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

hSENMIOORARTTOR KA ERAEY, RANOKHVBEROLOW OF MAKINGENTEIYAME
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.

DescriptioR OFh® RekeN AR @003}V artical BreTkiNg of rrulipAerfigmehips
in a stacked die package requires wafers to be processed with through

[0001 Biliconhinigtgomnagphdatienaimfaperdeith aeknd k2 B) Pipvesithblongpigatite No.
wafers are typically thinned or back-ground during the process of forming
61/02 18t M tettonnestslanchtiebeliare knmoofrackrsasdgiosttakingdheihisfeehce in its
wafers require a support carrier that is temporarily bonded to the wafers
entiret§uring handling and equipment processing to prevent warping.
BACKGROUND OF THE INVENTION
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. Description of the Related Art
[0003] Vertical 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



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
surfacBBted bR Vel PNieditsn AdUidiona| BekiprerinnRSive fulReeasedthe wafer 1 and
packaging cost and additional process steps directed to the bonding of the
partial$y RO theakAes 0. ankkdeoRofiaageoftbe 5y R qadnie tHeormieaveadeited with a
Exemplary known processes for forming the stacked die package will be
dielectiiestrpéech withiteieegncayter kHad 2 s¢€a)lige (@p1[6Q0Aly I fefekfad sheysumeral 3). The
known process of forming a thinned wafer that is temporarily bonded to a
platedfirBlssuppaHcaaitied Wik Preaais begirtanvitbuahnafesppéhaCis eddbes airdsgh
front surface la to form vias 2 therein. The vias 2 extend from the front
silicorstf@ceracofstie Wafesaftanah@attizdtyoin tmhdheawaleich hherdr@olisutifage taferred to
of the wafer 1 and the vias 2 are plated with a dielectric layer, a barrier
as nunieeibblayerfamekd sedttlayat {aofiectivaly iaferader th akopreparaltdy. witer 1 for
plated vias 2 are then filled with a metallic material 4 such as copper (Cu)
thinnitg farbadkreughisiiadirintergarnesised 7Thbmedtie toretdbaatiomaand a of the wafer 1
passivation layers (collectively referred to as numeral 6) are formed on the
using frbohdindanetdaidf the Thafdridnihg ¢f épave el waberslatdrsthéaningtare 1b, opposite to
back-grinding, a first support carrier 7 is bonded to the front surface la of
the frdheswédiee lauslihg avdfondiisgachtgrialntuniielit thrvoghodithe miatercbnnects 5 are
occurs at its rear surface Ib, opposite to the front surface la. The wafer 1 is
expostdhektouna: entilibeitasobigh\ddiebivaniarcodpastsvatane lexpegedirethely referred
rear end portions 5a. Metallization and passivation layers (collectively
as numefeli®chasformedral By acerfaried &b inhediisuctheaflr of thddhiatheyd forming of
wafer 1, followed by forming of under bump metallization (UBM) pads 9.
under Sohe nietat patithaieEdfpadon theldadarmypsrip aretaltination gads@er bump
[0005]FIGS. 1(b)(i) and 1(b)(ii) show a known process of stacking flip
metallghipsnladnto the thinned wafer with UBM pads 9 from FIG. 1(a). To
prepare the front surface la of the thinned wafer for stacking, a second
[00055uppbrGSaniey(D2isl thimgoyahiwbokdedriptheseal sudisiog Ibipthnes Waferto the
using bonding material 12a followed by removal (de-bonding) of the first
thinneguppiertweahrie BRfrowas thé drordtisurface [Bo phepilip tbhifiethanfacstdeledhe thinned
over the front surface la of wafer 1 such that solder bumps 13 of the flip
wafer ¢hipstidingcaalegnad withahedhmouyh isitoopariely bondads & thé tieerwarface 1b of the
1. The flip chips 11 are then under-filled with a resin 14 and the second
wafer sapdrondiniemanemidaci] 8 weictebp tmps 45 drddndmprovidiedion shpport carrier 7
rear surface Ib of the wafer 1. The wafer 1 with flip chips 11 stacked
from ttivefimon ssréing) UikatddhérfiapinbipidUahrenitack6dtviehtlag dromountéat @haawafer 1 such
substrate 17. The assembly is over-molded with molding material 18 and
that saldeubtedpaitB sbitlerflakbip9 beforealging wittly thatddongb mldeeidirtkrconnects 5 of
packages. 100061FIGS. 1(c)(i) and 1(c)(ii) show an alternate known
the wadeodesBheffacking flipuehipenimderntditied thitinetsvafet andvitke SN g adsport carrier
9 and solder bumps 10 from FIG. 1(a). The first support carrier 7 is
12 rememedvebidenbtimepthitraed theferrayitine evatfer itds sirfgedatbaibe wafer 1. The
individual dies which are mounted onto a substrate 17. Flip chips 11 are
wafer dtadkediprehires fhbnstaslifd dectfoie diegwaied thiat indidedualimpts 18 vhikk are
flip chips 11 are aligned with the through silicon interconnects 5 of the
mountgibgniPresiipschipd 7.1 e assemblyde ofifetalided esih b kheethatentitd 8 and
assembly over-molded with molding material 18. Solder balls 19 are
mountighweili enidiiebaHeléPsigéont tirenguivegrdaced 1nfolimdivddugl siagaiation into
individual packages. 100071FIG. 1(d) shows a semiconductor package
resulting from the processes described by FIGS. 1(a) and 1(b), or 1(a) and
1(c).



100081The known processes of forming the stacked die package involve
the use of one or more support carriers which can result in the
disadvantages as highlighted above. There is therefore a need to provide
a process that can at least reduce usage or avoid the use of the support

[0006Farrigns SUMNMARY QE)TH EhtMVANTH KN QAR H Dascpse SEBtakaRHTP chips 11
provides semiconductor devices comprising two or more dies stacked

onto thethialbd anteplok e thals angddretiedsuaipnabingtheIG. 1(a). The first
semiconductor devices. 100101Unlike the known processes as described

suppokayeeitita dvafessdieonh eidodivibipracessettia wader tasp@gaRdewilitdhedividual
die stacking process. That is, the wafer need not undergo both the

dies wihikdugb sitloateddarcansubstriosnmationaokipee Watesttituwing Hotest8srface of the
before other chips can be stacked onto it. Instead, stacking of the chips

dies sunRyhaesattarbphisiied of seflipagassedryalgicwhitch e thdonglsilicon
completed the through silicon interconnect fabrication process but not the

intercoviatetdSinfithg giacdss. Mpekipsthinnediwaletjuotitteswithpeyinfo4 thel the entire
assembly as the chips are stacked onto it and as the stacked structure is

assembigloed-hoRiki bittemuididinghatea £hirgnisg ldé thalvafe aectiursed be tiwlthderside of
material provides support to the assembly during thinning and continues

the subtsteupparidhevasseymiihg idatRibseo iatit jpiedessksgych as backside
metallization/passivation, under bump metallization pad formation, wafer

[0007 pumpil, HidotHaticn, witicondptoceaskabthe pilesgrfrdnvertiprocanedhigseribed by
reduce or eliminate reliance on the use of temporary bonded support

FIGS.dawjars] Whicbrid (mpadant)for thin wafer handling and equipment
processing in the known process as described above. 100121According to

[0008 N agpedtafthepressed ofeniinry theseatk i evided leageathadviothkonistnd one or
a stacked die package, the method comprising: attaching one or more

more Sgipicocduietovdhigscmadyontiside dfsadwatergoverhighlighgtebove. There is
semiconductor chips with a molding material; and thinning the back side of

therefthe avatat tovhrenaite thprovess thotdimg dspesfordued wage tar theihithainge of the
100131The method may be such that the molding material provides

supposuppoetdo the wafer

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.



during the thinning; during the thinning, the wafer is not coupled to a
support carrier which is decouplable from the wafer; or the molding
material comprises an epoxy resin or a polymer-based encapsulation
material. 100141According to a further aspect of the present invention,

[0011hereAs@radiipaa tagkesitiopakageforoad. aTaendiblg tatbfal provides support
above-described method. 100151According to a further aspect of the

to the REESABLIMNEIHOMI thBIe d8covidrd ameibhadtorfosseing R pieakedqlient processes
package, the method comprising: attaching one or more semiconductor

such ashipsktada fhenilside af pawsaietioay erdepiding ietskinitdongdatasrahigsn\itiater
a molding material; and singulating the wafer into one or more singulated

bumpidgitsingathioniteonpiisine:&dsleasiope hthavesamieaandydios, ¢Biuse or eliminate
wherein the over-molding is performed prior to the singulating the wafer.

reliand06H ik Tie ofedhgebrmayboadudciuppattberreddingichatarg ptovidesthin wafer
support to the wafer during the singulating; during the singulating, the

handlingteidisquipeetpieddis dnsuippbet laawarpaiiets ds dswibgdablaérom the
wafer; or the molding material comprises an epoxy resin or a
[0012polymetdrdagsitenaappetaidhmpiedat. ik O8itobA deatdingrividdarihnethod for
aspect of the present invention, there is provided a stacked die package
formidgrmestbatdiding kaghalahaverolesonipedingetitedhing one or more 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.
[0013] The method may be such that the molding material provides support to the wafer
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



100181According to a further aspect of the present invention, there is
provided 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

is de-db@NHBE: Maiekal whieh engRsulaies MARALINONHEEHISOBPLISIQESIAIPS a polymer-
and provides support to the wafer during the grinding. 100191According to

based arftuiherndaspesiefithe present invention, there is provided a method for
forming a stacked die package comprising: etching a wafer to create one

[0017pr mavecvidmintte fuaker, 4 otias wxtprding iifosateofr ot sifaeevaddba stacked die
wafer toward a back surface of the wafer, the vias terminating within the

packapéfefinplpiingitie nwafarewitbva-dislecbid laygiodlating the dielectric layer
with a barrier metal layer; plating the barrier metal layer with a seed layer;

[0018fillingAtberdagwith furmeiediportasetial ppalishing dheokipmieside ploiidedafatethod for
performing metallization and passivation on the front surface of the wafer;

formigon plingahé opakiges enicrithdtongiipm §o ghadiontisLbiatesofftice vfafevafer to
such that conductive portions of the semiconductor chips align with the

expos¥idspugidsittitling gapsmbatweendénsefriaonducibihehipseaiddea-itanted with a
surface of the wafer with an under-fill material; covering the

moldisgmiceriduetdtickipapndthtbediiont shotace rafdhelwabe chijh andploiides support to
material; grinding the back surface of the wafer to expose the vias from

the wdfe badhesthfacmdithe wafer; performing metallization and passivation on
the back surface of the wafer; forming under bump metallization pads on

[0019metalizad dingtionsfofttiee Dackt aifrfacprofdinanvafeiocatpting ponddediuenethod for
bumps to the under bump metallization pads; singulating the wafer into

formigingsttaied dinitpadag singpiaied: wnthagnaprisfagtacleatst @reor more vias in the
semiconductor chip and a portion of the wafer; chip to substrate

wafer atiactiunerteodigifigitne Smgulatadeurtiith¢ova firontveundadendt aundadestiade; wafer,
performing at least one of under-filling gaps between the singulated units

the viandrthmirory wittfacthofthfers pbaingtchevitha fan wintbl erdidl enatedialeandating the
over-molding the singulated units and the front surface of the substrate

dielecwiitH ay enelding taaierialctaldeyntingletegt ivabeomrentiphitetivathacieed layer; filling
surface of the substrate; singulating the substrate into semiconductor

the vipaskhgascedih setaicdnplictbmgabkdge codepoising wi fleapedioeming metallization
singulated unit and a portion of the substrate. 100201 The method may

and pdsaiferonamphis & staskifiaroné the mafe;intephediate wafens betvwesnlteer chips to
semiconductor chip and the wafer. 100211According to a further aspect of

the frahiespresenifitheemtifem stivbréhas prodidedcapsemcicontithetsepaokegetor chips align with
comprising: a substrate; a first die having a front side, a back side, and a

the vigluality-6i inoggls biticoreinier somnaotdythe filspdiaddindrstacketiantd the wafer
the substrate; and a second die having a front side, a back side, and a

with afirsh@émfalltyatecahdwstive d thepsniorondd civtiobipaekdsible fofheustacornd the wafer
die, the second die being stacked onto the first die and under-filled such

with athatl dnegfirst phatagityndirgiduntike iinep o Com madeicatexpitketthe thasdgim the back
silicon interconnects; wherein a first mold material encapsulates the

surfacs@ddhel Wideanpkthafron witel bfthenfiast! giessandiensecthed acklsinfate ibthe wafer;
encapsulates the first die, the second die, and a plurality of external

formingeutdosh wopreetidimttOQRRIS Ionthe sémisbpeltions pabkdgek savhastahthe wafer;
through silicon interconnects may further comprise: an end portion at the

couplibgclonitetofethurfipsttdithanddsitbpmp ot bz atefrordssiclogyfatiaditke diefea into
dielectric layer formed along internal walls of the through silicon

singulpiedrontineechesbwlercthenal tayeprisimraad lossiromresdivieendodtyarhia geéd portion
layer formed over the barrier metal layer; and a metallic material filling

of the syfew Withite thvbstraserpitaskihewfapepting deghssigedridd tendo tmedtont surface of a



100231The 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 of UBM

substrpRdpdavines © it hesmefabcdayear onitiehackesite ptibeifipsisial amesand the front
second plurality of conductive bumps formed on the UBM pads. BRIEF

surfacDESERHDEHAN WithTad bddBAW NS 024 Dherahonengntcoitigifertlitass and the
of the present invention will become more apparent by describing in detail

front SXRIPIHEsabogitanis heredinvithaeierencauinithecaitachs d cHawings to the
in which: [0025]FIG. 1(a) illustrates a known process of forming a thinned

back swidhee hrathis Snbrnad; tei s firsisy peasiinarite infoQ2a]fickaduck o )ickages, each
andl(b)(ii) illustrate a known process of stacking flip chips onto the thinned
semicoviigstovipndkBdd padsricomg il (Gadi(@e singulated unit and a portion of the substrate.
[0020] The method may further comprise stacking one or more intermediate wafers between
the semiconductor chip and the wafer.
[0021] According to a further aspect of the present invention, there is provided a
semiconductor package comprising: a substrate; a first die having a front side, a back side, and a
plurality of through silicon interconnects, the first die being stacked onto the substrate; and 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, the second die being stacked onto the first 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.
[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



[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),

of UBM pydk fomndd ah anelnkéei1 [0QRRIFIthe Hak(a) shhavw amraeesmilowecond plurality
diagram for making a semiconductor device according to an exemplary

of condibRdiBien Ofdhecihve o BOO3RHsIG. 3(a) shows a semiconductor
device according to an exemplary embodiment of the invention.

[0031]FIG. 3(b) sBRWERBESTRINIUCINIQE TIEE aBRAWINGES an alternative
exemplary embodiment of the invention. [0032]FIGS. 4(a)-4(j) show a
[0024 procass Howw iagramdofenaking fand piesaadidientdish will become more apparent by
describing in detail exemplary embodiments thereof with reference to the attached drawings in
which:
[0025] FIG. 1(a) illustrates a known process of forming a thinned wafer that is bonded to a
first support carrier;
[0026] FIGS. 1(b)(i) and1(b)(ii) illustrate a known process of stacking flip chips onto the
thinned wafer with UBM pads 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 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.



[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. DETAILED
DES@GHPAIORNOSEFHRIEXIWROARM IEMBQIDRMERY $ 10880 TMENTS
present invention will now be described more fully with reference to the
[0035pCcComheasieatdraeiinios, vilichvex@nplaey atvroglingentteéthence to the
invention are shown. Stacked Package Having Two Dies [0036]A process

acconPhiiakingrasesdanductosdavitaysedassiibrdwiththeferentitatbghown.
process flow diagram of FIGS. 2(a) to 2(0).

Stacked Package Having Two Dies

[0036] A process of making a semiconductor device is described with reference to the
process flow diagram of FIGS. 2(a) to 2(0).

[0037] The process comprises the steps 1 to 15 which will be described in detail in the
paragraphs below.

[0038] "Wafer 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 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



[0037]The process comprises the steps 1 to 15 which will be described in
detail in the paragraphs below. [0038]"Wafer 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 be an inactive silicon wafer without active circuitry embedded
silicortfig6Rile OTAB BiiNg BibeoNaalalawibd activentineitivempeded et therRim silicon
Where the wafer is an active wafer, it would result in a functional die in the
nitridd e Tukivg:8tRgke ehaiehpackpgeoMheeHbenweier IvAsalRagtivRimaiRi ithe dielectric
would function as an interposer for distributing finer pitch connections of
layer, the bitifcstaekadabpuadehiasgat PYeh sorobetond piihenthe subsirdte20 in the
below. The etching can be achieved by patterning a mask (not shown)
drawi®io 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
[0040overy thEilametiviag AERS. Kyhimhcfantxanpieosesgpreactivehi@plated with a
etching (DRIE), is then performed to form the vias 110 in the wafer 100.
metallih@arask iSoambliaticadias the etthing inaampletecki Lt aidhiage form through
techniques include but are not limited to laser drilling. The vias 110 extend
silicorfriamartoaritent si0fasechidiagi | e wadgsolO0HoWad o teariayfacevlldbw be
such that their end portions 110a reside partially in the wafer 100.
referrd003 93 'Blie|peittion Bbtoie b &iimabebDepasitianinséeg2n S 1 2(b) FhEheetallic material
etched wafer 100 from step 1 is plated with a dielectric layer, followed by a
may, foakianpletdidayepaveaintpadietesdigsidyen, and followed by a seed layer
over the barrier metal layer. The dielectric layer is usually silicon dioxide.
[0041][The bBErsier SiirtRolaylengayepd G titEinuma foit i@ drdantadp i mdicandergo a
nitride. The seed layer may be copper or any other metal. For ease of
polishilhggbratiess, sineh dietbetric i yerclinei kanidishiepald ayeoaa dith ecselpdl layeeallic
are collectively given the numeral 120 in the drawings. 100401"Via Filling"
materialel® @ (&EES capper) dnethedienl Siddiitastéth2 veafiarthed platedththias 110 are
metallic material 130 to fill the vias 110 with the metallic material 130 and
formetience form through silicon interconnects 140. Accordingly, the end
portions 110a of the vias 110 will now be referred to as end portions 140a
[0042pf thé&RivouSdesNietr linderaoRaectatict(. sidpeSmietall i enatérialt sidy nfetallization and
example, be copper, tungsten or polysilicon. 100411"Front Side Polishing"
passivatem 4rd~¢@ri2(dyui e thaferfe 00 fr drons tepp3tmAy useddrgeia, "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.



polishing process such as chemical mechanical polishing to remove any
residual metallic material 130 (e.g., copper) on the front side 100a of the
wafer 100 where the vias 110 are formed. 100421"Front Side
Metallization/Passivation” step 5, FIG. 2(e):- Front side metallization and
[0043 passiaiipnaw Haf ek ohihent theey a1 0 froohsteprbré sdusrdidRiadt . chips
“front side" refers to the surface of the wafer 100 where the vias 110 are
160, etetmpedvand thah' hackisid T wiedadovibuaRROSIEssdace fitheumaieratdPositioned
The metallization process involves patterning metal traces and bond pads
over tp@tEhewm @ toa of fient sice1 10Qadf the watemdQbasdihethronighthe
silicon interconnects 140. The metallic layer used in patterning the metal
semictiaigsoartipondopadsligaydemaeppar calitainuith ahotheugieidisod heerconnects
passivation process coats areas on the front side of the wafer, which are
140 oMbt coyvREci by The onetallizatio selayendittoadassMtion Jayesitdiie @by dicing a
silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a
bumpg@hetasesitivRoepoxynestotiads adoess TWRR the260HiCWAR:tbD20iper1 60 are then
"WPR-1201", products of JSR Micro, Inc.). For ease of illustration, the
reflowfednd sidelnietatizhtientasfdeadspation tayiersvafer aollectively given the
numeral 150 in the drawings. [0043]"Chip-to-Wafer Attachment" step 6,
[0044FIG. 'A(HdeOfining' mafe BTGt @iguciDicfips B&0,ceachepriopdecOwitle eonductive
pattern of conductive bumps 170 such as solder bumps, are positioned
bumpoVe0 tind fienireurtade 100Qa Ditik & afafe 00 Qdesuctetifdtdihevithrductde-fill material
bumps 170 of the semiconductor chips 160 are aligned and are in contact
180 swithdhe Hproyglessilioontitencoangstsuti @opdhemvatesddenchpeubnenmaterials.
more semiconductor chips 160 may be obtained by dicing a bumped
[0045vafel Wrdtshoveh Mo hEmgdrttc 8y BIOLR()S: 1 TBeok thier d6Micrintiaciapshifpsare
160 are then reflowed to result in attachment of the chips 160 to the wafer
coverdd@itjOdAdThinaerefillih ¢ Gtaph/aFdGe@{gy: ek heogy pptybeteandleacahipdation
160, the conductive bumps 170 and the front side 100a of the wafer 100
materiate under-filled with an under-fill material 180 such as an epoxy resin or
other materials such as polymer-based encapsulation materials.
[0046]004 5 WMafafeFHinvimlgVistietirty Fé€e 2 8) F Gie 26} ded veafeafdl0100nas@h8) is ground
chips 160 are covered with molding material 190 such as an epoxy resin
and parspedymés-badeilde ié@psulatipos errate patti@B4B]OuvafercTthiongigsikten 9,
FIG. 2(i):- The molded wafer 100 from step (8) is ground
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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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

For eageaialiinatiafn qrosess aies nscmpial ttacasiane Rend Aras axes the lagked to
side 100b of the wafer and end portions 140a of the through silicon

collectiterconnecisdal Doe metrllicdayeisused in patterning the metal traces
may be copper, aluminum or other metals. The passivation process coats

[0048 preasiondtiehagknsidel ehtlen Wwadpr! WRDb. 2@ ot aavepachpyriellization (UBM)
metallization layer, with a passivation layer such as silicon nitride, silicon

pads dioxideopabdmide] fieas acyclobuie ne:(BERY poaiphotaIaBsitiver époXyom step 10.
resin (trade names: "WPR-1020", "WPR-1050" or "WPR-1201", products

The sé@déct&RaMinrmalnbe lobaiceaserahilusiratiomdingibacksipe imetdlizaitanaes12. The
the passivation layers are referred to collectively by the numeral 200 in the
UBM grawNigsmB088]idieef AUNMpAnetallizatonhsepNil AR Gu2i)PdUnde/Al, Ti-
bump metallization (UBM) pads 210 are formed on selected areas of the
W/Cumig(BRtized (Bt ool the Brafsi(BDQ, froiNice®y) dOTThe Belisted areas may
be locations for mounting conductive bumps in subsequent step 12. The
[0049]UBM'padsr Hbhipag betepd de FAGAZNVAThAINEN f2ds CLON i/ fhe, BaekNited,00b of the
Cu/Cr/A1, TiW/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/NI(EP), Ti/Ni(EP) or
wafer TUBHT/Pid1 o048 W ahelnBisrapungpsi0 12cHAGSsAdty: intdreddBNtpadeher non-
210 at the back side 100b of the wafer 100 are provided with conductive
solderhintaps2i20ts it ake daldet iniefconead aisC Qiperpildarssaldet snidscerenects
include but are not limited to Copper pillars, Gold studs, etc.

[0050]00508 B indatmiid stepte f, F3G-KemP-(iihe bheybtdwpetr waderhdmetatvifpre from step 12

structure from step 12 is singulated into individual units 230, each unit
is singuharyelisitogiiafiei dirpatits 08@, sivdulatecdowaiésindlternettipedyidtbme singulated wafer.

singulation may be such that the individual units comprise more than one
Alternahiypebndhsingglatechmvater 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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[0051]"Chip-to-Substrate Attachment and Under-filling or Over-molding"”
step 14, FIG. 2(n)(i) and FIG. 2(n)(i ):- 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
[0053 pndeFiiilest {FiGova(n)(irhrbanesonplsied & K50 200 Rinyittom mepdingo 15. The
material 250 such as an epoxy resin or polymer-based encapsulation
semicHAAiRNA phbieagel ol e dnaie i gl Nedanit/Bniftate supItaidich is attached to
[0052]"Solder Ball Mounting and Singulation™ step 15, FIG. 2(0)(i) and
the subdat@ (@i FhEhaigndersidefiitdsd hsiatac401E 1y avideth vt exigepald.
electrical connections 260 such as solder balls. The entire assembly is
[0054hen Biogy Bl@besh doviormaingivicuaBrRiondaodu plavkpac kagesswifieh @oen steps 1 to 15.
shown in FIGS. 3(a) or 3(b). [0053]FIG. 3(a) shows a semiconductor
The alpaakageB3dfidsultinpatipestieps dniprises Tiessamisradducto3paekageep 13
300 comprises the singulated unit 230 from step 13 which is attached to
attachtidacthesitdier2@ @40 eThaiii8036 pvarderdidied with the madiiponmeatesial 50 in step
250 in step 14. [0054]FIG. 3(b) shows an alternate semiconductor
14. package 400 resulting from steps 1 to 15. The alternate semiconductor
package 400 comprises the singulated unit 230 from step 13 attached to
[0055Fhe sUbkath2gdrkhpe stinittAsOrisuinde rifilednatnthecesdding shateriad FIG. 1(c),
250 in step 14. [0055]Unlike the package structure resulting from known
the papkages3es, d9GhowhowniFIGE) 3 theapd Kayesddidg4ihagspevensies of the
FIGS. 3(a) and 3(b) resulting from the processes of the present
presergRYhbodinenit have armudiidd bpaeioad ehftbmgitgutabad 0B 26@E)iwitidmpiblages 300,
packages 300, 400. This is a result of the "Wafer Level Molding" step 8
400. ThiSis2A(witiuchhadWafageousypidiegts@pd $HPpORth the hidfed i Gtardusly
the flip chips 160 stacked thereon, during subsequent steps 9 to 13, for
protecexamipigypditafitic Thifenih@0 stelpl@ dlipl CEpxgldatsoackstethd8ohdoripganbeequent
step 9, the un-thinned wafer provides structural support for the through
steps SilectB ifvteccampict ' WiattatinnohiptetgitdehhESinmitteowadepardd mbldipgor to
(i.e., steps 1 to 8).
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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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
[0058ptackevipackagas Wil ghraa ar Mere divafdnErnsdrie divscydife iiewgmore vias

silicon interconnects may be inserted between the top flip chip and the

310 indaHevarwade. AmesemplacPhecris0tdampagdhtnsterasdiaia diwwithonto a
through silicon interconnects is described below with reference to FIGS.

front sifa 304 GF. tHOORBE\Y@be rThtching Stpesds nkas dfahe Aonadaie3WDisof the wafer 300
etched to create one or more vias 310 in the wafer 300. The etching can

wherehReadhiey B py toastefoting dambskyvOrotishawa) Nttt it slda g dovesatmple, deep
the wafer 300. The mask exposes areas of the front side 300a of the

reactiwwalgr QORI @R IPE idalsed W dventedo® formebleariak Gaveis tiewefaedomMg The mask
areas. Etching, for example, deep reactive-ion etching (DRIE), is then

is rempe¢toamadio daimihs viaspddiedn Onkenvafelid®f:chhryieashciademaved not limited
after the etching is completed. Other etching techniques include but are

to lasem@iriltiige dTthel &gy AlléxgsnBhfeoviiad S0 e xigiiab & 600 ihe fhent sfierfa0e toward a rear
300a of the wafer 100 toward a rear surface 300b such that their end

surfacpGiinsudi Qe esitiecpafitatipis HOwakedc3RGtiHIR59)] thielattic)Barrier &
Seed Deposition” step 2, FIG. 4(b):- The etched wafer 300 from step 1 is

[0059platetDidtbeaididactite &aygerdoigweid dy' atbpljéltheted)layidreaxetidihevater 300
dielectric layer, and followed by a seed layer over the barrier metal layer.

from stdyeldiepdateit dayes d¢lsciaityl sjlicofo dioxédehyTheahaeriarcmblay dayeentay dielectric
be titanium, titanium nitride or tantalum silicon nitride. The seed layer may

layer, badcfoploeredrigny sothidn yeetaleiFbr dasecohikudtiagion, The didtecticddgyers usually
the barrier metal layer and the seed layer are collectively given the

silicomdimearil. 3Pk ibathediradhiyyc[GOHO0 P/ iadnillimg tisteimd®, fddde yanTdiem silicon
wafer 300 from step 2 is further plated with a

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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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
[0062EXamplenbsigeppen] ixagsiePassi paiysiticap J0063] Keontrige falisingization and
step 4, FIG. 4(d): The wafers 300 from step 3 may undergo a polishing
passivRiReEss sueltdsehaMmicalvares BIUGabRGlishiNg AQ (RBldwE Ny fasidsidk" refers to
metallic material 330 (e.g., copper) on the front side 300a of the wafer 300
the suitherefthe wagsl00akddesmed:iad 60621 FoomeSiirl the "back side" refers to the
Metallization/Passivation” step 5, FIG. 4(e):- Front side metallization and
opposPassifationf alie FarsesioutThe ihetwhfatimBsPeobenintemvds Astdatd ek traces
"front side" refers to the surface of the wafer 300 where the vias 310 are
and bdadpeds anet Hiwvwhach siges freéfersoia té:gopasifelruwiate didheduhtethdditsh silicon
The metallization process involves patterning metal traces and bond pads
interc{fintshoum) Thetaatlibdafrontsiden3RdRmaiipehw aieraBOAcandid®dhdau@l may be
silicon interconnects 340. The metallic layer used in patterning the metal
coppetrat@saianch looochpaastaiay Hie: papgedtialupriugss osanthecaneiafbe Tioat side of the
passivation process coats areas on the front side of the wafer, which are
wafer nohibvetatbbyoheat etatlizationllayeiowiil e, pasisivptisvivayer Biyeh @sh as silicon
silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a
nitridgp kidiose dsitiue: gpaxyniekinbinadeynhitnesnh E\\BUB LORH hhMiBER 100D mixy resin
"WPR-1201", products of JSR Micro, Inc.). For ease of illustration, the
(trade filamicsiGEVRRA DG OTWARI pasdsivatioN PRy 29 b epcollectivelySR v fad tinc.). For
by the numeral 350 in the drawings. 100631"Wafer Thinning" step 6, FIG.
ease off (f)ustrineonater 306 fidmmstep](Htisrgaod pdsaivdtpolitlyed ar s drckisicle referred to
300b to expose end portions 340a of the through silicon interconnects
by the3dMnd@DBAN 1B dekdsidenetallization/Passivation” step 7, FIG. 4(g):- Back
side metallization and passivation are carried out on the thinned wafers
[0063BO0 fromfstamhbniiy sgidliFdtion(prodésswdtie3ns Metatttrpceriagcbbohdnd
pads over the back side 300b of the wafer and end portions 340a of the
polishtireughtsitksidd3teiboneepts S4ill idmeionetHlia tHthe tsedgh pitenningrtvanects
metal traces may be copper, aluminum or other metals. The passivation
340. 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,
[0064ilicotBdukxids piiyatticieiondhmeytiobUsee7(BOB )40 b- fhsfoskiesititellization and
epoxy resin (trade names: "WPR-1020", "WPR-1050" or "WPR-1201",
passivptodurtsafri@R Micnchinbinfedvedss G0l fistnatitp, Ghd backgidbzation process
metallization and the passivation layers are given the numeral 400 in the
patterigrawinbsaces 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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[0065]"Under bump metallization” step 8, FIG. 4(h):- Under bump

metallization (UBM) pads 410 are formed on selected areas of the

metallized portions of the wafer 300 from step 7. The selected areas may

form locations for conductive bumps in subsequent wafer bumping step 9.
[0065[The UBNMdpadsp IRemn,eomradnep o, AUDI/AY) AUNGM/ Gumpori®iifidation (UBM)

Cu/Ni/Pd, Cu/Cr/A1, Ti-W/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/Ni(EP),

pads 4TONKER REdTHAYIIENE . 42Q6 6] WhestBUmRAI It RIEPT tid Graddr)300 Hiedm step 7.
UBM pads 410 at the back side 300b of the wafer 300 are provided with

The sctenddative B porAl0 sitidhafosoldrlutiesaannects. sihaueanvadideiumping step
interconnects include but are not limited to copper pillars, gold studs, etc.

9. Th{OOBF)'pddguletianysemide 6fA.1AW A d/bumped, \waferiang CaiNi/Pd, Cu/Cr/Al,
structure from step 9 is singulated into individual units or dies 430. [0068]It

Ti-W/Q@NhE PigCassRyy (e OscCalePypau@iny) bDiNad Bupp it Ceieviattached to
the front surface 300a to structurally support the thinned intermediate

[0066vaferWursiBsiapmp ters H00BS] Hoijormhine Benpisd WL tonisbkegd wiBoob of the
three or more stacked dies, the same process steps 1 to 5 as shown in

wafer BB Srefa) el &y idr e pridotinebuifs $2 6 (aypknb G ldbointstias@guentOther non-
steps 6 to 15, respectively, which will be described below.

solder[ @ eipstndMale bétttachorditiisep Gopper. mkys, Eokiresditing.
intermediate dies 430

[0067] "Singulation" step 10, FIG. 4(j):- The bumped wafer and chip structure from step 9 is

singulated into individual units or dies 430.

[0068] It may be necessary to use a temporary bonded support carrier attached to the front

surface 300a to structurally support the thinned intermediate wafer during steps 6 to 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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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
340 of b h&aMEI MRS 480" dhseahillusiationcanst deeGHpHies ohigined by dicing a
description and drawings would show the steps for forming a three die
bump&dackRd (PRckBgRn HEThicoaiiaiar € Blasp3ttestih Psemiied dittbachaiteydo are then
of conductive bumps 370 such as solder bumps, are positioned over the
reflowiedatmedinte diekKiaemsweht ahihe3e0nd Ubl verduisgisatd dcoktre
semiconductor chips 360 are aligned and are in contact with the through
[0071BilicorUnderciimingttseg40 IGhe(b)ieMhe dife ks 43 thel digse3vicandlieior
chips 360 may be obtained by dicing a bumped wafer (not shown). The
intermedivde dive4d0mpd BZvetihkesaimitastietaresips Btliara sheafeefteaveast under-
to result in attachment of the chips 360 to the intermediate dies 430.
filled 00K 1" Whndterdillingtesie3 §0 buch &(lay<pbeygagia beviee mertipadntie polymer-
and the intermediate dies 430, and between the intermediate dies 430 and
based $irdisiuluater mayriadsunder-filled with an under-fill material 380 such as
an epoxy resin or other materials such as polymer-based encapsulation
[0072materalse[A0R2) Welidin ke veip\oiagS @ep8ieRIE wale): 3 0heahksinteaiardiate dies
300, the intermediate dies 430 and the chips 360 are covered with
430 andohdiohiplaiediatSa stechwathanodgiaxyni@siiadB poyrierd@sepoxy resin or polymer-
encapsulation material. [0073]"Wafer Thinning" step 9, FIG. 5(d):- The
based mmelged laaiam3erfsbm step 8 is ground and polished at its backside 300b
to expose end portions 340a of the through silicon interconnects 340.
[0073[0074MBaaKTRideiMtakiz iGN a68)valioninslepdl ®a felG 0B (BhmBagkSsislground
metallization and passivation are carried out on the thinned wafers 300
and pdinhedtapt9bidiasidweiaiz atiorporeceskpoaticin 340 @ ta ks agidshidroh
pads over the back side 300b of the wafer and end portions 340a of the
intercdhreagtBgiicon interconnects 340. The metallic layer used in patterning the
metal traces may be copper, aluminum or other metals. The passivation
[0074 procéBadoaideavbas bratha Fask widerdfstiep WaEIGWHich Bechaidomereliization
by the metallization layer, with a passivation layer such as silicon nitride,
and paiicenaiexidayrpedyimide, the tizooydlphiitend)(BBB) step phdtesmesitivation process
epoxy resin (trade names: "WPR-1020", "WPR-1050" or "WPR-1201",
patterpr otk srafe3SRINMDId phats. hvieothedselofillaShati o thkevb&olksidend portions 340a
metallization and the passivation layers are collectively given the numeral
of the 4pOugltisdidoaviimgysonnects 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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[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 410 may be made of Al/Ni/Au,
Al/Ni-V/Cu, Cu/Ni/Au, Cu/Ni/Pd, Cu/Cr/Al, TiW/Cu/Ni(EP)/Cu(EP),
410 mey/CHadETAVIKE R, TANER )@, THAVTIAN\GCU0ATE] vgter BUrmping”
step 12, FIG. 5(g):- The UBM pads 410 at the back side 300b of the wafer
W/CuB0QER QUM ed Vit COERANYE P PR {RO)ssichias/Jaltey .

interconnects. Other non-solder interconnects include but are not limited

[0076f0 CoppeiepBansyiaoldisiuts, G, [IRY 7 I'RingBiaticnlsstep ik 3h&Hacibéh)e-300b of
The bumped wafer and chip structure from step 12 is singulated into

the wdRgligELalelids 440 WOR ¢BhduatprtohbsUatesAdtaghso R aMdrconnects. Other non-
Under-filling or Over-molding"” step 14, FIG. 5(i):- The singulated units 440

solderdrecadtacied tachugulbsir ate AsQibiteaflowoppiieptbitie Gole adweets 420
at the backside 300b of the wafer 300. The mounted units 440 are

[0077pverispigadtivith acsmoBliRIONSteyial su Suapalweoxynieshipiitructure from step 12
polymer-based encapsulation material. The substrate 450 may be an

is singoigaditdlanidatzlsalhstrate4@Vhilst not shown in the drawings, it will be
appreciated that the mounted units 440 may also be underfilled with the
[0078moldiathiprateSighstith Agdohihentasd DA AQQO0: (Darafiddidet Bell 14, FIG.
Mounting and Singulation” step 15, FIG. 5(j):- The underside of the
5(i):- The singulated units 440 are attached to a substrate 450 by reflowing the solder
interconnects 420 at the backside 300b of the wafer 300. The mounted units 440 are over-
molded with a molding material such as an epoxy resin or polymer-based encapsulation material.
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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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
derivedd@femferanabaapsddterd seddre s mgutate dlinie dnoiwidualsdieadodisteekingyill be
on the 1st wafer. Semiconductor Package [0081]There is provided a
appre&eiobatthet prdaskagentm prisiDayoe: 08 shipis Jinsisiasketsimaaratticatires
manner onto a substrate. FIGS. 3(a) and 3(b) show exemplary structures
derivedffioengeotienndudior haskhge Whiekbad. 3(a) and 3(b) were previously
described as having been derived from the process of the "Stacked
[0082 PackregrriayingFT&/o3 Rig shesehocimiitoit putkbgcappiptiried filatdiel 00 and a
present invention would also encompass packages of similar structures

secondl@fdveshframefiagessas®tacnthantthidsd @@ dedcribadk i00300Retaifigrt die 100
to FIG. 3(a), the semiconductor package comprises a first die 100 and a

may bseeandivielik60ith ke biegddiec k0 ravafidniside di00qihodtabackisidded circuitry.
100b. The first die 100 may be an active die with embedded circuitry or an

The fitvadiévendituvithout Ridy canpedded «itudinyh The dishaie dfHe furthie), each having an
includes a plurality of through silicon interconnects 140, each having an

end petidmpotienttiodakikiddatdbsideht Aot didheditsiddiadiOfoaticha 40p at the front side
portion 140b at the front side 100a of the first die 100. The through silicon

100a ofithechirsndaid 040 Bacthhaglasilielecireiaysidarmdd elonydisaidiekaatic layer
walls, followed by a barrier metal layer formed over the dielectric layer,

formedmntbiipeits ansaed] laydis foshhaded\sr ditaibziriactaldigklalpemdddevdiglecticectric layer,
layer is usually silicon dioxide. The barrier metal layer may be Ti, TiN or

and thtandakod layicofomiteid ovdittheskad dayestmhdyybie dbppkeloctainyiayitras metdly silicon
For ease of illustration, the dielectric layer, the barrier metal layer and the

dioxidse€bhtayatarercodlcatveiyreter bd The ourasrdhd20liootheitidevifige. sded layer may
metallic material 130 fills the space within the internal walls to form the

be coptpeoughngilicher imtgtat.oRnecaskAdY. iMhetnateia) libaditkrdaliciayefahekampltanctal layer
be copper, tungsten or polysilicon. 100831The front side 100a of the first

and thdiseddhhasee vdtatiinatipnelyedphttermestdahE280n fice 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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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,

remaikiapZeeyC GRS (EGR}I0Mhe RRAINBAASHI Ve ORYr s dIaAde ARIREShe backside
"WPR-1020", "WPR1050" or "WPR-1201", products of JSR Micro, Inc.).

metal IAfi6ASAOTHY wakatieneiheykani:sidel mgiadiy alivh andassiyietomilager Grawings.
are collectively given the numeral 150 in the drawings. 100841 The back

The b&itleid0Qb0Y theHdisindiadtoQ plamliaso UBlaljzationdayanpataedstted areas of the
thereon to create conductive traces and bond pads and a passivation

metalliayépoatomyithikkctRnBbimipg 220asdoidandsitetwithibasaaialinadioon the
layer. For ease of illustration, the backside metallization and the

UBM pagsiyvationiryensrateldot aatinalyrgidte indledes marale2QQ imthedde@opgsr pillars,
The back side 100b further includes a plurality of UBM pads 210 formed

Gold ©wndsetecterhareBd/opiie 1netializeéd pONIDAS, AONIUCITE, QuiNIsAZR CsOeiiPd,
as solder interconnects are formed on the UBM pads 210. Other

Cu/Crivon-BeMeC irta(EmragBRnaltdes OutEr e MoE P e INtOERY pp at/pilldaisNi V.
Gold studs, etc. The UBM pads 210 may be Al/Ni/Au, Al/Ni-V/Cu,

[0085Cu/NilkaseContll dRd] A0UHCTIAds d HOMGIdN (&) 4ad EREKGIHE U/6D(RRY/ Nirther
(EP), Ti/Ni(EP) or Ti/Ai/Ti/NiV. 100851The second die 160 includes a front

includsice pl6xdignd adndaktBid @GP | a0 dotunthiedtithel bdels ddelurdity Tife second die 160
conductive bumps 170 formed at the back side 160b. The second die 160

is stacis:dtackedhofitst ithe 1ioskidie H@drear auriatre tisuctnthatiheboonducTivere aligned and
bumps 170 are aligned and are in contact with the through silicon

are in kisteamidcthd dbovih wildenfiling onatersal 4AB0Ail sitldersfidce bettwaein] 80 fills the
the second die 160, the conductive bumps 170 and the first die 100. The

space bogerefiltimaterad 130 I6@ythxecandeptxy basipsol titlhed thatbrialdisuon. ahe under-
polymer-based encapsulation materials. A mold material 190 also covers

fill madergai d}fsmiatds theepegpnestiod 6 andatka fronidicde AdlQamerd-thascfirshdipsulation
100. The mold material may be an epoxy resin or polymer-based

materighcapsutdtiommasil) 180861dikencaldpdusacoric dieandidieisEtackate front side
on the first die, forms an internal package 500. The internal package 500

100a af thnofintiedi © htd.a Bubstoater401aTl heng bbstnatpo2gGasiaybpodyiantibased
substrate or an organic substrate. 100871 The semiconductor package

encapfulshien imaligdes a mold material 250 which fully encapsulates the internal
package 500 on the substrate 240 and a plurality of external electrical

[0086 EonnEbtioms Reiksuuit akesoldeh baltddradech oheifSrsintier Siatms an internal package
100881Referring to FIG. 3(b), alternatively, the mold material 250 may

500. Bixdyinipdet-fiicitre 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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space between the internal package 500 and the substrate 240. [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 die 300

[0089pNd thevieseng e Rt Waultdcdsmidavaibuayghisilie T intgieRBREeisddon would
formed therein. Accordingly, for a three die stacked package, there will be

also eRadntesveaiate dis 430Keatwrendhaiitiona BOG-anthtbenseicarsdientermediate
360, and the intermediate die is stacked in manner such that its through

dies fEHiRAbEREEO MRERESt IO 300Ch A0 Mk St B UM 3% @ A @l Mg heek Wit he silicon
through silicon interconnects 340 of the first die 300 and the conductive

intercéntegs SMDfofilad gageind diecdalin PPA0}QANEros diostaokdipiampmate will be
embodiments described above provide one or more of the following

one in&auaidiagesic[909 bhNoctenipofary diorndedsd frost cardidids 66gakthédntermediate
the wafer in the 2-die stacked package assembly process or at least for

die is thee kst inafenieithecB dramerehehagiadkes paeckagmasseabindroedastds bumps
will be clearly understood from the description above. [0092]At least for

420 arthaligrlié widckaeotipaoighgtli@saambalyopreces34 Qivihdfattidére 9 aad the conductive
requirement for the support carrier, new process and material (e.qg.,

bumpsadihesibk develdptizeddequired for bonding the temporary support carrier
to the wafer need not be implemented. [0093]Accordingly, at least for the

[0090P-dieCriackenopaokagecassgiablyepibodisseraaditadribed above provide one or more of
the following advantages:

[0091] No temporary bonded support carrier is required for the wafer in the 2-die stacked
package assembly process or at least for the 1st wafer in the 3 or more die stacked package
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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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
[0096 PackagenhGaBBIAGINe MiRcBSSUSIePSi cshnpteieanike B dglilenah Reneing Whfer is
the carrier substrate to the wafer or 1st wafer and the subsequent
condud@dandlsgntherefierhdha danerdahackhit pohip dit siackiny agsestilye the
flow cycle time may be improved. [0096]As the fabrication of the through

flexibiitigon tetescRndedsHip daewafeeopitsh wales is gonrdueied /@ ¢einpledaitr
in the unground state, the process allows the wafer to have the flexibility

bump@f heing priderhentpediasprioasspiteiwitac Suahenbblbipch @narkasivge.
solder bumped with a pre-formed ball drop process, at a larger solder ball

[0097 pitchanthdalh iz en QOO Tl Hips watkcaniktbenfipeahiigdest fsksp & ther ¢0G. 2(h)]
are molded [step 8, see FIG. 2(h)] prior to the wafer thinning step 9 and

prior taifdgiieifontiiepidd stieomatilsnghrlpsntotsp ppottisvatddidyirtpthimsipgort wafer
and singulation. [0098]While the present invention has been particularly

duringsthonviingrich dlesgiiladbivith reference

[0098] While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein without departing from the spirit and

scope of the present invention as defined by the following claims.
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to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be
made therein without departing from the spirit and scope of the present
invention as defined by the following claims. What is claimed is: 1. A

What sesnigasg@uctor package comprising: a substrate; a first die having a

front side, a back side, and a plurality of through silicon interconnects, the

first die being stacked onto the substrate; and a second die having a

front side, a back side, and a first plurality of conductive bumps formed at

the hack sidacbtheckagerddirising:second die being stacked onto the

first die and having under-filled the first plurality of conductive bumps such
thagqubeartitst plurality of conductive bumps electrically communicate with

the through silicon interconnects; wherein a first mold material

encapstiates ie seoand dicasnd tkeddamdsidsah e dif shrdigilagitl @n interconnects,
second mold material encapsulates the first die, the second die, and a

the firpldialilying saldediotroabaneabisatd; die semiconductor package of claim

1, wherein each of the through silicon interconnects further comprises:
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, the second die being stacked onto the first die and

having under-filled the first plurality of conductive bumps such that the first plurality of

conductive bumps electrically communicate with the through silicon interconnects;

2.

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 solder

interconnects.

The semiconductor package of claim 1, 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.

22



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
3. metatfigeriaHBEGH diling pRacsvwihittieinternal wallp:afithe through silicon

interconnect. 3.The semiconductor package of claim 2, further

comprisiggilic layemgtedisalayelAnd A fassielion ayerdarsied amMHbrst die
front side of the first die so as to be non-overlapping; a metallic layer

soaRdbRarHVRHemppyes; formed on the back side of the first die so as to be
non-overlapping; a plurality of under bump metallization (UBM) pads

formadiiathe mesalie layesonilsm hack fidadf dhatfirsheissiandfaresandic

plurality of conductive bumps formed on the UBM pads.
so as to be non-overlapping;

a plurality of under bump metallization (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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