least one
[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.
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, wherein the second surface of the die includes a
plurality of conductive pads. The method also includes providing a support carrier and attaching

the at least one die to the support carrier. The first surface of the at least one die is facing the

support carrier. A cap having first and second surfaces is formed to encapsulate the at least one
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die. 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 having first and second surfaces. The second surface
of the die stack includes a plurality of conductive pads. A cap having first and second surfaces is
provided to encapsulate the at least one die stack. The second surface of the cap is disposed at a
different giangibasctirl seraoe suHaeepok tiepdiestackdithedmeihad alse dncledesdonntiog &f ilt-up
package substrate having an interconnect on the second surface of the die stack. The interconnect
couples @ighe conductive pads of the same die stack. [0006]In another embodiment, a semiconductor
package is disclosed. The semiconductor package includes at least one die having first and second
surfaces[djosseconchabifReernbsamibiet iachidrsdr@l yoatiih g hoentducivecpadacie semicanddctor
package includes a cap having first and second surfaces to encapsulate the at least one die. The
second sTitegrbthadapds slispasghatadifierant planehthancthiessec@pecsuitfacaebiherdie. The
package further includes a built-up package substrate having an interconnect on the second surface of
the at leastonesdigadehss htedconacktasupies iplihaisoatitsitia paspsaktha samedie fRe0Ajth yet
another embodiment, a semiconductor package is presented. The semiconductor package includes at
least onaelienstackimyingfissiduddsecandisudaneat Tdast saealid sutkacthefdhetiastack vTaldes a
plurality of conductive pads. The semiconductor package includes a cap having first and second
surfacesdapandapputatatthdidfcleaspine tienstackecbhe sacasrtbsiitadie ehite Tap indispasgdsd at a
different plane than the second surface of the die stack. The package further includes a built-up
packageisuhslaterlnsiving bulinberpackagetsabsingskening suitface aitbe ah idesicooeddiergiacks The
interconnect couples to the conductive pads of the same die stack. [0008]These embodiments, along
with othathadvastage sSTandrieatunasdietiplcisclosachndilthecpnde apiharemi¢ntieugitkeference to the
following description and the accompanying drawings. Furthermore, it is to be understood that the
features [ff0D@ variduseniiodimenisidescribed beréintargadiaptividily lexalusite andicamdaxist in
various combinations and permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0009]In the
drawinggditkeagefiardnds ahbratiats dgenenrdlly fefentol tresaiserfars thieughond thefattferttht dews.
Also, the drawings are not necessarily to scale, emphasis instead generally being placed upon
illustrating¢hel grinplplaktgfdheoimientienakts t HEhto Hawicgn destori pticks geainolisl enalmagimeiig 6fthe
present invention are described with reference to the following drawings, in which: [0010]Figs. la-b and
Fig. 2 shawd secinubseniivedimentapiitasetincohcuctarepdickdde; sendniOdrTEgst Ba-baFigdispasdd Figs.
5a-b, Figs. 6a-e, Fig. 7 and Figs. 8a-b show various

at a different plane than the second surface of the die. The package further includes a built-up

package substrate having an interconnect on the second surface of the at least one die. The
interconnect couples to the conductive pads of the same die.

[0007] In yet another embodiment, a semiconductor package is presented. The
semiconductor package includes at least one die stack having first and second surfaces. The
second surface of the die stack includes a plurality of conductive pads. The semiconductor
package includes a cap having first and second surfaces to encapsulate the at least one die stack.
The second surface of the cap is disposed at a different plane than the second surface of the die
stack. The package further includes a built-up package substrate having an interconnect on the
second surface of the at least one die stack. The interconnect couples to the conductive pads of

the same die stack.
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embodiments of a method for forming a semiconductor package. DESCRIPTION [0012]Embodiments
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, [Higiig] SignaldeeQsabsaTH RS RN SWGHRGINEQIBIS taYsiemMddBaaiRShERE Sk as welhag other

types of devices or a combination thereof Such packages may be incorporated into electronic products

or equipP&idmsUpHasHRIRREhGersRIer foas iRl asimofiie apsbmanilensmass RREY RS dhcarrating
the packages into other types of products may also be useful. [0013]Figs. la-b show simplified

cross-seclighahvienwsiok diffesentdenbedimants gt asesicandusionpastrgend i wikcateartiorif' in
greater detail. The package includes a built-up or integrated wiring substrate 110. The wiring substrate

includes fitshanchaaenndrorisiv suraces d<idt andatibds Thabiisitivajendpéaeatdosexample, may be
referred to as the top surface and the second major surface, for example, may be referred to as the
bottom surface. Other designations for the surfaces may also be useful. In one embodiment, 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 regionBRIWRIDE SCiR¢PIHOS o HMedsawieNerscond region, for example, is
a non-die region. In one embodiment, the non-die region surrounds the die region. The die region, for
example[@0a9]be disphsdehiniagselikiatdfortitue ohavhictrdherdiallpefsrnothteshanshasbrodighsagion
111b which is outside of the die attach region. The die region, for example, may be concentrically
disposediwitlifiiciieatpesipheniwf, the driinia st ratienOthearrtondigeukiiens bidid anddgendiglegion
may also be useful. [0014]The die can be a semiconductor die or chip. The die, for example, may be
any typetafing 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:

[0010] Figs. l1a-b and Fig. 2 show various embodiments of a semiconductor package; and

[0011] Figs. 3a-k, Figs. 4a-d, Figs. 5a-b, Figs. 6a-¢, Fig. 7 and Figs. 8a-b show various

embodiments of a method for forming a semiconductor package.

DESCRIPTION

[0012] Embodiments 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 well as other types of devices or a

combination thereof. Such packages may be incorporated into electronic products or equipment,

such as phones, computers as well as mobile and mobile smart products. Incorporating the

packages into other types of products may also be useful.
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integrated circuit (IC), such as a memory device such as a dynamic random access memory (DRAM),
a static random access memory (SRAM) and various types of non-volatile memories including
programmable read-only memories (PROM) and flash memories, an optoelectronic device, a logic
device, a communication device, a digital signal processor (DSP), a microcontroller, a system-on-chip,
as well as other types of devices. [0015]The die includes a first surface 150a and a second major

surface ¥60D3]The fiigt sLifacRo iRk RXAMPLEcISsaRdBAGHNE QIWIAEKg ferehthmBligiiansthersecond

surface is an active surface of the die. Other designations for the surfaces of the die may also be

useful. Tharaetiveustsfpaelabthrdie gratpstadhendin waits abifie Wikngasubstraigudbheaaativenpurface,
for example, includes openings in a final passivation layer to expose conductive die pads 155. The

surfaces gfithegesod waiiig didpads, 1oy, ERppiaingraisithstanialecoplanad withibensqsiongthage 4 of
30 major surface 150b of the die. Providing surfaces of the conductive pads which are not coplanar

with the secamd majomsdrfasensdjthe it doaiaésabplelsafiyl bE hefelie pasdssphevisieseenoeatidnbdo the
circuitry of the die. The die pads, for example, are formed of a conductive material, such as copper,

aluminunse @old nipkehefalofis tharmpleOthsr iy pef 0t CanaitivBomatesialtioay atherkir igestitasthe
die pads. The pattern of the die pads may be one or more rows disposed at a center or at opposing

sides of tfoe thetiverscefangy albocsepadnattBnse sucbodighid dicnfiattixnajsangemeoisheayralgo be
useful. [0016]In one embodiment, the wiring substrate includes a multi-layered substrate. The
multi-layeu@etsitb ithidesTioniemdhssosth ssgioinciudasbiirshami secgiod, insudating subsirdiedaykis 113
and 117. The first layer includes first 113a and second surfaces 113b. The first surface may be
referred tegisiloa topiduafdtelandsthe seednmhétiitace mnaydeeore ffiredainms, he notialir seiface IDther
designations for the surfaces of the first layer may also be useful. The first surface contacts the die. In
one embogkramibydhechitstiayenidiudgs ihvaugimdiatkodiactgibd0 Whicheaxignd, fanexheplestsurface
to the second surface of the first layer. The via contacts are formed of a conductive material. For
examplebthéspeseadniiactemal/ foetionméd oichappdic akOminuoungaldindiakelvd@llegsoihétébf Other
types of conductive materials may also be useful. The via contacts are isolated from each other by the
first insulating) substsate dayies dieAi{alG angioatiVEh alie sc 4 afie digposiednythe cecondisaiiface of the
first insulating

disposed within the periphery of the wiring substrate. Other configurations of die and non-die

region may also be useful.

[0014] 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

(DRAM), a static random access memory (SRAM) and various types of non-volatile memories

including programmable read-only memories (PROM) and flash memories, an optoelectronic

device, a logic device, a communication device, a digital signal processor (DSP), a

microcontroller, a system-on-chip, as well as other types of devices.

[0015] The die includes a first surface 150a and a second major surface 150b. The first

surface, for example, is an inactive or backside of the die and the second surface is an active

surface of the die. Other designations for the surfaces of the die may also be useful. The active

surface of the die contacts the die region of the wiring substrate. The active surface, for

example, includes openings in a final passivation layer to expose conductive die pads 155. The

surfaces of the conductive die pads, for example, are substantially coplanar with the second
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substrate layer. The conductive traces are formed of a conductive material, such as copper, aluminum,
gold, nickel or alloys thereof Other types of conductive material may also be useful. The conductive
traces are coupled to the substrate via contacts forming interconnects which are coupled to the die
pads of the same die. The conductive traces may include conductive pads 168. [0018]The first
substrate layer may be a dielectric layer. The dielectric layer, for example, is disposed on the second

surface qhifig digfidhenty pemetiiEstrrubriiaielaiREs bTakatsndr tisepadd watberemboeienis, the

substrate layer may be patterned to provide vias in which Page 5 of 30 substrate via contacts are

disposedyfipmadieonf theodas adheffire gubsipiestayenseay berrchiepeds By Bideststai@ions to
techniques, including and not limited to laser and mechanical drilling. [0019]The second insulating

substrateHayatingdembirsiel Mr andpsacofyd surhasiesatd fhnidieoficst sudiree cmapdearefesress to as
the top surface and the second surface may be referred to as the bottom surface. Other designations

for the sudpges althseceotljnsehatiogsldystiaietdy aimayglsodre siatftlivE heatirshhiiacesofbihe
second insulating layer is disposed on the second surface of the first substrate layer and the

conductivecddoe shdlitegeend befatesoras ak pdistiem sedaceohtie paakagpoddidasecentdr
substrate layer isolates the conductive traces from each other. The second substrate layer may be

formed ofisaldppoeagksatesthtthdigtdetiaumaieriaithcOpagmipessofsacangrklibstnatetayers may also
be useful. [0020]Openings are provided in the second substrate layer in which package contacts 170
are dispesemhgtherpaniyosdsidscexasfiple, 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 contd000PENINgs shay e aliiase chinvegigl dtieire o dhrdeson BahitipepdckbgeatOthidrecontact
opening patterns may also be useful. The conductive pads, for example, are coplanar with the
conductiveutrtategréd sibstram hodinentsodiaaoncebitks fadainday dostlidepaaiiy dingteandaiive
pads. The conductive pads may be further covered with a surface protection material, such as OSP or
a metalli¢ tDatidd OF. pladniys{0d2d | ot deddinallpackadeconibsisiio atdidispasacosutfie sacgnd
substrate layer in the openings. The package contacts, for example, are spherical shaped structures or
balls. Theqatkage toantteisoprairtide aimtbecboiid sustrtanayobihrefsaednd subhsttateolayeitfRroviding
package contacts which do not protrude from the bottom surface of the second substrate layer, such
as soldetnrdschgattss e tsefulfddes pabkdiystdaydaotayg ftvortedust falconidufitsteumiaterial. The
package contacts, for example, can be formed from solder. Various types of solder can be used to
form the gackeatgeheatitadts ororeetadiplenthbsbidelaganibewlisatirbagediocfage 6130 3chich

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,
gold, nickel or alloys thereof. Other types of conductive materials may also be useful. The via
contacts are isolated from each other by the first insulating substrate layer.

[0017] Conductive traces 140 are disposed on the second surface of the first insulating
substrate layer. The conductive traces are formed of a conductive material, such as copper,
aluminum, gold, nickel or alloys thereof. Other types of conductive material may also be useful.
The conductive traces are coupled to the substrate via contacts forming interconnects which are
coupled to the die pads of the same die. The conductive traces may include conductive pads 168.
[0018] The first substrate layer may be a dielectric layer. The dielectric layer, for example,
is disposed on the second surface of the die. Other types of first substrate layers may also be

useful. In other embodiments, the substrate layer may be patterned to provide vias in which
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non lead-based solder. Other types of conductive materials may also be used to form the package
contacts. [0022]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. [0023]In one embodiment, the built-up
wiring substrate is an integrated package substrate. As described, the package substrate directly

contacts dtigseigd v itheodigcie gieniiypithein erepnduckiver fiace sindnaieaniasistounledniaytihe die pads
of the same die. In one embodiment, the integrated package substrate includes via contacts which are

directly cainpeddohadigipads et HaesammdiedihRaninogshbsiraie.serias aschianauhadistribution
structure for the die, enabling redistributed, fanned-out external package connections. [0024]As

describegbahe] first shbstaied ayeildsisiigiedayaicinaihire emipdiments, shw fidshustlest atgtayer 113
may include a plurality of first sub-layers. For example, the first substrate layer may include first and

second firskgubstlayeise Rrovistingréfésteubaisaisp layeioyithdthe s susmbaisafcfiistysbbridyetsl may also
be useful. The first and second first sub-layers, for example, may include the same material. Providing

the first sishHayettbavingraeliflenasnt daaterdabilaortiie sesaoek sbhiayerombinaliaing sisstuitd first

sub-layer is similar to the first substrate layer. For example, a first sub-layer includes first and second

surfaceslanel sutisitedebe 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.
[0020] 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
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, such as OSP or a metallic coating or plating.
[0021] The external package contacts 170 are disposed on the second substrate layer in the
openings. The package contacts, for example, are spherical shaped structures or balls. The
package contacts 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 contact is formed of a conductive

material. The package contacts, for example, 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
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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. [0025]In one embodiment, a cap 190 is

formed owei theisecenddreiorotidhygetherfbstidnaioe swufacs sldhhifievpagkage susthate. The cap
serves to protect the die from the Page 7 of 30 environment For example, the cap may protect the die

from moigtdragd bentans.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 alsq@e2epeful T 2atkhescap tisiisies st anehseaack najes sierfaseseldddeivhedtet surface,
for example, may be the top surface and the second surface may be the bottom surface. Other

designatiamstiatethi suriacssaad e pags MBlyeglackbgeuseitbelol@ieampeasiplentothe caprailleast
surrounds the die. For example, the bottom surface 190b is disposed on the package substrate on the

non-die régitve aidhéhpaskagrisubstcaiaiiilhachpyaispinupenrgiiasdie, protects the die. [0027]In
one embodiment, the non-die region is disposed in a different plane than the die region. For example,

as showiidog3jortiomAndhendirianchnanedigiregionifaignsibsstap &4 inteapatkage seibsicatee/n one
embodiment, the die region is disposed or recessed into the encapsulation material with respect to first
major suAackstiiBadfiibeadiack ouexaneplacths dmregiahclditanhas digregiet,distamiee from the
bottom 117b of the package substrate than the non-die region 111b. The non-die region, for example,
is above ¢beddiiregiaces attievioochtativvec dipledds thitllikespiod tohthaifitstdivaipoaddate didtanf the
cap. Referring to Fig. la, the second surface of the die is disposed in a different plane than the second
surface ahtheategmtddrpuiting dubdieitomcudtacanddthaaaphich diffdieni ylanepledndiie die pads
advantageously relieves the mechanical stress on the die due to the thermal mismatch of the package
materialf 0223 die &hbeodingniiiteacageteayesdtignhackstisdb fiish sutfawecofoindditeexposed,
as shown in Fig. la. For example, the top surface 190a of the cap is about co-planar with the backside
surface k¥nahlnigthaldieibutal) dihecdmbedicrenl pthvk gapcsonketiods. and covers the die, as shown in
Fig. Ib. For example, the first surface 190a of the cap is above the backside surface 150a of the die.
The cap [@2étts thessidssibod, dacksideubftfaeediger 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 a first substrate layer with other

numbers of first sub-layers may also be useful. The first and second first sub-layers, for

example, may include the same material. Providing the first sub-layer having a different

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.

[0025] 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
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[0029]Fig. 2 shows another embodiment of a semiconductor package 200. The semiconductor
package is similar to that described in Figs. la-b. As such, common elements may not be described or
described in detail. [0030]The semiconductor package 200 includes a die stack 210 being mounted on
a die region 111a of a wiring substrate 110. The die stack includes n number of dies, where nis > 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.
Designaigngitbaias afdhexdiapitacks dpntothoraemveniionsimayslatbanselyl. fohexdiamicyk, for
example, may be formed by any suitable types of die stacking methods. As shown, the die stack
includes fishendfsecandsieah0handa?5T8e theapesiandiigadh R, inatiachpl,anty tentisalidie 2501,
and the first die is attached to the die region 111a of the wiring substrate 110. Dies used for the die

stack maypbey ieinahmefial SYthiesypasute:peapadinennhetintomayd hodomeia 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[digsNon-THV cdigindlnéxafiiplanthay dnd udgon e hoad esh diseateomrestiancdlippehip die, etc.
For die stacks having more than 2 dies, the lower dies (bottom and intermediate dies except the top

die) are usualhlc] BMydieshwhilp thertopalie tisca aond Svfbie niher terfigtyatiuntes. tymasrof dies of a
die stack may also be useful. [0031]A TSV die includes first and second major surfaces 250a-b. The

first surfaksijpcitioesfirshdis oot eSS 3apndain el sebondafdjdhsiéacebindindas srRcaptdieasontacts
235. The die contacts, for example, are die contact pads which have top surfaces co-planar with the

first 250awncladsandZa0Bonajanplefabedatdhesditade rmidingdsupbace sofih pactnieciubaastisvbich are
not coplanar with the surfaces of the die may also be useful. Other configurations of die contacts or die
contact padsadnayiaisgibe afbtupatkefirsibandisetbed ghetsoniacimaiegi e dienpetted hettivugh via
contacts 230. Other configurations of the TSV dies may also be useful. The via contacts and the
contact Jadg7for exampenstrediatenedief doaatiductiva matiepededlihe dificleatipameataniahddiexample,
may include copper. Other types of conductive material may also be used for the via contacts and
contact padmn 0032 passhlewas, thevaebp pdtiencantdet iz 3n dhitnediottgiodiematie asaynt8d ondecthe
die region 111a of the wiring substrate. The first die contacts 233 are mated with the top die of the die
stack. In ok bddinent,[a oie attboldifilemortandincheitih Z1digranddeoprostded imtheneavity formed
between the dies to facilitate stacking and to protect bonding contacts 240 which couple the
conductiveddiesypadsnldatofithevghaosibclicovitht tihejbir sudiscedAtamcts A3 gf. thefieshipleRbdidicibution
layer may also be provided Similar to Figs. la-b, the die and non-die region of

region 111a has a greater distance from the bottom 117b of the package substrate than the non-

die region 111b. The non-die region, for example, is above the die region or the conductive die
pads with respect to the first major surface 190a of the cap. Referring to Fig. 1a, the second
surface of the die is disposed in a different plane than the second surface of the cap. Providing
the bottom surface of the cap at a different plane than the die advantageously relieves the
mechanical stress on the die due to the thermal mismatch of the package materials.

[0028] In one embodiment, the cap leaves the backside or first surface of the die exposed, as
shown in Fig. 1a. For example, the top surface 190a of the cap is about co-planar with the
backside surface 150a of the die. In another embodiment, the cap surrounds and covers the die,
as shown in Fig. 1b. For example, the first surface 190a of the cap is above the backside surface

150a of the die. The cap protects the sides and backside of the die.
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the semiconductor package 200 forms a step 187 in the package substrate. For the case where more
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 nth + 1 die above is connected to the first die contacts of the nth die below. [0033]A
cap 190 is provided to encapsulate the die stack 210. In one embodiment, the cap surrounds and

covers thealig] For@xamgewiianinpeseiaeslihfn of dReBrRPLANESS Fat®RICETIR0a of the top die
2502. The cap protects the sides and backside of the second die of the die stack. As discussed, the

die regiorcigidisfRsesd phdraaskadnile tialpndepsitation Maleriabwity wepecsimivstersaieitsurface
190a of the cap 190. In other embodiments, the top surface of the cap may be coplanar with the top

surface ghifetepdiR{nb&hematscibisl fRdexample, leaves the top surface of the die exposed, similar
to the device or package described in Fig. la. [0034]Figs. 3a-k show an embodiment of a method for

forming gegsOjcondueteshrekdge:dOtadkigre3r06hnvrsdaswaler s34tk havipgiacfirss sustaos S0ika and a
second surface 301b. The wafer serves as a substrate for forming a die 350. The first surface, for

examplerdgian inaatbasuifagesdndatwhile ththsetonduidakrlds AmaabvesulfacevBofin (ther

designations of the surfaces may also be useful. The wafer, for example, may be a silicon wafer. Other

types of PAgedtdef 86, 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 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
die 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.
[0031] 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.
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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.
[0035]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 Bgbedidp Gwéaaetafishaovaienglsubsy ateludicbppeludnadhg preningadocthe datpags may

be referred to as the active surface of the wafer. [0036]In one embodiment, a sacrificial layer 377 is

formed ovgy thecasdiveeautage oidkommieaad tntkepsasrificial layer is a temporary layer which will
subsequently be removed. The sacrificial layer, for example, is an adhesive material. Other types of

sacrificiajdagel manalswha,usekdeditedsacsiiciak layeomay hatteraeda.en iensebsinaiaetsstig various
techniques. For example, the sacrificial layer may be provided by spin coating or lamination. Other

techniquessfor fiornivgtewsaskiicialdayer Tayfiaisdibe snedtl 2 BBateahnigueitfothexapyiteo My
depend on the type of sacrificial layer. In one embodiment, the sacrificial layer may be half-cured to be

less tackyiélurioR. the ercanbulhtirntpiatiesstakh dthebearbodiorants | theasaerficiallayar tienaing tacky
to improve adhesion to a support carrier, if used. [0037]The process continues by dicing the wafer
processedmitd teewdies thodisacsifigidlitate 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 Figs. 1a-b, the die and non-die region of
the semiconductor package 200 forms a step 187 in the package substrate. For the case where
more 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.
[0033] A cap 190 is provided to encapsulate the die stack 210. In one embodiment, the cap
surrounds and covers the die. For example, the top surface 190a of the cap covers a top surface
150a of the top die 250,. The cap protects the sides and backside of the second die of the die
stack. As discussed, the die region is disposed or recessed into the encapsulation material with
respect to first major surface 190a of the cap 190. In other embodiments, the top surface of the
cap may be coplanar with the top surface of the top die (not shown). This, for example, leaves
the top surface of the die exposed, similar to the device or package described in Fig. 1a.
[0034] Figs. 3a-k 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
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layer over the active surface of the wafer. Dicing the wafer 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. [0038]Referring to
Fig. 3b, a support carrier 380 is provided. The support carrier, for example, is a temporary carrier for
processing chip packages. The carrier should be sufficiently rigid to serve as a support and withstand

further preaassitaaPsafedy @%amBIELENBGRITIeh Bagendtoainkéthtshruld ke syficieniy tigiddadeduce
or prevent warpage of chip assemblies during the assembly process. By way of a non-limiting

exampleathieiGatiTaiay hechipiolHdaplatemsiepias fanimadingsafrepip assemiliggaNarinugsypes of
materials may be used to form the support carrier. For example, the carrier may be formed of metal,
glass, sewlegnductor, reinforced materials or any other suitable materials. [0039]The carrier includes a
first surface on which dies are processed to form packages. The carrier can be configured in a strip

format to[poasESS awraw ofdigsllaesthiesienbagionents fohe poiahiSwapfigHsabsteaproThs duligrality
of rows of dies. For example, the carrier may have a panel format to form a 2 dimensional array of

packagesompeviehngiachatéieoeoxdigpredinaisnate rdoioal, infaoiioasplhdalitgrobpaakage satashalso be

useful. In some embodiments, the carrier may be configured to form one package, for example, a

single foenaC. Thebpeadfoimat 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.
[0036] 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
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.
[0037] 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 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.
[0038] Referring to Fig. 3b, a support carrier 380 is provided. The support carrier, for
example, is a temporary carrier for processing chip packages. The carrier should be sufficiently

rigid to serve as a support and withstand further processing steps. For example, the carrier
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selected may depend on, for example, the requirements of the process, available equipment or cost
considerations. [0040]lllustratively, the carrier is configured in a strip format with four package regions
or zones 380a-d for forming four packages. Providing a carrier with other number of package regions
or formats may also be useful. A package region includes a die region 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 the sacrificial

layer 37 %t e g RutfaceRbQ-ddaitashadvientieatiade oiamifr assexmmeieluiow dieas3sdlba are

attached to the die regions on the carrier. [0041]In one embodiment, an adhesive 375 is provided on a
first surfageeisheoargoiafasHilataiappenapldid atiachmany: KtheidrRIpRasYbeaIdicoierAigues

may also be useful for attaching the dies. The adhesive, for example, is provided in at least the die

regions &t thepsispaneslriesdouiagireralyaheldinehaychipmassenbhnther eippbit eagiembgiment, the
adhesive is provided on the whole first surface. In other embodiments, the adhesive is provided only in

the die regignple] e aghrsivercdb Remay éypeel adhasiveriahpiortesiigorpat anitbiage d2n§ 30
bonding of a chip assembly to the chip assembly surface. The adhesive 375, for example, may include
the samehateiigdds thasagsificial layer 377. In other embodiments, the adhesive 375 may include
different material than the sacrificial layer. The adhesive may be in different forms.
[0039] The carrier includes a first surface 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. The type of format
selected may depend on, for example, the requirements of the process, available equipment or
cost considerations.
[0040] INlustratively, the carrier is configured in a strip format with four package regions or
zones 380a-d for forming four packages. Providing a carrier with other number of package
regions or formats may also be useful. A package region includes a die region 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 the sacrificial layer 377 on the active surface 350b is attached to the die region. For
example, four dies 350;.4 are attached to the die regions on the carrier.
[0041] In one embodiment, an adhesive 375 is provided on a first surface of the carrier to
facilitate temporary die attachment. Other temporary bonding techniques may also be useful for
attaching the dies. The adhesive, for example, is provided in at least the die regions on the
support carrier for temporarily holding a chip assembly thereto. In one embodiment, the

adhesive is provided on the whole first surface. In other embodiments, the adhesive is provided

only in the die regions. The adhesive can be any type of adhesive that provides temporary
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For example, the adhesive may be a tape, a liquid or a paste. The adhesive may be provided on the
substrate using various techniques. The technique employed may depend on the type or form of the
adhesive. For example, a tape adhesive may be provided on the substrate by lamination, a paste
adhesive may be provided on the substrate by printing while a liquid adhesive may be provided on the
substrate by spin-coating. Providing the adhesive on the substrate using other techniques may also be

useful. [T enpasionesll; thehinaktives sifisge 39a omhacksisieveline diesanaptiashed to the

die regions of the carrier. The dies are attached to the die regions using any suitable techniques

accordinghtputheteesippanitans thatypeceiitiel adhesve. usesthiRR4a]Rafasrng e kitheStieagap 390 is
formed to encapsulate the dies. The cap, in one embodiment, is disposed in the non-die region. For

examplen@y anga@sdlatiommaiesiallithgispensedfioifill therspacesdhetweenathbediedi fidroneforms.
embodiment, the encapsulation is a mold compound, such as molding epoxy resin material. Providing

other typpsreikengagstlaiigieshaianaldamaypdse heuuseful P44 e dagivie 0ng Bahodidedinis
formed by transfer molding techniques. In one embodiment, the cap is formed by a film assisted

transfer melclibgtigennigige dronexamylaes. filfhe3Q3hsi plrcenpagan shaoatpuns ohah®elgd botshown).

In one embodiment, when the carrier and the dies are placed against the mold, the film contacts the

sacrificiablayieadhethiecadtdreexample, a tape adhesive may be provided on the substrate by lamination, a
paste adhesive may be provided on the substrate by printing while a liquid adhesive may be
provided on the substrate by spin-coating. Providing the adhesive on the substrate using other
techniques may also be useful.
[0042] In one embodiment, the inactive surface 350a or backside of the dies are attached to
the die regions of the carrier. The dies are attached to the die regions using any suitable
techniques according to the equipment and the type of the adhesive used.
[0043] 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. 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.
[0044] 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.

Page 13 of 30



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. Page 13 of 30 The
sacrificial layer also facilitates release of the molded panel from the molding tool. Other techniques for

forming teeCaiRrifiala Plspebalits eftilifeisexranelef the BaR1BIg):Aiserbe iaemesl iy daling er
compression molding. [0045]Referring to Fig. 3d, the support carrier 380 and the adhesive 375 are

separateg {ran tbediematias itringihe srp.ve reIENHPAKNSNIcARleRPRING KeanTeRhis by
employed to separate the chip assemblies from the chip assembly surface. The de-bonding treatment
may, for pxafmgler calgrdhitoadhessivg to lose or reduce its adhesive strength to allow separation of a
chip assembly from the substrate. In one embodiment, the de-bonding treatment includes a

temperaflo@b] heatie@ireatrodnit. Y eie Reppod wther dgthantling dehepeatdeaihscpalaesivieolses or
reduces its adhesive strength. Other types of de-bonding treatments may also be useful. The

de-bonditg teatmentinaihgdeheoshonihadypeholiashasivectsadiiha dentondingiskaiaest, for
example, may include chemical treatment such as applying a solvent to dissolve the adhesive or a
mechanisgpdreatiheohipuskeab el tagnothivvisiingstesbpasattatbe ahip deoboilim pasataaiiianay,

[0046]Removal of the carrier and adhesive leaves the plurality of dies attached to each other by the
cap. Thefoapxarapiclesiive chanibaktuapdckéasthelatins ahisitiettpigarssingow kepawitagesfaf the
cap, in one embodiment, are coplanar with the surfaces of the dies. For example, a first surface 390a
of the caphiip asqaivdy With the hackside Or dinsteshbtation 3T tholithbodidia @ndatnsatanchwisdace 390D is
coplanar with the sacrificial layer 377 on the active or second surface 350b of the dies. By providing a
cap whictetlpesingt ooleiting heatkiside oViiva tiatedIpsthadrobesding kegicdissipatiernfiaritbe dies.
External heat sink may also be attached to the backside of the die to further improve heat dissipation.
[0047]|Rdtering toduig:s 38, diilec saerificiag {ay €tBartyp ¢e vtaiebondiog erernhadiment alke saasiiial layer
is removed by dissolving the layer with chemicals. For example, chemical which preferably does not
cause arijhdainagednghecsecarndmory akipeadunfdeetppdhd aidssis ¢iaectioiamievieoinBeaceditiehlayer.
Other techniques may also be used to remove the sacrificial layer. Page 14 of 30

for example, may include chemical treatment such as applying a solvent to dissolve the adhesive

or a mechanical treatment, such as pulling or twisting to separate the chip from the base carrier.

[0046] Removal of the carrier and adhesive leaves the plurality of dies attached to each other

by the cap. The cap provides mechanical support for the chips for further 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

3500 of the dies. By providing a cap which does not cover the backside of the die helps

improves the heat dissipation from the dies. External heat sink may also be attached to the

backside of the die to further improve heat dissipation.

[0047] Referring to Fig. 3e, 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.
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The removal of the sacrificial layer exposes the active or second surface of the dies and the die
contact pads 355. [0048]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. Otirge stephgionthmayraismbr usefiolR042] Reavid big & stap ehuesntHeal rstivel shifaee of the

dies and cap surface alleviates mechanical stress due to the difference between the thermal
coefficierbafahigslie 38 the mold compound in the subsequently formed packages. [0050]The
process continues to form a package substrate. The process, for example, continues to form a built-up

or integrqtedgyiringsvasteaibodite Raakage subsiidee fopxameainiudascapntii-iayeiad substrate.
In one embodiment, a first insulating substrate layer 313 is provided on the second surface of the cap

and activesusfaaaot i bliesthe ali@xarapleaamfils! sidrfrceSdizaed tTeHy aicunsiteclayrr tentects the
second surface of the cap and fills the recesses over the dies. [0051]In one embodiment, the first

substrate fayie capaisive astiplegmicdiayes chite diglatiribdayarcfoitraoplacigicispesadsed latvactive
surface of the die. Other types of first substrate
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.
[0049] 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.
[0050] The process continues to form a package substrate. The process, for example,
continues to form a built-up or integrated wiring substrate. The package substrate, for example,
includes a multi-layered substrate. In one embodiment, a first insulating substrate layer 313 is
provided on the second surface of the cap and active surface of the dies. For example, a first
surface 313a of the first substrate layer contacts the second surface of the cap and fills the
recesses over the dies.
[0051] 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
layers 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.
[0052] 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
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layers 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. [0052]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

mechanigal drilingQraRdky 5 & £ise faseitlon he:1iag May. Naventaaatediafcat aightinsoflilefrifaending

on process Page 15 of 30 requirements and type of via formation method used. In one embodiment,

the vias argifarmededifrcilapagdmigfiethtapannglofibeiside walisofaciitatassdilling efiheviate For
example, the tapered sidewall facilitates uniform material coverage of the sidewalls and base of the via

which regyeesdfeimeatantaiineids uRieidingidasl witta oot idpsigewite wall iefite ibealsowisiul.
[0053]Referring to Fig. 3f, the process continues to form conductive via contacts 330 and traces 340 of

the packagri s Biiateidn sherRIRbPaIMeny aisondhciivedayperisifoidead D diefiksiisubstmte layer,
covering the second surface thereof and filling the vias. The conductive layer, for example, may be

copper of0@s3ipperradteytifReF typBs vk gaockistismtinatsrialfomayoaldectecusaltbnboiseidnple, other
types of conductive materials may include aluminum, gold, nickel or a combination or an alloy thereof

The condticiiveaye thrayableafersnesthyeplatioge Eobedaneplea electodhemigal iofelecd e sheiating
may be employed to form the conductive layer. Other suitable methods of forming the conductive layer
may alsostisstisedalrisooietighhevuesniis saefackldyees Maay htigehepriay. taleorsvininihiecandtctive
layer. [0054]The patterning of the conductive layer may be formed with the help of a patterned masked
layer pridbtethmplatingysoceppeAdicinappenalibe. cotiductives lafyesrdaytibe patteixiethis fdsmbe
conductive traces 340 coupled to the substrate via contacts 330 in the vias which are coupled to the
die padswkine SamexdieplEhetibanspetivé doadastarchiie vads coniaatduds aunierconnekt, Makidroing of
the conductive layer can be achieved by any suitable etching techniques. For example, a patterned
etch maskcaubimasophatanedisty thqreoVidEheawkithe eohguctive; Bafetatedriaypdeipgrfboned using the
etch mask to remove portions of the conductive layer unprotected by the etch mask. The etch, for
examplegxaap e decisothepidcelch cstttoRssspluehgtofay e amisolyepio e, thaclvatureaetiugaon etch
(RIE) may be used. Other techniques for patterning the conductive layer may also be useful.
[0055]Aftetheatieitaliig tiehook diidtivailay dre thadneaske sasemoug chlsbhe nesk, ios@xample,

embodiments, seed layers may be used prior to forming the conductive layer.

[0054] The patterning of the conductive layer may be formed with the help of a patterned

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. 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.

[0055] 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.
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may be removed by ashing. Other techniques for removing the mask may also be useful. Page 16 of
30 [0056]As shown in Fig. 3g, a second insulating substrate layer 317 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

embodinfepsethe secoidwuhatrage is fonremoiapebrpsubihesesend BURsipesiavesn fdkaxsmple,

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

be usefukiesdatsingtheosesapdribgirienayeic{O 85 the spcandveubsiesteTiiy sEdsHaatdrmeeto form

contact openings 319 to expose portions of the conductive traces. The contact openings correspond to

locations|fdpesaigie cioniaais: 0 biie anisndtictorRrekay Erfiua¥aHIz: tTairRoasioneiings may
be arranged in a grid pattern to form a BGA type package. Other contact opening patterns may also be

useful. [0@H8] v eREtembodimabiipackage oriconduatiepadsisparefiaimed omthe expesad
portions of the conductive traces 340, as shown in Fig. 3h. In one embodiment, the package pads

include avaerdusiiimemateiialctomnaenbedinentcthefpaskage patiscare selestbsetéannedrit the
openings of the dielectric layer by coating or plating techniques. Other types of conductive materials or

techniquesample bedisee fisriardbihe tootachpadahihg sansilditie prdsafer fxampiepasgicaplanar
with the conductive traces. In other embodiments, the conductive pads may include protruding
conductive:h@idacd hacalkdbetive fiddsr foayn b thekerevaredritdhagsurface protection material, such
as OSP or a metallic coating or plating. [0059]The process continues by forming package contacts 370
in the opf06E of thkepackadeumaske &s/shidvpatierkid. t3ifdrar @xamplecifiagsaikageegpoiacts are
formed on the package pads 368 in the openings of the package mask. The package contacts, for
exampleporayrnolintie sphbricaleshajeed Shiticturtes: opbaligactargponid @rlddadatiesmfpiokaza BGA type
package. The package contacts are formed of a conductive material. The package contacts, for
examplecotadc e fahm echficondseide padkaiau sfyipesiniptal der canabeopseathe faanbiherpagkdde a
contacts. For example, the solder can be a lead-based or non lead-based solder.

grid pattern to form a BGA type package. Other contact opening patterns may also be useful.

[0058] In one embodiment, package or conductive pads 368 are formed on the exposed

portions of the conductive traces 340, as shown in Fig. 3h. In one embodiment, the package

pads include a conductive material. In one embodiment, the package pads are selectively formed

in the openings of the dielectric layer by coating or plating techniques. Other types of

conductive materials or techniques may be used to form the contact pads. The conductive pads,

for example, are 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, such as OSP or a metallic coating or plating.

[0059] The process continues by forming package contacts 370 in the openings of the

package mask, as shown in Fig. 3i. 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, for example,
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[0060]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. [0061]Referring to Fig. 3j, the

structurecdgrmesbissingulatesl derfovnipgivighes| semigandudenpackaans aripsikatedhalted lines
395. As such, a semiconductor package such as that shown in Fig. 3k or Fig. la is formed. [0062]The

process, Bt desephedhsasults thndvartagasastobexsmplel-tagssamificial layer is used to protect the
second major surface or active surface of the die from contamination during molding. Furthermore, the

sacrificiajdage] servesafcifhoaarRin; oaitg WG isatkaevesalisranalsing SucthEaicairgsess is
created over the second surface of the die to alleviate mechanical stress arising from the thermal

mismatcir hedwees dnidalckegampating and the ldik Asacthepiacessallpws iy itom meldigm
techniques such as printing, transfer and compression molding to be used to form the cap. The

process gisthcedfichs fueedssibgratepsyandritiediceathady sbaajey whithcksnok heteids Atwrexposed
upon removal of the base carrier. Additionally, the exposed first major surfaces of the die improve

tﬂer(rjnal digshoadian s(PR03 Al thewgtonm bubsiearonguctivevia sslddrdaalievielyafarmedsand. cobipled to

e de package contacts may be formed of materials other than solder or using other techniques.
[0061] Referring to Fig. 3j, the structure formed is singulated to form individual
semiconductor packages, as indicated by dotted lines 395. As such, a semiconductor package
such as that shown in Fig. 3k or Fig. 1a is formed.
[0062] The process, as described, results in advantages. For example, the sacrificial layer is
used to protect the second major surface or active surface of the die 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 to alleviate mechanical
stress arising from the thermal mismatch between the mold compound and the die. Also, the
process allows various molding techniques such as printing, transfer and compression molding to
be used to form the cap. The process also reduces processing steps and time since the first major
surfaces of the dies are exposed upon removal of the base carrier. Additionally, the exposed first
major surfaces of the die improve thermal dissipation.
[0063] 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
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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 Page 18 of 30 support for the

dies to fasipRrckagacstis @B ingraa Qe e FesHiARhSHdalY ek ituipetfeErirefigipanefahsbip,
substrate processes may be used to form the redistribution structures on the active surfaces of the

dies. As syaicconvetionatmalersegisss Bulios: layal sdasming draticsantisnasiotesessady required.
This avoids the need for capital investment in new wafer-based process equipment. [0064]Figs. 4a-d

show angtitiee earhedineofiRProcass QAo iaoming afsericarsucter IpaekaRen e PSOERSS IS
similar to that described in Figs. 3a-k. As such, common elements may not be described or described

in detail. JROGS] Referngyteckigeda, Ehivakeridhhavidge phpialitthotdiasneichins waimsidatedhe one
described with respect to Fig. 3a, is provided. The wafer includes a first surface 301a and a second
surface 32dbeskheapaend surface, for example, is an active surface 350b for the dies. The second
surface of the wafer is coated with a sacrificial layer 377, covering the wafer and contact openings
which exjggsathe diggpatis B&mw beodriemib cicedn podvigiaogdndiocital tiasinith asacsiiitialdayer on
the active surface. [0066]Referring to Fig. 4b, a support carrier 380 having an adhesive 375 on a first
surface gfdtiassppheteacdsy isTdimitartiethiodexaibglanifglvdeslia pluralil, paakage ¢kgiens 380a-d.
Individual dies are temporarily attached to the die regions on the carrier. In one embodiment, the
surface 3dboithaidieboridbsthibsdbiitictaillayer 377 is attached to and contacts the die regions of the
carrier. The dies are attached to the die regions using any suitable techniques according to the
equipmefatsad the Rypeaviighe Bidhdsivewsed3(Qdasjireteplinglic loidide oa daps3Sithisafatmiee doe
encapsulate the dies. The cap, in one embodiment, is disposed in the non-die region. For example, an
encapsulidsoribedieinlissispenBied 1o, il jhes kjedceBhbetafee intheddies filvtonefamBotimadt the
encapsulation is a mold compound, such as molding epoxy resin material. Providing other types of
encapsukattondwatéital30tiay Hisshendefuface, for example, is an active surface 350b for the dies.

The second surface of the wafer is coated with a sacrificial layer 377, covering the wafer and
contact openings which expose the die pads 355. The wafer is diced, providing individual dies
with a sacrificial layer on the active surface.

[0066] Referring to Fig. 4b, a support carrier 380 having an adhesive 375 on a first surface of
the support carrier. The carrier, for example, includes a plurality package regions 380a-d.
Individual dies are temporarily attached to the die regions on the carrier. In one embodiment, the
surface 350b of the dies with the sacrificial layer 377 is attached to and contacts the die regions
of the carrier. The dies are attached to the die regions using any suitable techniques according to
the equipment and the type of the adhesive used.

[0067] Referring to Fig. 4c, a cap 390 is formed to encapsulate the dies. The cap, in one
embodiment, is disposed in the non-die region. 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.
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[0068]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 backsides or first surfaces 350a of the dies, leaving spaces
therebetween the non-die regions. Encapsulation material, such as a mold compound, is dispensed

into the rmogdgassembdycdpling sRagabdai the) o9 et eado iR ieolam sassHathesstypesef techniques
for forming the cap may also be useful. For example, the cap may be formed by printing or

compresgighodialginghiOOGRIRRISRHA® ¥ Filn 46kithel SRR SaltRzasehthguad FRsiveadicte

separated from the dies after forming the cap. Removal of the carrier and adhesive leaves the plurality

of dies afiaehsi e prRebdathahycitotapol he6RP(ROVidesNaaharicalisupperitforibe abipsfier
further processing. The surfaces of the cap, in one embodiment, are coplanar with the surfaces of the

dies. ForagyaRdesscaf $ll sevdageidfi0aohbig, cap froeplanck Wb Jidst of hiaaksitkdet tidies and
a second surface 390b is coplanar with the sacrificial layer 377 on the second or active surface of the

dies. Thehrarsskeoininpasedoh@xbeopinabaascdiett gohig . BecandlatvantsefO0 /Qiftgs. Ha-b show
yet another embodiment of a process 500 for forming a semiconductor package 500. The process is

similar tonibat egapobed iv figensatkmnthd andl s sueblyC oMo speltesnants: mey- dietrbgisleseribed or
described in detail. Referring to Fig. 5a, the process is at a similar stage as that described in Fig. 4b.
For exanipie thsupnotharigpS8d katiiguas fidlfesiva Bl ofparfishburtaossefulhestppariptarrier is
provided with dies 350

the cap may be formed by printing or compression molding.

[0069] Referring to Fig. 4d, the support carrier and the adhesive 375 are separated from the

dies after forming the cap. Removal of the carrier and adhesive leaves the plurality of dies

attached to each other by the cap. The cap provides mechanical support for the chips for further

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 first or backside of the dies

and a second surface 390b is coplanar with the sacrificial layer 377 on the second or active

surface of the dies. The process continues, for example, as described in Fig. 3e and onwards.

[0070]  Figs. 5a-b show yet another embodiment of a process 500 for forming a

semiconductor package 500. The process is similar to that described in Figs. 3a-k and 4a-d. As

such, common elements may not be described or described in detail. Referring to Fig. 5a, the

process is at a similar stage as that described in Fig. 4b. For example, a support carrier 380

having an adhesive 375 on a first surface of the support carrier is provided with dies 350

temporarily attached to the die regions on the carrier. As shown, the surface 350b of the dies

with the sacrificial layer 377 is attached to and contacts the die regions of the carrier.

[0071] Referring to Fig. 5b, the process continues to form a cap 590. In one embodiment,

the cap is formed of an encapsulation material. In one embodiment, the encapsulation is a mold

compound, such as molding epoxy resin material. Providing other types of encapsulation
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temporarily attached to the die regions on the carrier. As shown, the surface 350b of the dies with the
sacrificial layer 377 is attached to and contacts the die regions of the carrier. [0071]Referring to Fig.
5b, the process continues to form a cap 590. In one embodiment, the cap is formed of an
encapsulation material. In one embodiment, the encapsulation is a mold compound, such as molding
epoxy resin material. Providing other types of encapsulation Page 20 of 30 materials may also be

useful. ThRtespIMaxLAJoBRackny vatiousmieing techedpiesafiaisaxampe tdbemearnaspe formed

by compression or transfer molding. Other techniques may also be useful to form the cap. In one

embodimgamihe gapchfhenerFstiaie dihe fieesAsEhomih ifcFigokighetag etrigibedisst sufaces
350a and sides of the dies. [0072]After forming the cap, the process continues, as similarly described

in Fig. 3dbanscanwardmfng examplendhenpriessiatinsa sackagepssigeserbearin KigsHbwioay 3]Figs.
6a-e show another embodiment of a process for forming a semiconductor package 600. The process

is similarpig tsat deseiphed disfigstisaskrAacd 350h 2adxids sfichs ¢gRRIMon elements may not be

described or described in detail. Referring to Fig. 6a, a wafer 601 having a die stack arrangement is

provided[0072e emfFadifoantnthboistis processeshitdues, as similarly described in Fig. 3d and
onwards. For example, the process forms a package as described in Fig. 1b.
[0073] Figs. 6a-e show another embodiment of a process for forming a semiconductor
package 600. The process is similar to that described in Figs. 3a-k, 4a-d and 5a-b. As such,
common elements may not be described or described in detail. Referring to Fig. 6a, a wafer 601
having a die stack arrangement is provided. In one embodiment, the wafer is processed to
include a plurality of die stacks 610.
[0074] 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 650, and 650,. The second die 650, is attached onto the first die 650, 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
top die) are usually TSV dies while the top die may be a non-TSV die. Other configurations or
types of dies of a die stack may also be useful.

[0075] A TSV die includes first and second major surfaces 650a-b. The first surface

includes first die contacts 633 and the second major surface includes second die contacts 635.
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include a plurality of die stacks 610. [0074]A die stack includes n number of dies, where nis > 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 6501 and 6502. The second die 6502 is attached onto the first die 6501,

and the firgt die i atiaghest i biearedien ehacvjraag wHhsitate: Biesuwsrdsfos thamievsi@akenay be
TSV or non-TSV dies. In one embodiment, both the top and bottom dies may be TSV dies. In yet

another einpaginesinthadettarrdies Beperiddia TaYeicandrfaseslier thay sneidepadswndhredie.
Non-TSV die, for example, may include wire bonded, direct connection, flip chip die, etc. For die

stacks havingprigthamdidesarthed owalediesniboiom e ifereskaieafes exieptdhgitop die) are
usually TSV dies while the top die may be a non-TSV die. Other configurations or types of dies of a die

stack mayoatserder dse o pali heyvatlie bralveles. fiTskanet sedardomaiie suriacasafb0a-b. The first
surface includes first die contacts 633 and the second major surface includes second die contacts 635.

Page 21 iatezConieteicbgantacts, fou exantpla3aretie:coohdigiupattmwbicishad dopgutaces co-planar
with the first and second major surfaces of the TSV die. Providing surfaces of the contact pads which

are not cospffanar withdloersucfases oktbendier mal, dlsockenysieflukePoher ¢ atfigioiadiat ohdietantacts
or die contact pads may also be useful. The first and second die contacts are interconnected by

through Viacentaatsi G3Mhatdther orfigmistonapintiMdiepraay@lse bepesefwondietiva sontaats and
the contact pads, for example, are formed of a conductive material. The conductive material, for
examplepiapyliachedsabfipehc Othebiypes afdcanduatirisnaterial may also be used for the via
contacts and contact pads.
[0076] As shown in Fig. 6a, the first die contacts 633 are mated with the second die of the
die stack. In one embodiment, a die attach film or an underfill 617 can be provided in the cavity
formed between the dies to facilitate stacking and to protect bonding contacts 640 which couple
the conductive die pads 355 of the second die with the first die contacts 633 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.
[0077] In one embodiment, a sacrificial layer 377 is formed over the second major surface
650Db of the first die 650; of the die stack or the wafer 601.
[0078] 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 610,.3. Although three die stacks are shown in Fig. 6b, it is understood
that other number of die stacks may also be provided with the sacrificial layer over the second

surface 650b. In another embodiment, the sacrificial layer 377 may be provided after dicing the

wafer into individual die stacks.
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[0076]As shown in Fig. 6a, the first die contacts 633 are mated with the second die of the die stack. In
one embodiment, a die attach film or an underfill 617 can be provided in the cavity formed between the
dies to facilitate stacking and to protect bonding contacts 640 which couple the conductive die pads
355 of the second die with the first die contacts 633 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[@dgolbe uree-foihihe Poit@p, andpriesmediatesdiasr S eacond dicceDRBRT AL theanh+ 1 die
above is connected to the first die contacts of the nth die below. [0077]In one embodiment, a sacrificial
layer 377Fig fosmpeerexanible, seappdinainics wiaaa taghohdnesdveiolia A kntibedimstagpeorthe
wafer 601. [0078]The process continues by dicing the wafer processed with the die stacks and
sacrificiataayier 9\yro i secianehs ditaaadrt hrvalanpoieiilg thadadabsepaiaiegitin diettack into
individual die stacks 6101_3. Although three die stacks are shown in Fig. 6b, it is understood that other
number oheierstackshsngy, alsalrerps@sdied i dhessrekficil iy ei@viihegacdTisutadgedadb. In
another embodiment, the sacrificial layer 377 may be provided after dicing the wafer into individual die
stacks. [Qad 2Refewing techrig:iolks baeipsatesdlissitasimdarstageiasdd@t described in Fig. 4h and
Fig. 5a. For example, a support carrier 380 having an adhesive on a first surface of the support carrier
is providgoDaoth therdiistagcks Bik0be Aiemporssiboatinehiad forine dig EWONS oncthdisatiteni\s
shown, the surface 650b of the die stacks with the sacrificial layer 377 is attached to and contacts the
die regioti® bayisgfdhaciditesiwSfsuitibe cardan380hdRaSIRedevindoiockign e, ihe puidess
continues to form a cap 590. In one embodiment, the cap is formed of an encapsulation material. The
encapsulatinpedad e Raovidén g ehen ojgssonti pacipdu Reviding:dihe niypek ©be nsafusulBlio tapateyials
may also be useful. The cap may be formed by various molding techniques. For example, the cap may
be formebtlHyroasi presstausmoldiigefarcanipfey. of dranateplealdingpfatastibp forpaddly Ctheréecbniques
may also be useful to form the cap. In one embodiment, the cap 590 covers the sides and first or
backsidendddmgfthe diefstacksasahavidiig Fig.sbdp [QOhAft€rtherricighihecsamahdsplacessul
continues, as similarly described in Fig. 3d and onwards. For example, the support carrier and the
adhesivedfaarthsepardtechtremtibd idisn sttheksap p 20deon dingitieaimefitsatiebioksidepBtitn odip as
shown in Fig. 6d. Referring to Fig. 6e, the sacrificial layer 377 of the die stacks is removed. In one
embodimbat]ithesshsrificiadvayar Bgetmoved by dissolving the layer with chemicals, which preferably
do not cause any damage to the surface 650b of the first dies of the die stacks. Other techniques for
removind @b&1$acrificfadr| &yeninpphatsp b used eSsheonemesahof ithd shcdéiciablal/ar eigpddeadhe
second surface 650b and the second die contact 635 of the first dies of the die stacks. In addition, the
second sunfeads6 30k okdhefeshdisuppoinecdie stack iberedkesed Jfitoata grcaped lanothmditerial with
respect to the first surface 590a of the cap, forming a step 387 as shown in Fig. 6e. The process
continuestafdes dyamisidoadide sorittedrnafFicy. f8enaingd trewapds. fhomexarh e thRpfovass todrigntes to
form a semiconductor package as described in Fig. 2.

the sacrificial layer 377 of the die stacks is removed. In one embodiment, the sacrificial layer is

removed by dissolving the layer with chemicals, which preferably do not cause any damage to
the surface 650b of the first dies of the die stacks. Other techniques for removing the sacrificial
layer may also be used. The removal of the sacrificial layer exposes the second surface 650b and
the second die contact 635 of the first dies of the die stacks. In addition, the second surface 650b
of the first die of the die stack is recessed into the encapsulation material with respect to the first
surface 590a of the cap, forming a step 387 as shown in Fig. 6e. The process continues, for
example, as described in Fig. 3e and onwards. For example, the process continues to form a

semiconductor package as described in Fig. 2.
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[0082]Fig. 7 shows another embodiment of a method for forming a semiconductor package 700.
Referring to Fig. 7, the process is at a similar stage as that described in Fig. 6b. As such, common
elements may not be described or described in detail. [0083]A cap 390 is formed to encapsulate the
die stacks. The cap, for example, is disposed in the non-die region of the support carrier. The cap, in
one embodiment, is formed by transfer molding technique. In one embodiment, the cap is formed by a

film assiqedansfeidnpidiog Jeabmetiensinilacte shathsenea et tigs 4Gche exrimpleyfilae 393 is
placed against contours of a mold (not shown). In one embodiment, when the carrier and the die

stacks argplareebagainstiize el proeckiin coatasisldherhackside: defusbstifape 360a i thehsecond
dies of the die stacks, leaving spaces therebetween in the non-die regions. Encapsulant material, such

as a moldgempoeirchdstsiaps nsedd ke dhivsnoldiassearsbln ddimg spaces in the non-die regions to
form the cap. This enables top surface 390a of the cap to be coplanar with first surfaces 350a of first

dies of tjea#ig]stacksc s ExRMpGCA fiy shoastatesidoalef dackea it caplavaswitpthafidsoked
backsides of the first dies of the die stacks and a second surface 390b of the cap is coplanar with the

sacrificialdayehdd-diendprsecandssppace £H5eh aftibeayshdigcaftive diasiaeksorhius bylombster

semiconductor package with exposed backsides of the die stacks to be formed later. The process

continues i exastipieg s desaskethiimignddhendpiwaraded by a film assisted transfer molding
technique, similar to that described in Fig. 4c. For example, a film 393 is placed against
contours of a mold (not shown). In one embodiment, when the carrier and the die stacks are
placed against the mold, the film contacts the backside or first surface 350a of the second dies of
the die stacks, leaving spaces therebetween in the non-die regions. Encapsulant material, such as
a mold compound, is dispensed into the mold assembly, filling spaces in the non-die regions to
form the cap. This enables top surface 390a of the cap to be coplanar with first surfaces 350a of
first dies of the die stacks. For example, a first surface 390a of the cap is coplanar with the first
or backsides of the first dies of the die stacks and a second surface 390b of the cap is coplanar
with the sacrificial layer 377 on the second surface 650b of the first die of the die stacks. This
allows a semiconductor package with exposed backsides of the die stacks to be formed later.
The process continues, for example, as described in Fig. 4d and onwards.
[0084] Fig. 8a-b show another embodiment of a method for forming a semiconductor
package 800. Referring to Fig. 8a, the process is at a similar stage as that described in Fig. 6b,
except that the backsides or first surfaces 350a of the second dies of the die stacks are attached to
and contact the die regions having the adhesive 375 of the carrier 380. As such, common
elements may not be described or described in detail.
[0085] A cap 390 is formed to encapsulate the die stacks as shown in Fig. 8b. The cap, in
one embodiment, is formed by transfer molding technique. In one embodiment, the cap is

formed by a film assisted transfer molding technique, similar to that described in Fig. 3c. For
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[0084]Fig. 8a-b show another embodiment of a method for forming a semiconductor package 800.
Referring to Fig. 8a, the process is at a similar stage as that described in Fig. 6b, except that the
backsides or first surfaces 350a of the second dies of the die stacks are attached to and contact the
die regions having the adhesive 375 of the carrier 380. As such, common elements may not be
described or described in detail. [0085]A cap 390 is formed to encapsulate the die stacks as shown in
Fig. 8b. Thengie, iNme3opRedinarigisdarsaatbby Baaseldaidiidiacniduae khidndiappodinent, the
cap is formed by a film assisted transfer molding technique, similar to that described in Fig. 3c. For

Page 24 @t 3arfamplac i N1a3R3 e pReed AgaiRstROMIUr$heffamedd el SR fitladNe/ers
embodiment, when the carrier and the die stacks are placed against the mold, the film contacts the

sacrificiabfayeverddd Re¢ehihaisecsnshebidacesasbiaf shenbirsledinsief thevdig stacksiHerving spaces
therebetween in the non-die regions. Encapsulant material, such as a mold compound, is dispensed

into the mpleassedibhsdiding Spagesiimnthadiaialicucagioasiel dusmifrmeans Thiscanablasmfirst surface
390a of the cap to be coplanar with first surfaces 350a of the second dies of the die stacks, allowing a

semicongusltbigsaskageriity eppassd troksidgiofdhietiecstacksie kg formeeddasass fike piogass
continues, for example, as described in Fig. 3d and onwards to complete the package. [0086]The

embodinssis diakeribp dovitrcsptpeetial-iyst dafdedsigsobafahEigsopa-dicsid.teatid $tighs 8a-b include
some or all advantages as described with respect to Fig. 3a-k. As such, these advantages will not be
describediRwdagerieat Jondatadr fAORBTEE heatinvepdiad bk did:emihediedsinckihergpeeificddims without

departing from the spirit or essential characteristics thereof The foregoing embodiments, therefore, are
to be corshdgneddss albmaspestioiieatnapiee satdaesribad ibnRiigng dhadreniids daseripke:heeein.

package.

[0086] The embodiments described with respect to Figs. 4a-d, Figs. 5a-b, Figs. 6a-e, Fig. 7

and Figs. 8a-b include some or all advantages as described with respect to Fig. 3a-k. As such,

these advantages will not be described or described in detail.

[0087] 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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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; providing a support carrier, and attaching the at least one
die to the support carrier, wherein the first surface of the at least one die is facing the support carrier;
and forming a cap having first and second surfaces to encapsulate the at least one die, wherein
the seconvhguttagei@bthi:cap is disposed at a different plane than the second surface of the die. 2.
The method of claim 1 comprising: forming a sacrificial layer on the second surface of the at least one
die. 3. The method of claim 2 comprising: providing an adhesive layer on a first surface of the support
carrier; and attaching the at least one die to die region of the support carrier prior to forming the cap.
4. The method of claim 3 wherein the first surface piAth@sat least one die is attached to and contacts
the die region of the support carrier. 5. The method of claim 4 wherein the cap is formed by a molding
technique. compAisiRghtramsfeoMOIging @hromuassigtkagdioehphsihe method of claim 5 wherein the

cap is formed by film assisted transfer molding. 7. The method of claim 4 comprising removing the
support carrier witvitiaashiestverlayke andipdisaciticiat davenafiesSormingthiecapond surface of
the die includes a plurality of conductive pads;
providing a support carrier, and attaching the at least one die to the support carrier,
wherein the first surface of the at least one die is facing the support carrier; and
forming a cap having first and second surfaces to encapsulate the at least one die,

wherein 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:

forming a sacrificial layer on the second surface of the at least one die.

3. The method of claim 2 comprising:
providing an adhesive layer on a first surface of the support carrier; and

attaching the at least one die to die region of the support carrier prior to forming the cap.

4. The method of claim 3 wherein the first surface of the at least one die is attached to and

contacts the die region of the support carrier.

5. The method of claim 4 wherein the cap is formed by a molding technique comprising

transfer molding or compression molding.
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8. The method of claim 7 wherein the cap is formed by a molding technique comprising transfer
molding or compression molding. 9. The method of claim 8 wherein the cap is formed by film assisted
transfer molding. 10. The method of claim 9 wherein the cap is formed by providing a film which
contacts the first surface of the die and filling encapsulant material into spaces in non-die region of the
support carrier. 11. The method of claim 1 comprises forming a built-up package substrate having an

interconngct is fpgedtRodbe gespndsiditageanf dheidiRrmbesiTithtaRistconaggteariiado
conductive pads of the same die. 12. The method of claim 11 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 including 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 formihg mea@oicmdseior paskageceamsiindhe suppovidingiatvaasteneigisi staekdraving
first and second surfaces, wherein the second surface of the die stack includes a plurality of
conductivadadsacrifipraMigiogafeefhavigghfirsi@nd second surfaces to encapsulate the at least one
die stack, wherein the second surface of the cap is disposed at a different plane than the second
surface of the die stack; and forming a built-up package substrate having an interconnect on the
second surface of the die stack, wherein the interconnect couples to conductive pads of the same die
stack. 14. The meihadholicidichmis Mraeedinttie dig staoknrd bdesnadltagtectirstaieangrisisgcond die,
wherein a second surface of the first die forms the second surface of the die stack. 15. A
semiconduatdemnackiige eoroptissigion molding.

9. The method of claim 8 wherein the cap is formed by film assisted transfer molding.

10. The method of claim 9 wherein the cap is formed by providing a film which contacts the
first surface of the die and filling encapsulant material into spaces in non-die region of the

support carrier.

11. The method of claim 1 comprises forming a built-up package substrate having an
interconnect is formed on the second surface of the die, wherein the interconnect couples to

conductive pads of the same die.

12. The method of claim 11 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 including
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at least one die having first and second surfaces, the second surface of the die includes a plurality of
conductive pads; a cap having first and second surfaces to encapsulate the at least one die,
wherein the second surface of the cap is disposed at a different plane than the second surface of the
die; and a built-up package substrate having an interconnect on the second surface of the at least
one die, wherein the interconnect couples to the conductive pads of the same die. 16. The

semiconductor packaga@figlaim tenaheiesiher packagarsatesifale nMuedas:1aytirsbatiarned substrate
layer having vias on the second surface of the at least one die; and the interconnect includes a

conductive layessrichautitacs aidhatsuasiratedayaetoiforn crsdwatinelidsesand substiaie aa
contacts in the vias, wherein the conductive traces and the contacts are coupled to the conductive

pads of the sampetientdcts ARecseprdandheiamaackagpekdathe Swhaeein the package substrate
includes first and second major surfaces, the first major surface includes a first region corresponding
to a die attach region and a second region corresponding to a non-die attach region, wherein the
non-die attach region is disposed in a different plane than the die attach region. 18. The

semicondactor pagkaigel abchaimmihg whenaioibeceie pitasheregigitisngcessed into the cap with respect
to the first surface of the cap. 19. A semiconductor package comprising: at least one die stack

having first andgeeatidgsarfangsintheisecrRhsuirfadh whittbsdiesiaakiicel) e eipltialineeiconductive
pads; a cap having first and second surfaces to encapsulate the at least one die stack, wherein

the secopdBicfacehofidiRasrap isdiskeosgtha iy ttarentpianephdn the second surface of the die stack;
and a built-up package substrate having an interconnect on the second surface of the at least one

die stack, wherginthdingteepnecigduglesdodhmmdcndtctye padspeiilie warel ciet siackic 2ackhe
semiconductor package of claim 19 wherein the first surface of the cap is substantially coplanar with
the first sultae oh¢heddiedstacce of the cap is disposed at a different plane than the second surface of

the die stack; and

forming a built-up package substrate having an interconnect on the second surface of the

die stack, wherein the interconnect couples to conductive pads of the same die stack.

14. The method of claim 13 wherein the die stack includes at least a first die and a second

die, wherein a second surface of the first die forms the second surface of the die stack.

15. A semiconductor package comprising:

at least one die having first and second surfaces, the second surface of the die includes a
plurality of conductive pads;

a cap having first and second surfaces to encapsulate the at least one die, wherein the
second surface of the cap is disposed at a different plane than the second surface of the die; and

a built-up package substrate having an interconnect on the second surface of the at least

one die, wherein the interconnect couples to the conductive pads of the same die.

16.  The semiconductor package of claim 15 wherein the package substrate includes:
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a first patterned substrate layer having vias on the second surface of the at least one die;
and

the interconnect includes 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.

17.  The semiconductor package of claim 15 wherein the package substrate includes first and
second major surfaces, the first major surface includes a first region corresponding to a die attach
region and a second region corresponding to a non-die attach region, wherein the non-die attach

region is disposed in a different plane than the die attach region.

18.  The semiconductor package of claim 17 wherein the die attach region is recessed into the

cap with respect to the first surface of the cap.

19. A semiconductor package comprising:

at least one die stack having first and second surfaces, the second surface of the die stack
includes a plurality of conductive pads;

a cap having first and second surfaces to encapsulate the at least one die stack, wherein
the second surface of the cap is disposed at a different plane than the second surface of the die
stack; and

a built-up package substrate having an interconnect on the second surface of the at least

one die stack, wherein the interconnect couples to the conductive pads of the same die stack.

20. The semiconductor package of claim 19 wherein the first surface of the cap is

substantially coplanar with the first surface of the die stack.
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