SEMICONDUCTOR PACKAGE AND METHOD OF MAKING THE SAME
CROSS-REFERENCE TO RELATED PATENT APPLICATION [0001] The
present application claims priority from U.S. Provisional Application No.
61/027,843, which was filed on February 12, 2008, and is incorporated

rgEemn Op rabirIe e RPE NG E ABRCKIERA DN AVAK ING BENMEGNME
1. Field of the Invention [0002] The present invention relates to

semiconductor devices comprising two or more dies stacked vertically on
top of one another, and methods of making the semiconductor devices. 2.

DescripticROEh& RRERENSE 00683 VETRRIFAIENTD APPIUIGRIE BN Chips
in a stacked die package requires wafers to be processed with through

[0001Biliconhimfeesonrggitidationaibinfapeideitp dain(FERB) FlipvisignbloagiiigationeNo.
wafers are typically thinned or back-ground during the process of forming
61/02THe B twtdomnestfilednn FebretorelRN0008 pandésiafpostadkiaginey reference in its
thinned wafers require a support carrier that is temporarily bonded to the
entiretyafers during handling and equipment processing to prevent warping.
More particularly, the support carrier can improve the rigidity of the
thinned wafers in th8WelkeGReMgNDr QirgNsHi¢NIV ElET bONNect fabrication
process and wafer-level assembly process. However, the process of
1.  béreddhef tthe Bwyeptidncarrier to the wafer involves additional process and
material developments, additional equipment investment, increased
[0002packabegresest ancnéidditela@b poceasssieps alitastedstodine risdmglmg @ more dies
the support carrier to and de-bonding of the support carrier from the
stacked/ateticEbe mptapyof moe anotbee ssesnfiethiza sroh gnttkénst dek sahdee pmhckaigeevices.
will be illustrated with reference to FIGS. 1(a) to 1(d). [0004] FIG. 1(a)
2. sheaciatiomouirthe &estmsdAfdrming a thinned wafer that is temporarily
bonded to a first support carrier. The process begins with a wafer 1 that is
[0003ktchacketdsd stacking of multiple flip chips in a stacked die package requires wafers to be

processed with through silicon interconnects to enable face-to-back (F2B) flip chip bonding.

The wafers are typically thinned or back-ground during the process of forming the interconnects,
and therefore known processes for stacking the thinned wafers require a support carrier that is
temporarily bonded to the wafers during handling and equipment processing to prevent warping.
More particularly, the support carrier can improve the rigidity of the thinned wafers in the wafer-
level through silicon interconnect fabrication process and wafer-level assembly process.
However, the process of bonding the support carrier to the wafer involves additional process and
material developments, additional equipment investment, increased packaging cost and
additional process steps directed to the bonding of the support carrier to and de-bonding of the
support carrier from the wafer. Exemplary known processes for forming the stacked die package
will be illustrated with reference to FIGS. 1(a) to 1(d).

[0004] FIG. 1(a) shows a known process of forming a thinned wafer that is temporarily

bonded to a first support carrier. The process begins with a wafer 1 that is etched at its front



1 surface la to form vias 2 therein. The vias 2 extend from the front
surface la of the wafer 1 and patrtially into the wafer 1. The front surface la
of the wafer 1 and the vias 2 are plated with a dielectric layer, a barrier
metal layer and a seed layer (collectively referred to as numeral 3). The

surfacpladad foam Yiase thereiilleTihyitias Medetic fruntetialffoausirscoppetHEnifer 1 and
to form through silicon interconnects 5. Thereafter, metallization and

partialppdsiyationiders ftalltoiively figteltedftheagafemernal hearadorareglard with a
the front surface la of the wafer 1. To prepare the wafer 1 for thinning or

dielechickugmindingriarfiretauppertcatised layeo(cdbiavibly fefotredttheerdaméral 3). The
the wafer 1 using a bonding material 7a. The thinning of the wafer 1

platedadasipsaad ttsenefill gliviitben Imeaniposittddalkies fishrisstofipee (Butecfovafenrbugh
is back-ground until the through silicon interconnects 5 are exposed at
silicorthieieremnestd pomiensafiar, Metallization antipasesisatidioyaye(co(taitizetyetferred to
referred as numeral 8) are formed at the rear surface Ib of the thinned

as nurmenfie 6 L afe fonmresdl oy thenfiongt ofirfacd da lofithp weetallizalioprég&@dhpacksér. 1 for
Solder bumps 10 are formed on the under bump metallization pads 9.

thinnifasy3aekgBindin @) aficki Gupp arvawiarknsveorpiatesthe fisteician@did cbiitbe wafer 1
11 onto the thinned wafer with UBM pads 9 from FIG. 1(a). To prepare

using theofrdingsustacal|zzof The thimmed ofvtfenafestaokangs at sisceadssfppoiib, opposite to
carrier 12 is temporarily bonded to the rear surface Ib of the wafer using

the frdmbsdifegeriateiiak Lizfdollasveat by reimdvadtijdbdibnalint )sdidb e ifitstcanppots 5 are
carrier 7 from the front surface la. The flip chips 11 are stacked over the

exposécbatt theinfaiear kendfperiensl Saudii ethkizat toearalpags Va8 @f e fhigocthiesivdly referred
are aligned with the through silicon interconnects 5 of the wafer 1. The flip

as nunotrigis3) drareitimed airtterddrestinfdte alres$itnd ¢hsomddivea e cly ridl kwypgubloly forming of
carrier 12 removed. Solder bumps 15 are then provided on the rear

under surfgomdmbizdiowdiBN) Phds 9vabetdematimitip Idhaos fbinséd aketheherdmrbisnp
singulated into individual units 16 which are mounted onto a substrate 17.

metallizati aspetalSly is over-molded with molding material 18 and

[0005] FIGS. 1(b)(i) and 1(b)(ii) show a known process of stacking flip chips 11 onto the
thinned wafer with UBM pads 9 from FIG. 1(a). To prepare the front surface 1a of the thinned
wafer for stacking, a second support carrier 12 is temporarily bonded to the rear surface 1b of the
wafer using bonding material 12a followed by removal (de-bonding) of the first support carrier 7
from the front surface 1a. The flip chips 11 are stacked over the front surface 1a of wafer 1 such
that solder bumps 13 of the flip chips 11 are aligned with the through silicon interconnects 5 of
the wafer 1. The flip chips 11 are then under-filled with a resin 14 and the second support carrier
12 removed. Solder bumps 15 are then provided on the rear surface 1b of the wafer 1. The
wafer 1 with flip chips 11 stacked thereon is singulated into individual units 16 which are
mounted onto a substrate 17. The assembly is over-molded with molding material 18 and

mounted with solder balls 19 before being singulated into individual packages.



mounted with solder balls 19 before being singulated into individual

packages. 2 [0006] FIGS. 1(c)(i) and 1(c)(ii) show an alternate known

process of stacking flip chips 11 onto the thinned wafer 1 with UBM pads

9 and solder bumps 10 from FIG. 1(a). The first support carrier 7 is
[0006TeMavEBKiro) theatdin (W divefewlanTdewatek doisrsprocéasest staoking flip chips 11

individual dies which are mounted onto a substrate 17. Flip chips 11 are

onto tistapkekowiie Tentiswiiveafiitcartiesigechuingt o denben@s (3. of bafirst
flip chips 11 are aligned with the through silicon interconnects 5 of the

suppodiescrieng fipeshined fr@retbeehinmatewifted Withg egifed 4 isnththdaestingto individual
assembly over-molded with molding material 18. Solder balls 19 are

dies witighack enotlirecdnsiessicke iostriee ISUbSKiathipg 10lweddkesingtHatmnistoface of the
individual packages. [0007] FIG. 1(d) shows a semiconductor package

dies sueistiftingolcsmbilnaerosesshs digschibed byreFiHed (aitlatt tihjugh difdjon
and 1(c). [0008] The known processes of forming the stacked die package

interconviette Sluf tiwedtdfsompedkl iprubipssLp e thear iedervfilield vath resinltlih dhe the entire
disadvantages as highlighted above. There is therefore a need to provide

assemblpmagss dluddoaittatelast gaenated al I8y eSotday bl It wse fol tinel suitheounderside of

carriers. SUMMARY OF THE INVENTION [0009] The present invention
the supstreicd @3 selivived dycingdizvice sntoindiidthgitpackagewre dies stacked

vertically on top of one another, and methods of making the
[0007FemiEtdduEtpshbevs cesemic0a 0] dtor ipac Kag ekresultiny dices sbs @easseyitesdribed by

above, the wafers need not be fully processed in order to proceed with
FIGS.the@)daedidbking e)@essl(Ehat is, the wafer need not undergo both the

through silicon interconnect formation and the wafer thinning processes
[0008peforEhetheowrhppscessedef Stackad thetstat Kedsthagaskagkimyai/thiaehgesof one or

may be accomplished on semi- processed wafers which would have
more supp@itted itie Wincb glarsiksoh intdecoisadfalgesasiorhlighted above. There is
therefore a need to provide a process that can at least reduce usage or avoid the use of the
support carriers.

SUMMARY OF THE INVENTION

[0009] The present invention provides semiconductor devices comprising two or more dies
stacked vertically on top of one another, and methods of making the semiconductor devices.
[0010] Unlike the known processes as described above, the wafers need not be fully
processed in order to proceed with the die stacking process. That is, the wafer need not undergo
both the through silicon interconnect formation and the wafer thinning processes before other
chips can be stacked onto it. Instead, stacking of the chips may be accomplished on semi-
processed wafers which would have completed the through silicon interconnect fabrication
process but not the wafer thinning process. The un-thinned wafer provides support for the

assembly as the chips are stacked onto it and as the stacked structure is molded.



process but not the wafer thinning process. The un-thinned wafer provides
support for the assembly as the chips are stacked onto it and as the
stacked structure is molded. 3 [0011] After molding, the thinning of the
wafer occurs. The mold material provides support to the assembly during
[0011hinnAfgeansb RiING e sHMSIgRSTriHib v afes @ativils. fOT FRUPBRI HR IDeRSEESS support
such as backside metallization/passivation, under bump metallization pad
to the EBsaTALRNCWiRig thimingingd suTaliasomn, sicpdrbehprasasdigffdrepssspirnt processes
invention can, thus, reduce or eliminate reliance on the use of temporary

such ab®adesideupprillicatioarsassivigtiols impertamhfonteailinafen geandinatéord wafer
equipment processing in the known process as described above. [0012]

bumpiAgcsirdjoatiornrtaside mbdwsspetsrnieveantioentimreds, phavjdedloe or eliminate
method for forming a stacked die package, the method comprising:

reliancdt@ckhbysenef wmporergemicedduppart chipierk aticmissinpatanifafetiin wafer
over-molding the semiconductor chips with a molding material; and

handlitigranichgcfine rnackpsube it énvitaddam owrepedcditcas desonibddiagoseperformed
prior to the thinning. [0013] The method may be such that the molding

[0012matefiat pivigitsaplgspect tf the predent ohwenijometibiammyodided@ thethod for
thinning, the wafer is not coupled to a support carrier which is de-

formirgpaptatiteddinpdukagafene ondtimdadipdgsingtettaticmmprises moregeryiconductor
resin or a polymer-based encapsulation material. [0014] According to a

chips fodemasjzzodiod thefqrresenmoveinidhe Seene o guotadelol @ statblkethaliding material;
package formed according to the above-described method. [0015]

and thixodogdhmegbe la dided fod tlespaétro frther ginetbe raviervenatidimgt rsgper feomedipleok &o the
method for forming a stacked die package, the method comprising:

thinniagtaching one or more semiconductor chips to a front side of a wafer;
over-molding the semiconductor chips with a molding material; and

[0013kinguraamgethedwady rhie to dnib airtheors simguizted almpteyeessupport to the wafer
comprising at least one of

during the thinning; during the thinning, the wafer is not coupled to a support carrier which is de-

couplable from the wafer; or the molding material comprises an epoxy resin or a polymer-based
encapsulation material.

[0014] According to a further aspect of the present invention, there is provided a stacked die
package formed according to the above-described method.

[0015] According to a further aspect of the present invention, there is provided a method for
forming a stacked die package, the method comprising: attaching one or more semiconductor
chips to a front side of a wafer; over-molding the semiconductor chips with a molding material,
and singulating the wafer into one or more singulated units, each unit comprising at least one of
the semiconductor chips; wherein the over-molding is performed prior to the singulating the
wafer.

[0016] The method may be such that the molding material provides support to the wafer

during the singulating; during the singulating, the wafer is not coupled to a support carrier which



the semiconductor chips; wherein the over-molding is performed prior to
the singulating the wafer. [0016] The method may be such that the
molding material provides support to the wafer during the singulating;
during the singulating, the wafer is not coupled to a support carrier which

is de-chippte draptaidle frghar; tbeteies| dinghaatealdiognipaiteyahcpupyiagsnast a polymer-
epoxy resin or a polymer- based encapsulation material. [0017] According

based Eheafisttheioaspsetiaf.the present invention, there is provided a stacked die
package formed according to the above-described method. [0018]

[0017Accorticgrding foie feniasspbof dhenpiaassrtinwention, thereisppsoldeed stacked die
method for forming a stacked die package, the method comprising:

packageifahimgdiaecbedikg wrftheeabd\ae waderibedenpbsd. through silicon
interconnects; wherein a front side of the wafer is over-molded with a
[0018Mmoldmg onditeyiad svhictheersppstifiths preeeat imvertiveiteadsiptoviclips method for
and provides support to the wafer during the grinding. [0019] According to
formiray fattiaekeabprgiacktoe, phesaathiny eotmpnisihgr g rimghirayvitie dakosettfiand tsfra wafer to

forming a stacked die package comprising: etching a wafer to create one
exposethagh\sidisdn ihtervoatescttheviiasimat éndirgdeahthefroafesis aee-ofdided with a

wafer toward a back surface of the wafer, the vias terminating within the
moldingpfieatepiatvgitheemcafeuiatts andielecivie Eyeicoplddoigrttie pslsidgiravidgesupport to

with a barrier metal layer; plating the barrier metal layer with a seed layer;
the wdfdngdurihg thegriithng metallic material; polishing the front side of the

wafer; performing metallization and passivation on the front surface of the
[0019}vafe Acoughiigg @a éuotheraw eetrofdba guetent dhips tion ieeheistsoviialed aimethod for

the wafer such that conductive portions of the semiconductor chips align
formimwgithsteokadaiie padagkitompagsdhetadag theasemticmedieaioe ohipsrandathia the

front surface of the wafer with an under-fill material; covering the
wafer sthmicaneikietali o ipsraad i Stofacelofabe waktretovedet a back surface of the wafer,
the vias terminating within the wafer; plating the wafer with a dielectric layer; plating the
dielectric layer with a barrier metal layer; plating the barrier metal layer with a seed layer; filling
the vias with a metallic material; polishing the front side of the wafer; performing metallization
and passivation on the front surface of the wafer; coupling one or more semiconductor chips to
the front surface of the wafer such that conductive portions of the semiconductor chips align with
the vias; under-filling gaps between the semiconductor chips and the front surface of the wafer
with an under-fill material; covering the semiconductor chips and the front surface of the wafer
with a molding material; grinding the back surface of the wafer to expose the vias from the back
surface of the wafer; performing metallization and passivation on the back surface of the wafer;
forming under bump metallization pads on metallized portions of the back surface of the wafer;
coupling conductive bumps to the under bump metallization pads; singulating the wafer into

singulated units, each singulated unit comprising at least one semiconductor chip and a portion

of the wafer; chip to substrate attachment coupling the singulated units to a front surface of a



with a molding material; grinding the back surface of the wafer to expose

the vias from the back surface of the wafer; performing metallization and

passivation on the back surface of the wafer; forming under bump

metallization pads on metallized portions of the back surface of the wafer;
substreeyplirforaging uetivgsbonv s tadbefilidggapsetwedalizatiogulads; units and the front

singulating the wafer into singulated units, each singulated unit

surface@npisinigsabie agtione Brimidilh chactoia ipdasvdameldiag tied Shegwafed;units and the
chip to substrate attachment coupling the singulated units to a front

front ssffee@foiha Subsipsi atéthpemoldingattéeast moentingdestifibing@miestions to the
between the singulated units and the front surface of the substrate with
back sarfavedsfrihid subsatil, singudatérgnia duigtitace $mg ykmdebniiks @mshtRegdspadch
surface of the substrate with a molding material; mounting electrical
semicoadutotipacskigdhenimidirgLatdessobibsiagbktetentiagulapogitrecs ubstastrate.
into semiconductor packages, each semiconductor package comprising
[0020Tt leasteanetisoagukatdartiait @nmipni gpostiakiod tee sulvstratnte@M0E veafers between
method may further comprise stacking one or more intermediate wafers
the seinétorekictdhenseardaheluctier.chip and the wafer. [0021] According to a
further aspect of the present invention, there is provided a semiconductor
[0021packageocoimptisnfyrthsudspieatef ehBrstedentiavergianirther sidgrevidetka
side, and a plurality of through silicon interconnects, the first die being
semicetackent patkatecsuiisisitg; asdbatraecarfd sidihasuiggeaffamt side, adaaklside, and a
side, and a first plurality of conductive bumps formed at the back side of
pluralityeo$ ¢tuoaddsdiche iseaondndshéiadistadiedringtetdbleetirshidi¢harsdbstrate; and a
under-filled such that the first plurality of conductive bumps communicate
seconavitie tiaw itig aUfgimsHidea betek oo @atsa fiket rdur & ifir stfraid utiate iaimps formed at
encapsulates the second die and the front side of the first die; and a
the bask satedofrtbsatatetidilee theasesolat eletbei figsttalike dhen sethenir stidjesard] ander-filled
plurality of external electrical connections. [0022] In the semiconductor
such thaidkadesiealonatfytiod chrolughvsilconpscerconunecztte il thettrepugh silicon

interconnects; wherein a first mold material encapsulates the second die and the front side of the
first die; and a second mold material encapsulates the first die, the second die, and a plurality of
external electrical connections.

[0022] In the semiconductor package, each of the through silicon interconnects may further
comprise: an end portion at the back side of the first die and a top portion at the front side of the
first die; a dielectric layer formed along internal walls of the through silicon interconnect; a
barrier metal layer formed over the dielectric layer; a seed layer formed over the barrier metal
layer; and a metallic material filling space within the internal walls of the through silicon
interconnect.

[0023] The semiconductor package may further comprise: a metallic layer and a passivation
layer formed on the front side of the first die so as to be non-overlapping; a metallic layer and a

passivation layer formed on the back side of the first die so as to be non-overlapping; a plurality



comprise: an end portion at the back side of the first die and a top portion
at the front side of the first die; a dielectric layer formed along internal
walls of the through silicon interconnect; a barrier metal layer formed over
the dielectric layer; a seed layer formed over the barrier metal layer; and

of UBMpetsfiermedeiatilingshacs vithinidedokeiaalof alts fakthgethinigbecond plurality
silicon interconnect. [0023] The semiconductor package may further

of condotwessirapfiatiilayenaus mMyassivation layer formed on the front side
of the first die so as to be non-overlapping; a metallic layer and a

passivation layer BRIEEIDFSOR IPACR NidE-Of HEE DIRAWENGSAS to be
non-overlapping; a plurality 6 of UBM pads formed on the metallic layer

[0024pn thEheadiowcm@bther fieatulie; @fittleopsezonthpintiditywilf becuinetivere apparent by
bumps formed on the UBM pads. BRIEF DESCRIPTION OF THE

describIRAW SIS dfiRglaihencimiimentsl ththesffeath refeadritetp tbsantoneentrawings in
will become more apparent by describing in detail exemplary

whichembodiments thereof with reference to the attached drawings in which:
[0025] FIG. 1(a) illustrates a known process of forming a thinned wafer

[0025Fhat iBlBon¢edItastratesh dumoporpeacessro fFORHiNG| &5thiridy) (Y afadiba) @is)bonded to a
illustrate a known process of stacking flip chips onto the thinned wafer

first supipor@ipads from FIG. 1(a). [0027] FIG. 1(c)(i) and 1(c)(ii) illustrate an
alternate known process of stacking flip chips onto the thinned wafer with

[0026]UBMAv&8s Hbili$ alattd(b)(imat detmte-d&ndva) pioo2s)] otIackidy iflijs thitesato the
known semiconductor package resulting from the processes described by
thinneB B&er\(ajrade M ppderflon GRS . 1163) and 1(c). [0029] FIGS. 2(a)-2(0)
show a process flow diagram for making a semiconductor device
[0027] FIG. 1(c)(i) and 1(c)(ii) illustrate an alternate known process of stacking flip chips
onto the thinned wafer with UBM pads and solder bumps from FIG. 1(a).
[0028] FIG. 1(d) illustrates a known semiconductor package resulting from the processes
described by FIGS. 1(a) and 1(b), or by FIGS. 1(a) and 1(c).
[0029] FIGS. 2(a)-2(0) show a process flow diagram for making a semiconductor device
according to an exemplary embodiment of the invention.
[0030] FIG. 3(a) shows a semiconductor device according to an exemplary embodiment of
the invention.
[0031] FIG. 3(b) shows a semiconductor device according to an alternative exemplary
embodiment of the invention.
[0032] FIGS. 4(a)-4(j) show a process flow diagram for making an intermediate die.
[0033] FIGS. 5(a)-5(j) show a process flow diagram for making a semiconductor device
according to another exemplary embodiment of the invention.

[0034] FIG. 6 show a semiconductor device according to a further exemplary embodiment of

the invention.



according to an exemplary embodiment of the invention. [0030] FIG. 3(a)
shows a semiconductor device according to an exemplary embodiment of
the invention. [0031] FIG. 3(b) shows a semiconductor device according to
an alternative exemplary embodiment of the invention. [0032] FIGS.
4(a)-45 SAOVEDMESTR IFGWONAQRITHE IERENRL ARWIENMBORIS/ERTS
[0033] FIGS. 5(a)-5(j) show a process flow diagram for making a
[0035FeMmiThppusiaitdevietioaceiliting be dethbsdcxpndialy aibostiratead tihe
invention. [0034] FIG. 6 show a semiconductor device according to a
acconfpatiydficcarnviigsy iamhictimenhsibrthenibedntionts G lkdafon are shown.
DESCRIPTION OF THE EXEMPLARY EMBODIMENTS [0035] The
present invention will now be described more fully with reference to the
accompanying drawings, in which exemplary embodiments of the
Stackdd\Fackagearavihgwno Biimsked Package Having Two Dies [0036] A
process of making a semiconductor device is described with reference to
[00361he praresss§lofwndiRgramseid6ifdudier)devii®)s ReSihddwitroetzssnce to the
comprises the steps 1 to 15 which will be described in detail in the
procepdiagrdilosahetf I D3RR ) W) Etching” step 1, FIG. 2(a):- A wafer 100
is etched to create one or more vias 110 in the wafer 100. The wafer can
[0037Dpe aiT heguiicessiticomnisatethevitiopsil actibeveichitnyl| endesddeddivedetajlan the
an active silicon wafer with active circuitry embedded therein. Where the
paragraptiebedamn active wafer, it would result in a functional die in the resulting
stacked die package. Where the wafer is an inactive wafer, it would
[0038Functivvader &tcimtey'pstepriidri@st{hlatidgwiafer 100 is etched to create one or more vias

110 in the wafer 100. The wafer can be an inactive silicon wafer without active circuitry
embedded therein, or an active silicon wafer with active circuitry embedded therein. Where the
wafer is an active wafer, it would result in a functional die in the resulting stacked die package.
Where the wafer is an inactive wafer, it would function as an interposer for distributing finer
pitch connections of the chip stacked above to larger pitch connections of the the substrate
below. The etching can be achieved by patterning a mask (not shown) onto a front side 100a of
the wafer 100. The mask exposes areas of the front side 100a of the wafer 100 where the vias
110 are to be formed and covers the remaining areas. Etching, for example, deep reactive-ion
etching (DRIE), is then performed to form the vias 110 in the wafer 100. The mask is removed
after the etching is completed. Other etching techniques include but are not limited to laser
drilling. The vias 110 extend from the front surface 100a of the wafer 100 toward a rear surface
100b such that their end portions 110a reside partially in the wafer 100.

[0039] "Dielectric, Barrier & Seed Deposition” step 2, FIG. 2(b):- The etched wafer 100
from step 1 is plated with a dielectric layer, followed by a barrier metal layer over the dielectric

layer, and followed by a seed layer over the barrier metal layer. The dielectric layer is usually



pitch connections of the chip stacked above to larger pitch connections of
the the substrate below. The etching can be achieved by patterning a
mask (not shown) onto a front side 100a of the wafer 100. The mask
exposes areas of the front side 100a of the wafer 100 where the vias 110
silicorfgioidee foieedrividreaaey ¢hensgrbaining areasariiehimerideroexamdien silicon
deep reactive-ion etching (DRIE), is then performed to form the vias 110
nitriden e veateladO0man®aapkds seangusttleaitetaln e-etchisigoibi tosoatedadthe dielectric
Other etching techniques include but are not limited to laser drilling. The
layer, Wieshak2exiea bl fsematitbtrosdesidpacaldOs ot tiel ywalesnDe tovvardld20an the
surface 100b such that their end portions 110a reside partially in the
drawinggfer 100. [0039] "Dielectric, Barrier & Seed Deposition" step 2, FIG.
2(b):- The etched wafer 100 from step 1 is plated with a dielectric layer,
[0040Followeehimilrlgirsiep B)ated |@ye): oVae thefelic@Tfionm 3ty 2ds fichavptatdeywith a
a seed layer over the barrier metal layer. The dielectric layer is usually 8
metall$tlicatedadige ta fid trerias Edalitythenmeyabie titatdriad, 13@andhemtederor through
tantalum silicon nitride. The seed layer may be copper or any other metal.
silicorFmteresenet il ugawweotingle)eoty sndaypetiotie haarafriheataslage vatichtve be
seed layer are collectively given the numeral 120 in the drawings. [0040]
referré¥/ta &slingd'pstapri3, 1RTa.d¥ (ihe-tAroe ghaidic A0 thfrocorsteris2l kOfuthe nelatéid material
with a metallic material 130 to fill the vias 110 with the metallic material
may, fb8@xantp lee beedpper thwogsien silipolysilieooonnects 140. Accordingly, the
end portions 110a of the vias 110 will now be referred to as end portions
[0041]L404'Bf cheSieoRglisBihgb steptdrdai@ &ty : TAR: Whtern2dalfromatepi@ nmagyindergo a
for example, be copper, tungsten or polysilicon. [0041] "Front Side
polishihglistuicess steh 4s Ehen e métiamnvede po HO0Nydmretepy8 angyasitiatgoetallic
polishing process such as chemical mechanical polishing to remove any
matericd iddéé .oy etalpige mnatdha fdB0 (el 1L00apddhe ovafhe 00 nwistde the Ve ol fideare
wafer 100 where the vias 110 are
formed.

[0042] "Front Side Metallization/Passivation” step 5, FIG. 2(e):- Front side metallization and
passivation are carried out on the wafers 100 from step 4. As used herein, "front side" refers to
the surface of the wafer 100 where the vias 110 are formed and the "back side" refers to the
opposite surface of the wafer 100. The metallization process involves patterning metal traces
and bond pads (not shown) on top or front side 100a of the wafer 100 and the through silicon
interconnects 140. The metallic layer used in patterning the metal traces and bond pads may be
copper, aluminum or other metals. The passivation process coats areas on the front side of the
wafer, which are not covered by the metallization layer, with a passivation layer such as silicon
nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy resin
(trade names: “WPR-1020", “WPR-1050" or “WPR-1201", products of JSR Micro, Inc.). For
ease of illustration, the front side metallization and passivation layers are collectively given the

numeral 150 in the drawings.



formed. [0042] "Front Side Metallization/Passivation" step 5, FIG. 2(e):-

Front side metallization and passivation are carried out on the wafers 100

from step 4. As used herein, "front side" refers to the surface of the wafer

100 where the vias 110 are formed and the "back side" refers to the
[0043ppposiieisusiavefof Keavraientt Glplt)e-nestadiizatior prosesssimvivieguctor chips

patterning metal traces and bond pads (not shown) on top or front side

160, ed€Wpro¥idel wafie s Ha@ernd tioeritviotghisiigm T0tauckhanectset #0mpbeare positioned
metallic layer used in patterning the metal traces and bond pads may be

over tis@fioat salfiswenLovasfatirenaiatalio Juvh passhutonpeioessiopats7aretthe
on the front side of the wafer, which are not covered by the metallization
semictmgectovithippassmatidiyirdensiarb mscaticanwiilrite tsibogh silieadenterconnects
polyimide, benzocyclobutene (BCB) or a photosensitive epoxy resin
140 of(ttedeafanies; "THE Bad 02 0oy éBRicPROt tor WIRRLARAiRY bearthtmitedtby dicing a
JSR Micro, Inc.). For ease of illustration, the front side metallization and
bumpgzhaaifert{not lshwes yare leodeativety g@buenpe7 hofmeeae b Coimdteod hiped S0 are then
9 [0043] "Chip-to-Wafer Attachment" step 6, FIG. 2(f):- One or more
refloneentoaendtdtaitiebipseritalf, teachipsddded thetivafgrat®n of conductive
bumps 170 such as solder bumps, are positioned over the front surface
[00441L00a" ointdhee-fikifiey " 196pst dH G the Thadaptivetiuesmpihd ¢0imd 166, the conductive
semiconductor chips 160 are aligned and are in contact with the through
bumpsilic®anictbecronesite 160 of the walkar 1000ard lnadenditedneoitd an under-fill material
semiconductor chips 160 may be obtained by dicing a bumped wafer (not
180 susihcasa) gy oesiiuotivehbumatsriald aicthas setyicendastdreabgpsul itoanmaterials.
then reflowed to result in attachment of the chips 160 to the wafer 100.
[0045]0044Wafadeeélingdldiep st G, @) 2(h)e HepwafetviO8 rartdehelcpgpd €60 are
the conductive bumps 170 and the front side 100a of the wafer 100 are
coverashaéh fitleld nvitimate naldofdLiohete AaleiBQ sesth aspalyepobasediencapstiation
materials such as polymer-based encapsulation materials.
material.

[0046] "Wafer Thinning" step 9, FIG. 2(i):- The molded wafer 100 from step (8) is ground
and polished at its backside 100b to expose end portions 140a of the through silicon
interconnects 140.

[0047] "Back Side Metallization/Passivation™ step 10, FIG. 2(j):- Back side metallization and
passivation are carried out on the thinned wafers 100 from step 9. The metallization process
patterns metal traces and bond pads over the back side 100b of the wafer and end portions 140a
of the through silicon interconnects 140. The metallic layer used in patterning the metal traces
may be copper, aluminum or other metals. The passivation process coats areas on the back side
of the wafer, which are not covered by the metallization layer, with a passivation layer such as
silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy

resin (trade names: “WPR-1020", “WPR-1050" or “WPR-1201", products of JSR Micro, Inc.).
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[0045] "Wafer Level Molding" step 8, FIG. 2(h):- The wafer 100 and the
chips 160 are covered with molding material 190 such as an epoxy resin
or polymer-based encapsulation material. [0046] "Wafer Thinning" step 9,
FIG. 2(i):- The molded wafer 100 from step (8) is ground and polished at

For eads beitkaigetibaOhébevipiserastdl peationaddiiir phibiedhonugyesilimeneferred to
interconnects 140. [0047] "Back Side Metallization/Passivation” step 10,

collecfiVely24y) thBacksiale2oteialiizatianvang. passivation are carried out on the
thinned wafers 100 from step 9. The metallization process patterns metal

[0048]raced madrimebpacialtivetiche heack BideG, CQk) of tindsvafenantiization (UBM)
portions 140a of the through silicon interconnects 140. The metallic layer

pads 21sedtdfqpatéeroins: kemeteddisfabe meal e coppmatfniawafar xgdérom step 10.
metals. The passivation process coats areas on the back side of the

The selaated artsmayeos dbcaierefbbsntmtingtediciaiicind ayeipsvithsaboegsiviatiep 12. The
layer such as silicon nitride, silicon dioxide, polyimide, benzocyclobutene

UBM (RGE) 10r gyttt ossiesiivel ApioXy, rashi-(rale Cam@adVaamitBa0Cu/Cr/Al, Ti-
"WPR-1050" or "WPR-1201", products of JSR Micro, Inc.). 10 For ease of

W/CullNigERYICO (R, IcaiBsiQa (BRYAidBRRNT aNd(ER) pa3swatiaMNayers are
referred to collectively by the numeral 200 in the drawings. [0048] "Under

[0049pumpWedftal Bzatipiniy S stepliR, FIG. 2(K)-ThedeB Muipadsaetadizhtiback 8dd)L00b of the
pads 210 are formed on selected areas of the metallized portions of the

wafer Welerd ptbiroed stégh tOndilittevsdiecies22®asmas/sbiéo dateorefects. Other non-
mounting conductive bumps in subsequent step 12. The UBM pads 210

solderrimagrbenneatid rafl Ud ANLA ar A0 HYidd, (G @dhipR plllariGRuld GudSy kAd, Ti-
W/CUu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/NI(EP), Ti/Ni(EP) or Ti/Ai/Ti/NiV.

[0050]004 9% ivyalarddtistpnty, $tEp. 223 h2(hymjdtevidBiviapdah ipdratttive from step 12
back side 100b of the wafer 100 are provided with conductive bumps 220

is singsiliatiechis wolidividtedaontse236, €ttewmbeemprising one chip and one singulated wafer.

Alternatively, the singulation may be such that the individual units comprise more than one chip
and singulated wafer.

[0051] "Chip-to-Substrate Attachment and Under-filling or Over-molding” step 14, FIG.
2(n)(i) and FIG. 2(n)(ii):- The singulated units 230 are attached to a substrate 240 by reflowing
the solder interconnects 220 at the backside 100b of the wafer 100. The mounted units 230 are
either under-filled [FIG. 2(n)(ii)] or over-molded [FIG. 2(n)(i)] with a molding material 250 such
as an epoxy resin or polymer-based encapsulation material. The substrate 240 may be an
organic/laminate substrate.

[0052] "Solder Ball Mounting and Singulation” step 15, FIG. 2(0)(i) and FIG. 2(0)(ii):- The
underside of the substrate 240 is provided with external electrical connections 260 such as solder
balls. The entire assembly is then singulated to form individual semiconductor packages which

are shown in FIGS. 3(a) or 3(b).
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solder interconnects include but are not limited to Copper pillars, Gold
studs, etc. [0050] "Singulation” step 13, FIG. 2(m):- The bumped wafer
and chip structure from step 12 is singulated into individual units 230,
each unit comprising one chip and one singulated wafer. Alternatively, the
[0053BiNgWHEEOB( M8V SLseibandoetdnyitttgd BOTS«0ItipGFeomBtephaoa®: The
chip and singulated wafer. [0051] "Chip-to-Substrate Attachment and
semicbhodetofiljackagDoer onalstings siepiddulatka.uitDE0 arochistep 24mtiikh Bwtached to
singulated units 230 are attached to a substrate 240 by reflowing the
the substider Pakravrenet 32 (s alvdrentm ks inlét H¥ned| thegwaderibk0 050 hestep 14.
mounted units 230 are either under-filled [FIG. 2(n)(ii)] or over-molded
[0054]FI1G F261)8(0 vetibvas o kil iogh aveseniid @l stoe pacisage 4000xsukBig from steps 1 to 15.
polymer-based encapsulation material. The substrate 240 may be an
The alwgrircanioatiacubptickeyd A052iHniides BaltiMpiatdqrind Difigmesiop'13
step 15, FIG. 2(0)(i) and FIG. 2(0)(ii):- The underside of the substrate 240
attachégl poatigiabsuitiec2der et eladtrdSal isamoectilies 26¢th sheimakisajdeatdrall 250 in step
The entire assembly is then singulated to form individual semiconductor
14. packages which are shown in FIGS. 3(a) or 3(b). 11 [0053] FIG. 3(a)
shows a semiconductor package 300 resulting from steps 1 to 15. The
[0055emitimhittacher jaakkge sti@0uroresuiteg frevskmpwatpcasge? 30 shomrsie-1G. 1(c),
13 which is attached to the substrate 240. The unit 230 is over-molded
the packtydh8000l0MhgsrsiademainaGH 3(apahd. J00) 543 HiGg (hthewmpessses of the
alternate semiconductor package 400 resulting from steps 1 to 15. The
preseraléerbadénseTnizes duotddehpicige el (Becsinyulizted tnét 2BQ)uAdtbioh tinstgaBRages 300,
from step 13 attached to the substrate 240. The unit 230 is under-filled
400. Witk ithee nasaldivfig e dididéd rdS6y ah Isteloliigt. JROIH]RVGLIREHevhatkadyantageously
structure resulting from known processes as shown in FIG. 1(c),
protects and supports the wafer 100 and the flip chips 160 stacked thereon, during subsequent

steps 9 to 13, for example, "Wafer Thinning" step 9 and "Singulation” step 13. Also, prior to
step 9, the un-thinned wafer provides structural support for the through silicon interconnect

formation, chip to attachment to the wafer and molding (i.e., steps 1 to 8).

Stacked Package Having Three or More Dies

[0056] Whilst the description for the first embodiment above describes a process of making a
two-stacked die package, it will be appreciated that the process may be extended to a package of
three, four or more stacked dies.

[0057] For the stacked packages with three or more dies, intermediate dies with through
silicon interconnects may be inserted between the top flip chip and the bottom wafer. An
exemplary process of forming the intermediate die with through silicon interconnects is

described below with reference to FIGS. 4(a) to 4(j).
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the packages 300, 400 as shown in FIGS. 3(a) and 3(b) resulting from the
processes of the present embodiment have a molded package (the
singulated unit 230) within the packages 300, 400. This is a result of the
"Wafer Level Molding" step 8 [FIG. 2(h)] which advantageously protects

[0058pNnd supgfertstitengyasesplO0-eadattag flw whfes 300 stacketithetaeotiioingore vias
subsequent steps 9 to 13, for example, "Wafer Thinning" step 9 and

310 in"thinglaketiaol stepelsdciirpcaprioy dohistai Bytpattamihdranerskdfert phowdEsnto a
structural support for the through silicon interconnect formation, chip to

front sidkasbbaasftite thefovaiey. ahbemaickiyiosss steqsot thedrobtaiiesdBackagewafer 300
Having Three or More Dies [0056] Whilst the description for the first

whereghebgairaenhebrvecdontEbanddonetse ot making aebwoSigikgafdiexample, deep
package, it will be appreciated that the process may be extended to a

reactiyeaideagremhgtiDe B us themosefatackad fhiea.tfe0G74 510 thehstaaked300. The mask
packages with three or more dies, intermediate dies with through silicon

is remintedcafteneiotsetolind & icsatieck e Wibenetiori toptdtpnétiiesiindl thie bottoenot limited
wafer. An exemplary process of forming the intermediate die with through

to lasesiticdlingterbeviascsd (e xdesd filned the fronnsthfeeteBe0a @ fithE Wdfe418) toward a rear
4(j). 12 [0058] "Wafer Etching" step 1, FIG. 4(a):- A wafer 300 is etched to

surfacerg@ib suvh trather e paitibins BidavatidSPdrtiahyg ettidvgtarBoe.
achieved by patterning a mask (not shown) onto a front side 300a of the

[0059 vafer Bidleclitie; Brasieredepesteasst mthstdpd) tFdide4gbPa il heaferafer 300
300 where the vias 310 are to be formed and covers the remaining areas.

from dkeeHingp ke e xath e el aectp criagetiViellowed diyirrgo iR ets It hegte rpmréo theadielectric
to form the vias 310 in the wafer 300. The mask is removed after the

layer, etchfoljos/emd bhyphetestl @ybeowdctinddadtmicpialslayetudehbutideetnotiyeitésiusual ly
to laser drilling. The vias 310 extend from the front surface 300a of the

silicomgifedi deO OTtioezmdti er neataldayferoa B00btEaciuth dittneunendr pertoten@dida silicon
reside partially in the wafer 300.

nitride. The seed layer may be copper or any other metal. For ease of illustration, the dielectric

layer, the barrier metal layer and the seed layer are collectively given the numeral 320 in the

drawings.

[0060] "Via Filling" step 3, FIG. 4(c):- The wafer 300 from step 2 is further plated with a

metallic material 330 to fill the vias 310 with the metallic material 330 and hence form through

silicon interconnects 340. Accordingly, the end portions 310a of the vias 310 will now be

referred to as end portions of the through silicon interconnects 340a. The metallic material may,

for example, be copper, tungsten or polysilicon.

[0061] "Front Side Polishing" step 4, FIG. 4(d): The wafers 300 from step 3 may undergo a

polishing process such as chemical mechanical polishing to remove any residual metallic

material 330 (e.g., copper) on the front side 300a of the wafer 300 where the vias 310 are

formed.
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[0059] "Dielectric, Barrier & Seed Deposition” step 2, FIG. 4(b):- The
etched wafer 300 from step 1 is plated with a dielectric layer, followed by
a barrier metal layer over the dielectric layer, and followed by a seed
layer over the barrier metal layer. The dielectric layer is usually silicon
[0062 ioxiterohbsibevietaligtaildarassnayibre’ dtap sirm Gtary) mmidrdsidy metallization and
tantalum silicon nitride. The seed layer may be copper or any other metal.

passivatieasecafriddsitaiborththwadiese3tidriaysteghe Rartisiometainaifesanitttaefers to
seed layer are collectively given the numeral 320 in the drawings. [0060]

the surfdiz billihgihatiep R 0RBerd(the-vide3natat 300nEoanstee 2oickusiber rekeredo the
with a metallic material 330 to fill the vias 310 with the metallic material

oppositseurfuddentte foafortBooudrhesitictillitgonqimoesss in¢olvas pandimihy, iieeal traces
end portions 310a of the vias 310 will now be referred to as end portions

and bafdipedh(noigdhsilisponnderodtirects B40a 300 ohitalvafaredediahthig, tHamugh silicon
example, be copper, tungsten or polysilicon. [0061] "Front Side Polishing”

intercatapcts F4G. #d)metudlivddges (ed fropatsieng thaynetudergresanebbishingads may be
process such as chemical mechanical polishing to remove any residual

coppemeltatinumade ttled Btk (el g . Ttrgraes)val dhe foortsstdeatSB@asadrihieeviiahier side of the
300 where the vias 310 are formed. 13 [0062] "Front Side

wafer Métizhi 2a¢i oot Ragsivatigrthstaptél]izdGort (&) er Rrdtht Siziesivetallizayiersactdas silicon
passivation are carried out on the wafers 300 from step 4. As used herein,

nitride’fedlitasiddo xiele rsalyirtiides bdaner pf e teadd BEE) wihee phdiwsanaisi3d Opase resin
formed and the "back side" refers to the opposite surface of the wafer

(trade B@ahedaNMRE 028t OTVPER:26501H wo VAP Ratizd hingrothietstodi dSR Rtidrdadind.). For
pads (not shown) on top of the front side 300a of the wafer 300 and the

ease oftittustylatgolicdime frdatcoeetal B4l onhendnedsdlicateyrelayseschm palteetnaly referred to
the metal traces and bond pads may be copper, aluminum or other

by themetadsal T35 pats\iatiangsocess coats areas on the front side of the

[0063] "Wafer Thinning" step 6, FIG. 4(f):- The wafer 300 from step (6) is ground and
polished at its backside 300b to expose end portions 340a of the through silicon interconnects
340.

[0064] "Back Side Metallization/Passivation™ step 7, FIG. 4(g):- Back side metallization and
passivation are carried out on the thinned wafers 300 from step 6. The metallization process
patterns metal traces and bond pads over the back side 300b of the wafer and end portions 340a
of the through silicon interconnects 340. The metallic layer used in patterning the metal traces
may be copper, aluminum or other metals. The passivation process coats areas on the back side
of the wafer, which are not covered by the metallization layer, with a passivation layer such as
silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy
resin (trade names: “WPR-1020", “WPR-1050" or “WPR-1201", products of JSR Micro, Inc.).
For ease of illustration, the backside metallization and the passivation layers are given the

numeral 400 in the drawings.
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wafer, which are not covered by the metallization layer, with a passivation
layer such as silicon nitride, silicon dioxide, polyimide, benzocyclobutene
(BCB) or a photosensitive epoxy resin (trade names: "WPR-1020",
"WPR-1050" or "WPR-1201", products of JSR Micro, Inc.). For ease of
[0065]llustrasiafer thenfromesillzatietel ieatiorFaad4gaRsivatdendar matglization (UBM)
collectively referred to by the numeral 350 in the drawings. [0063] "Wafer

pads 4IDinringlne 6 séltCied @ead be tharest30R doqporsie (F)tie gistendcntiom step 7.
polished at its backside 300b to expose end portions 340a of the through

The seliioth drdes comnia 13442id0O et cirickthicl e Uvipial izaiioadBassivafioblimping step
step 7, FIG. 4(g):- Back side metallization and passivation are carried out

9. Thewse itonedowvadgrse30ad afien/B.uT Ad/ NietdlaaGarNiaaess/INaRanc/Cr/Al,
metal traces and bond pads over the back side 300b of the wafer and end
Ti-W/Roro(EP3EHES) Hoe/ CuigE RN R) [erdNi(ERL 9 SHDATME Miwtallic layer
used in patterning the metal traces may be copper, aluminum or other
[0066MetalsVaToe BaapiviaticrepBdEdss ¢aqtsTheaBin fheskiddkasitie batkstde 300b of the
wafer, which are not covered by the metallization layer, with a passivation
wafer BY@asymtodsedidtimooitddetivlimonmid2@isugodyisoider brezoayetrhu@her non-
(BCB) or a photosensitive epoxy resin (trade names: "WPR-1020",
solder"WMtEtiRe &S mcTWUE Byt 2@ otliodtectsoafofpR Mitars, budd stids, esse of
illustration, the backside metallization and the passivation layers are given
[0067the HBMguEtddO steth&0d FRIGINYH). L1 #HOD6&IpEd vafe band giesallizatioftom step 9 is
step 8, FIG. 4(h):- Under bump metallization (UBM) pads 410 are formed
singulatedeleriadivicad aiitbemdesliz@d portions of the wafer 300 from step 7.
The selected areas may form locations for conductive bumps in
[0068 FubskHauanbevadeedoam pingasteienghoriy bidkkepadppbiOcanayriattabetbtofthe front
Al/Ni/Au, Al/Ni-V/Cu, Cu/Ni/Au, Cu/Ni/Pd, Cu/Cr/Al,
surfacd 300 o/ Ni(ER)yaliy(&ppoariauido i EdiieriBe)iatd INKER] Lo imGise pEI AN/ 9.

[0069] To form the semiconductor package with three or more stacked dies, the same process
steps 1 to 5 as shown in FIGS. 2(a) to 2(e) are performed. FIGS. 5(a) to 5(j) show subsequent
steps 6 to 15, respectively, which will be described below.

[0070] "Chip-to-Wafer Attachment” step 6, FIG. 5(a):- The resulting intermediate dies 430
may be stacked on the 1st wafer 300 such that the conductive bumps 420 are aligned with the
through silicon interconnects 340 of the 1st wafer 300. The 1st wafer 300 may be an active
wafer or an inactive wafer. If desired, further intermediate dies may be stacked on top the
intermediate die 430 in the same manner. For ease of illustration and description, the description
and drawings would show the steps for forming a three die stacked package. Semiconductor
chips 360, each provided with a pattern of conductive bumps 370 such as solder bumps, are
positioned over the intermediate dies 430 such that the conductive bumps 370 of the

semiconductor chips 360 are aligned and are in contact with the through silicon interconnects
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[0066] "Wafer Bumping" step 9, FIG. 4(i):- The UBM pads 410 at the back
side 300b of the wafer 300 are provided with conductive bumps 420 such
as solder interconnects. Other non- solder interconnects include but are
not limited to copper pillars, gold studs, etc. [0067] "Singulation” step 10,

340 offthe .iddrmddietduiepeswales snciciripustoraibiiss Beomsigm e dstdinguigteiting a
into individual units or dies 430. [0068] It may be necessary to use a

bumpdewafsiagiyobeheled) suprars eadutigvebianped 10 dfiehtrepinisuHaascd@B#ptB60 are then
structurally support the thinned intermediate wafer during steps 6 to 9.

reflowéiPPicSolfoira it isemiod tidugiips 3aokagaaniite timeiacy diwyre3gacked
dies, the same process steps 1 to 5 as shown in FIGS. 2(a) to 2(e) are

[0071perforovettrFilhgy St@p o, BiiE sbm):-sthsgapebétetenste hilfs,360 and the
respectively, which will be described below. [0070] "Chip-to-Wafer

interm@ttiathdiesnd36tepEhétiieeh (ki Mtbenatialtingesuetnaaditie Miewafd0mayaye under-
be stacked on the 1st wafer 300 such that the conductive bumps 420 are

filled whithredunidr il riatetighgsisachiateceporgiesdoodtties dnteratesddas polymer-
The 1st wafer 300 may be an active wafer or an inactive wafer. If desired,

based fnthpsulatésmediatealdies may be stacked on top the intermediate die 430
in the same manner. For ease of illustration and description, the

[0072HescYiader lagnck lokéoliihgs siepld, sHAVE(: sTEEsIkinvafeniB@Oatter exetiieediate dies
stacked package. Semiconductor chips 360, each provided with a pattern

430 araf theruhiesigétannps/8itdl suithrasldvigendtenap39aseichasitinredxyvesitner polymer-
intermediate dies 430 such that the conductive bumps 370 of the

based secapsuhatiarionathiped. 360 are aligned and are in contact with the through
silicon interconnects 15 340 of the intermediate dies 430. The

[0073emitdfadierctdn iy’ 3&p M dy GeSpthaimnee inglded vgagert30o hedvstede 8 (isground
shown). The conductive bumps 370 of the semiconductor chips 360 are
and pdhsired efldsveatkoide 20 mntatzpbtsaent pbttierch3deB360the theigiesniediate
dies 430. [0071] "Under-filling" step 7, FIG. 5(b):- The gaps between the
intercatmipst88@0and the
[0074] "Back Side Metallization/Passivation" step 10, FIG. 5(e):- Back side metallization
and passivation are carried out on the thinned wafers 300 from step 9. The metallization process
patterns metal traces and bond pads over the back side 300b of the wafer and end portions 340a
of the through silicon interconnects 340. The metallic layer used in patterning the metal traces
may be copper, aluminum or other metals. The passivation process coats areas on the back side
of the wafer, which are not covered by the metallization layer, with a passivation layer such as
silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy
resin (trade names: “WPR-1020", “WPR-1050" or “WPR-1201", products of JSR Micro, Inc.).
For ease of illustration, the backside metallization and the passivation layers are collectively
given the numeral 400 in the drawings.

[0075] "Under bump metallization” step 11, FIG. 5(f):- Under bump metallization (UBM)

pads 410 are formed on the metallized portions of the wafer 300 from step 10. The UBM pads
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intermediate dies 430, and between the intermediate dies 430 and the 1st
wafer may be under- filled with an under-fill material 380 such as an epoxy
resin or other materials such as polymer- based encapsulation materials.
[0072] "Wafer Level Molding" step 8, FIG. 5(c):- The 1st wafer 300, the
410 misyeyaragtiater e 480, AN upe FBO/ALE CovRia Wil Onidj -
material 390 such as an epoxy resin or polymer- based encapsulation
W/CuMKERRCIQEPRICHMGILT UL BPMNNGE B ePiANKEB) b(d)irAliE/MiNded wafer
300 from step 8 is ground and polished at its backside 300b to expose
[0076ENd povtifenBaAfangf titepth® WG B{gpn Tiev@NMnricks 434t (@ HhckBadk 300b of
Side Metallization/Passivation” step 10, FIG. 5(e):- Back side metallization
the wafed308ssty ptsvideceveiatireeddudtion buenidnedwhigy scddér froenceieed@s. Other non-
The metallization process patterns metal traces and bond pads over the

solderbakcsiniee38hchidh & wafe hantirsitetinor@opises Aliaref Huddtbrmisgbtsilicon
interconnects 340. The metallic layer used in patterning the metal traces
[0077Mmay T repbaresn abiepi 8 NF KB B r-mMmetsbsiniied passisatiarhiprocess eokisn step 12
areas on the back side of the wafer, which are not covered by the
is singuiatediizatondisydualitiite4d@ssivation layer such as silicon nitride, silicon
dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy
[0078esin"(rapeaigohstaty\VRech620t, ah RPRede OS5  ray SWORRFIA0IHIngT athpctd, FIG.
of JSR Micro, Inc.). For ease of illustration, the backside metallization and
5(i):- e pagsiatdibunidye49 are attdidheiMely syivetrathd5tunyesdlclGidgrttibeolder
drawings. [0075] "Under bump metallization" step 11, FIG. 5(f):- Under
intercdnmeqisdatadizhtibackdBMI0phds thtOnaferfddthedemibentedtatlisetO are over-
portions of the wafer 300 from step 10. The UBM pads 16 410 may be
moldechedii afrAdlNing umaadiibhsiiChu aCan Mp@wy, I€siMNMR] Yo Cheskdiencapsulation material.
W/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/NI(EP), Ti/Ni(EP) or Ti/Ai/Ti/NiV.
The substrate 450 may be an organic/laminate substrate. Whilst not shown in the drawings, it

will be appreciated that the mounted units 440 may also be underfilled with the molding material
such as in the case of FIG. 2(n)(ii).

[0079] "Solder Ball Mounting and Singulation™ step 15, FIG. 5(j):- The underside of the
substrate 450 is provided with external electrical connections 460 such as solder balls. The
entire assembly is then singulated to form individual semiconductor packages which are shown
in FIG. 6.

[0080] It will be appreciated that the intermediate dies may be stacked on the 1st wafer in

wafer format, and need not be singulated into individual dies for stacking on the 1st wafer.

Semiconductor Package

[0081] There is provided a semiconductor package comprising one or more dies stacked in a
vertical manner onto a substrate. FIGS. 3(a) and 3(b) show exemplary structures of the

semiconductor package. While FIGS. 3(a) and 3(b) were previously described as having been
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[0076] "Wafer Bumping" step 12, FIG. 5(g):- The UBM pads 410 at the

back side 300b of the wafer 300 are provided with conductive bumps 420
such as solder interconnects. Other non- solder interconnects include but
are not limited to Copper pillars, Gold studs, etc. [0077] "Singulation" step

derived3rérGh&hpeethefabe st aafenaad e MpsiuTiveeDiom stepdigdst, it will be
singulated into individual units 440. [0078] "Chip-to-Substrate Attachment

appreciaddthaethdiirg et Mventinaldingdstiep dftompassaiickddes sirgmiddestructures
units 440 are attached to a substrate 450 by reflowing the solder

derivethfesaoprretsebiirt therhoksisedsdtibefi the wafer 300. The mounted
units 440 are over- molded with a molding material such as an epoxy resin
[0082pr paReteeriipseHIencipstietiemvaidtietor pheksgbstialsid&arfiest bz 200 and a
organic/laminate substrate. Whilst not shown in the drawings, it will be

secon@pjy ecmtathefastiiera00mkach frite 4ide D0y atslalhrcksidefilEabwirhdligst die 100
molding material such as in the case of FIG. 2(n)(ii). [0079] "Solder Ball

may bdauatig aliel\Gthgindiddé st difryfdGanbgietiMealiengithsiolean§ hrabedded circuitry.
substrate 450 is provided with external electrical connections 460 such as

The fisstldier 1galRirifee iroitidesees pRrabity isftireaugingilleded itz fosnméotdividiadach having an
semiconductor packages which are shown in FIG. 6. [0080] It will be

end pappretigteat thatbduk sitlerhediafeltdid¢s sndiy bhelsiadleedppahimd $uoabethe front side
wafer format, and need not be singulated into individual dies for stacking

100a afrtib éirkstiwefed. Bentfrondisiticétaickager0add | 7hesehharadodettic layer
semiconductor package comprising one or more dies stacked in a vertical

formedna@ongiitsrnteenaliyatistéol Fivisesl. 13( a) bandeB (b tahtayee ooy strihetdielsctric layer,
of the semiconductor package. While FIGS. 3(a) and 3(b) were previously

and thde sctbd dagsrifaxmgyl lheentid lwerieechétahhatfes. prbeatisl edttieldgtackesiially silicon
Package Having Two Dies" embodiment, it will be

dioxide. The barrier metal layer may be Ti, TiN or tantalum silicon nitride. The seed layer may

be copper or any other metal. For ease of illustration, the dielectric layer, the barrier metal layer

and the seed layer are collectively referred the numeral 120 in the drawings. A metallic material

130 fills the space within the internal walls to form the through silicon interconnect 140. The

metallic material may, for example, be copper, tungsten or polysilicon.

[0083] The front side 100a of the first die 100 has a metallization layer patterned thereon to

create conductive traces and bond pads. The metallic layer may be copper, aluminum or other

metals. A passivation layer is formed on the front side 100a on areas which are not occupied by

the metallization layer. The passivation layer may be silicon nitride, silicon dioxide, polyimide,

benzocyclobutene (BCB) or a photosensitive epoxy resin (trade names: “WPR-1020", “WPR-

1050” or “WPR-1201", products of JSR Micro, Inc.). For ease of illustration, the front side

metallization and passivation layers are collectively given the numeral 150 in the drawings.

[0084]  The back side 100b of the first die 100 also has a metallization layer patterned

thereon to create conductive traces and bond pads and a passivation layer occupying the
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appreciated that the present invention would also encompass packages of

similar structures derived from processes other than those as described.

[0082] Referring to FIG. 3(a), the semiconductor package comprises a first

die 100 and a second die 160. The first die 100 has a front side 100a and
remaidiipategidetl@Positaeingt el majoheagbractbreghie afithusrtrmdesk backside

circuitry or an inactive die without any embedded circuitry. The first die

metal li0i durshenirgbastisadi giusgliig afctbotiegtiveljcgivdntercanmeets 2060inedshirawings.
having an end portion 140a at the back side 100b of the first die 100 and

The backofideortom flfbbrahthelbonpRickdit) 0P eiheatisst 1 €ckARd Onestwotgdlareas of the
silicon interconnects 140 each has a dielectric layer formed along its

metalliaterpattivals, dohdusivdpanipar?Ey sueialdaykictarmrechonestteedietatidion the
layer, and then a seed layer formed over the barrier metal layer. The

UBM girlecttt: |aykerinsrssalitiesiticaponhiexislinclirebbutiaremetdiraysr tma@piyeer pillars,
Ti, TiN or tantalum silicon nitride. The seed layer may be copper or any

Gold sutisiey eteetaihd-0OBdASRd 210stayide Al dikle guliNiay#T uheuns e, raetdli/Pd,
layer and the seed layer are collectively referred the numeral 120 in the

Cu/Criiad\iing'g/QuiNeaRCu dEe)isCric0) GlisBREISiiaRe, WilNi{ERS ontEifda) TvallB/ .
to form the through silicon interconnect 140. The metallic material may,

[0085For eXdmnpdeointdiodpernntlndstarfronpsiyslietmandCckisidbras0bjdad Qbeer
of the first die 100 has a metallization layer patterned thereon to create

includesagilotaliyt afoas dnctibe bdmppsl$ 7T e mest atlith dayesk sidy bé0boppesecond die 160
aluminum or other metals. A passivation layer is formed on the front side

is stack@@ardo theefissindiechOar aohavmrsech biyatt He coetdlictaediu faye L. 70kaee aligned and
passivation layer may be silicon nitride, silicon dioxide, polyimide,

are in bemzotyatohkaheo (8T H)icorai pleatoseewgil40e paxymdsirfifliagd enatemalsi 80 fills the
"WPR-1020", "WPR- 1050" or "WPR-1201", products of JSR Micro, Inc.).

space bemeasdhefstcmtrhtier G0 isorunsidetive dlatizatiod amndpaisivdieobORy e under-
are collectively given the numeral 150 in the drawings. [0084] The back

fill maget@ L 08brodythoe finstmhiry1@6ialsodtizas matertializatbradqpgdypatibasetiencapsulation
thereon to create conductive traces and bond pads and a passivation

materilagerfoomlgyiatetied 190 also covers or encapsulates the second die 160 and the front side

100a of the first die 100. The mold material may be an epoxy resin or polymer-based
encapsulation material.

[0086]  The molded second die which is stacked on the first die, forms an internal package
500. The internal package 500 is mounted onto a substrate 240. The substrate 240 may be a
laminate substrate or an organic substrate.

[0087] The semiconductor package further includes a mold material 250 which fully
encapsulates the internal package 500 on the substrate 240 and a plurality of external electrical
connections 260 such as solder ball formed on its underside.

[0088] Referring to FIG. 3(b), alternatively, the mold material 250 may only under-fill the

space between the internal package 500 and the substrate 240.
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18 remaining areas not deposited with the metallization layer. For ease of
illustration, the backside metallization and the passivation layers are
collectively given the numeral 200 in the drawings. The back side 100b
further includes a plurality of UBM pads 210 formed on selected areas of

[00891he metdllizedppastions (hontechvie domaurso? 2ackagh abtielsiesent invention would
interconnects are formed on the UBM pads 210. Other non-solder

also exnéatcmectadnctidestikedreatikiduvn te dhionbagpsapilbiesn Kgldestudatermediate
etc. The UBM pads 210 may be Al/Ni/Au, Al/Ni-V/Cu, Cu/Ni/Au, Cu/Ni/Pd,

dies faBmQrbdtwEeMHE diNi(EHE BOLEREPIHECséCanCoiESHONVETR) alssNigdthesugh silicon
Ti/AI/Ti/NiV. [0085] The second die 160 includes a front side 160a and a

interctraicisideqlfonimedniefartheAciturilidghy afprur dliyeafic etadieti yadkagepshamOwill be
formed at the back side 160b. The second die 160 is stacked onto the

one inteshelikalddfient a0hatvresnsthelfitbiad it 800cdiLibiivse dumeh die 860, aire atigetdrmediate
and are in contact with the through silicon interconnects 140. An

die is staclegdfilimganmetesighlBéx filésttiheu gipsitiedreiveeorin isegahdieohGOctire bumps
conductive bumps 170 and the first die 100. The under- fill material 180

420 amnalygnectwidpthythesighosititoari mateoraleceugOast padyfire die3@@land the conductive

encapsulation materials. A mold material 190 also covers or encapsulates
bump4l37 Get tredsdierib@i@faitthe front side 100a of the first die 100. The mold
material may be an epoxy resin or polymer-based encapsulation material.
[0090T008&)rERe motded the axeachpieryvénabo stk edsoritibe dirsveprotadmsnaror more of
internal package 500. The internal package 500 is mounted onto a
the foBolvatcpte\@hagEbie substrate 240 may be a laminate substrate or an
organic substrate. [0087] The semiconductor package further includes a
[0091 moldNatenizdraB0behded fuiyoencapsuiates wived ritertel waikek ag ¢hs@doestacked
the substrate 240 and a plurality of external electrical connections 260
packageiabsersidyldevdesd| doatrieasbfoittharidevetk. if0O08S ttefemsrdia otddkedIdkage
alternatively, the mold material 250 may only under-fill the
assembly process as will be clearly understood from the description above.
[0092] At least for the 2-die stacked package assembly process, given that there is no
requirement for the support carrier, new process and material (e.g., adhesive) development
required for bonding the temporary support carrier to the wafer need not be implemented.
[0093] Accordingly, at least for the 2-die stacked package assembly process, capital
investment need not be put in place for new equipment to support temporary bonding support
carrier technology.
[0094] Potential package cost advantage as the support carrier can be totally omitted for the 2
die stacked package and partially omitted for the 3 or more die stacked package.
[0095] As the process steps do not require additional bonding of the carrier substrate to the
wafer or 1st wafer and the subsequent de-bonding therefrom, the face-to-back flip chip die

stacking assembly flow cycle time may be improved.
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space between the internal package 500 and the substrate 240. 19 [0089]

It will be appreciated that the semiconductor package of the present

invention would also extend to 3 or more dies stacked packages as

shown by example in Figure 6. Intermediate dies formed between the first
[0096Plie 3A6 teddhdcagonnd tetRafuyvosilitaisintepseniatesighisdlizarer or 1st wafer is

interconnects 340 formed therein. Accordingly, for a three die stacked
conduprakagcdhpietwdliheheangivtemedintb gt htoveandheafistoiad0be

and the second die 360, and the intermediate die is stacked in manner
flexibliglotivaintpsdlteugorapmbn infeteophecisi v ghecondyctigeds eipg s8R2r

are aligned with the through silicon interconnects 340 of the first die 300
bumpehaithex poedoictive: bl tap Brécedsihe strgadsdldedGall[PRADRGAtsize.

more of the exemplary embodiments described above provide one or
[0097Mmoreaafttibevidosvic ghadiiprieipe std6iaRilthilede arp onatydidsed ssyeoiG. 2(h)]

carrier is required for the wafer in the 2-die stacked package assembly
prior tprieessfor thinaas) feptbadstivgddatiortise;d 18, thenaaldirsjaekestpaoppoe wafer

assembly process as will be clearly understood from the description
durincpibirven[PAYR3iIAG IdstRirfor the 2-die stacked package assembly process,

given that there is no requirement for the support carrier, new process
[0098pnd Métieithd @rgseatimesivii) tieasthepmenti adqrliy stidan oddiesg tived with reference

temporary support carrier to the wafer need not be implemented. [0093]
to exemptandengbpdanizastHeorctfeilvadié arkied paddag thessefhutinargcsts,in the art that

capital investment need not be put in place for new equipment to support
variouechpogasyirbfordiragddpladst negr be miedé trad cagy W0 04 depeetitigl fpaokagaepirit and

cost advantage as the support carrier can be totally omitted for the 2 die
scope siattlequtgsackmyerdiwh padedihedimytted folldineng olamwre die stacked

package. [0095] As the process steps do not require additional bonding of

the carrier substrate to the
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wafer or 1st wafer and the subsequent de-bonding therefrom, the
face-to-back flip chip die stacking assembly flow cycle time may be
improved. 20 [0096] As the fabrication of the through silicon interconnects
in the wafer or 1st wafer is conducted and completed in the unground
WHAStaseC thel precess allows the wafer to have the flexibility of being solder
bumped at a finer pitch with a higher bump 1/O or being solder bumped
with a pre-formed ball drop process, at a larger solder ball pitch and ball
size. [0097] As the wafer and the flip chips stacked thereon are molded
1.  [stemé&heeddriforraiigla prackéa the paekayéhinaimgtatelcBrapdsiggulation
step 13, the molding helps to support wafer during thinning and
sutgiclatigron®0LAiovéeenibendesandHipseotiofidmsitieh patferlarly
shown and described with reference to exemplary embodiments thereof,
itovidr-reoluhicg ste sehtiyoihson ichipknaith akillolliteragtghial ammtious
changes in form and details may be made therein without departing from

thkisping andbsdogideodfiite pvefeent invention as defined by the following
claims. 21 WHAT IS CLAIMED IS: 1. A method for forming a stacked die
paticagia, tteconeetmoddoap psnfigrmatiaciting ametbinnminge semiconductor
chips to a front side of a wafer; over-molding the semiconductor chips
with a molding material; and thinning the back side of the wafer; wherein
the over-molding is performed prior to the thinning. 2. The method of claim
2. 1Twherehothef claidirlg wisteirathe ovottiagsoppoiakoribhddesbeppdut itogibevafer
thinning. 3. The method of claim 1, wherein during the thinning, the wafer
duringgheahomipted to a support

3. The method of claim 1, wherein during the thinning, the wafer is not coupled to a support

carrier which is de-couplable from the wafer.

4. The method of claim 1, wherein the molding material comprises an epoxy resin or a

polymer-based encapsulation material.

5. A stacked die package formed according to the method of claim 1.

6. A method for forming a stacked die package, the method comprising:

attaching one or more semiconductor chips to a front side of a wafer;

over-molding the semiconductor chips with a molding material; and

singulating the wafer into one or more singulated units, each unit comprising at least one
of the semiconductor chips;

wherein the over-molding is performed prior to the singulating the wafer.
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carrier which is de-couplable from the wafer. 4. The method of claim 1,
wherein the molding material comprises an epoxy resin or a
polymer-based encapsulation material. 5. A stacked die package formed
according to the method of claim 1. 6. A method for forming a stacked die
package, the method comprising: attaching one or more semiconductor
chips to a front side of a wafer; over-molding the semiconductor chips
7. Withearoidlohings olaiieremanckisinigl latnfirienatafiil inioviziee Quppatao the wafer
singulated units, each unit comprising at least one of the semiconductor
duringcthipsingbrrgiy. the over-molding is performed prior to the singulating the
wafer. 22 7. The method of claim 6, wherein the molding material
provides support to the wafer during the singulating. 8. The method of
claim 6, wherein during the singulating, the wafer is not coupled to a
8.  sOpporetadief vlhichoswecduplalg therwinbelavinigrtH2. Witerrisatbocoapled to a
claim 6, wherein the molding material comprises an epoxy resin or a
suppofpaymeribhistd wiwapsplasiofromtgkalaiél. A stacked die package formed
according to the method of claim 6. 11. A method for forming a stacked
die package, the method comprising: grinding the back surface of a wafer
to expose through silicon interconnects; wherein a front side of the wafer
9. isTheanstialded olaiimas nvaidmo thaterodd wipichterebgsufaiess anepoxyoesin or a
semiconductor chips and provides support to the wafer during the
polymgribdsed .eh2apgsutatitrochitarfakming a stacked die package comprising:

10.  Astacked die package formed according to the method of claim 6.

11. A method for forming a stacked die package, the method comprising:
grinding the back surface of a wafer to expose through silicon interconnects;
wherein a front side of the wafer is over-molded with a molding material which
encapsulates one or more semiconductor chips and provides support to the wafer during the

grinding.

12. A method for forming a stacked die package comprising:
etching a wafer to create one or more vias in the wafer, the vias extending from a front
surface of the wafer toward a back surface of the wafer, the vias terminating within the wafer;
plating the wafer with a dielectric layer;
plating the dielectric layer with a barrier metal layer;
plating the barrier metal layer with a seed layer;

filling the vias with a metallic material;

23



etching a wafer to create one or more vias in the wafer, the vias extending
from a front surface of the wafer toward a back surface of the wafer, the
vias terminating within the wafer; plating the wafer with a dielectric layer;
plating the dielectric layer with a barrier metal layer; plating the barrier

meRshayetheitroat seroolayerwaiéing the vias with a metallic material; 23
polishing the front side of the wafer; performing metallization and

ppedivatig artiitfdoh sndasesfdiienwaltr donpindgeeebieakdter;
semiconductor chips to the front surface of the wafer such that conductive

postipliagbdilbesamicepmhicind witychijgrtovite frenviasfasodétiilngfganseh that
between the semiconductor chips and the front surface of the wafer with

conduativerpdetidits robteiséntovedingdhehisaligmeitidiechigs and the front
surface of the wafer with a molding material; grinding the back surface of

thensleaftitl ingeymdsetveeyiaisefsemitbaduatlr stifiseadtibéronasarface of the wafer
performing metallization and passivation on the back surface of the wafer;

with afoumdeg fiihdeatdriahp metallization pads on metallized portions of the back
surface of the wafer; coupling conductive bumps to the under bump
nuetadlirafive penicoshgidatohiptenuvtife fioo sirfgcdatbthe wtseieadth a molding
singulated unit comprising at least one semiconductor chip and a portion
materiaf;the wafer; chip to substrate attachment;
grinding the back surface of the wafer to expose the vias from the back surface of the
wafer;
performing metallization and passivation on the back surface of the wafer;
forming under bump metallization pads on metallized portions of the back surface of the
wafer;
coupling conductive bumps to the under bump metallization pads;
singulating the wafer into singulated units, each singulated unit comprising at least one
semiconductor chip and a portion of the wafer;
chip to substrate attachment;
coupling the singulated units to a front surface of a substrate;
performing at least one of under-filling gaps between the singulated units and the front
surface of the substrate with an under-fill material, and over-molding the singulated units and the
front surface of the substrate with a molding material;
mounting electrical connections to the back surface of the substrate;

singulating the substrate into semiconductor packages, each semiconductor package

comprising at least one singulated unit and a portion of the substrate.
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coupling the singulated units to a front surface of a substrate; performing
at least one of under-filling gaps between the singulated units and the
front surface of the substrate with an under-fill material, and over-molding
the singulated units and the front surface of the substrate with a molding

13. NMEiendiipewhitngreleZtieaheosuragtising tatdkéngasie surieae ditéh@ediate wafers
substrate; singulating the substrate into semiconductor packages, each

betwesemicsaticoind pesikedpe apdierisifarat least one singulated unit and a
portion of the substrate. 24 13. The method of claim 12, further comprising
stacking one or more intermediate wafers between the semiconductor
chip and the wafer. 14. A semiconductor package comprising: a

14. subsinaieyralficsirdieckayéngmprivibgide, a back side, and a plurality of
through silicon interconnects, the first die being stacked onto the
sabgtistiateand a second die having a front side, a back side, and a first
plurality of conductive bumps formed at the back side of the second die,
thefgsicdiscthaliinbeifigstaead batk tiu: fiati diplaralityodenblgh silicbritaterconnects,
the first plurality of conductive bumps communicate with the through

the firsiltiohenigrtackeeotsiovtherstibserdtestantbld material encapsulates the
second die and the front side of the first die; and a second mold material

eacapsudatieshdvwariy atfdber tde sebackl gide, amdlafpb@litylily ektamdctive bumps
electrical connections. 15. The semiconductor package of claim 14,
formeuvhiettes akesi def dhénthsenayiol sikcdime satercbdiedytis fustickedamipribedirst die and
under-filled such that the first plurality of conductive bumps communicate with the through
silicon interconnects;
wherein a first mold material encapsulates the second die and the front side of the first
die; and

a second mold material encapsulates the first die, the second die, and a plurality of

external electrical connections.

15.  The semiconductor package of claim 14, wherein each of the through silicon
interconnects further comprises:

an end portion at the back side of the first die and a top portion at the front side of the
first die;

a dielectric layer formed along internal walls of the through silicon interconnect;

a barrier metal layer formed over the dielectric layer;

a seed layer formed over the barrier metal layer; and

a metallic material filling space within the internal walls of the through silicon

interconnect.
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an end portion at the back side of the first die and a top portion at the front
side of the first die; a dielectric layer formed along internal walls of the
through silicon interconnect; a barrier metal layer formed over the
dielectric layer; a seed layer formed over the barrier metal layer; and a
metallic material filling space within the internal walls of the through silicon
interconnect. 25 16. The semiconductor package of claim 15, further
16. comgpsstigord needalhisclayerdnthimpassiutiondayeritdngied on the front
side of the first die so as to be non-overlapping; a metallic layer and a
passétalliendpaesforpassivation kgek Bidecdfdhehirfodisise aktie fiest die so as to be
non-overlapping; a plurality of UBM pads formed on the metallic layer on
non-otVleddppikgside of the first die; and a second plurality of conductive bumps
formed on the UBM pads. 26
a metallic layer and a passivation layer formed on the back side of the first die so as to be

non-overlapping;
a plurality of UBM pads formed on the metallic layer on the back side of the first die; and

a second plurality of conductive bumps formed on the UBM pads.
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