THROUGH SILICON VIA DIES AND PACKAGES

BACKGROUND [0001]Miniaturization of consumer electronics with
increased functionality and high density memory has long been one of the
major drivers in semiconductor packaging developments. Extremely
dense electronics can be created by stacking thin silicon chips with

interconnectign$ROLIE Mg caBtTRCUPA. D IEgUBN SiPmoKIAGES V)
process is one of the techniques used in the packaging industry which

enables stacking of thin silicongreardTirkits (ICs) to provide
heterogeneous integration and a potential increase in the physical density

[0001pf somm Rleetrenim sfemsnitngdonsnddditianatisathis tachn@lgay and high density
enables potential architectural configurations for true vertical integration

memoy1RRJoIE bide daclayeis hyjdraimaticalyssmicasingdhparlegiieisamwmaatnts.
capability of a given IC. [0002]lt is desirable to improve on TSV

ExtrefiR¢deingy] dofrexaspie bsiorpifying desibin andniioressthtptonitipligéeconnections

yields, decrease costs and/or improving throughput. SUMMARY
in the vertical direction. Through silicon via (TSV) process is one of the techniques used in the
packaging industry which enables stacking of thin silicon integrated circuits (ICs) to provide
heterogeneous integration and a potential increase in the physical density of some electronic
systems’ functions. Additionally, this technology enables potential architectural configurations
for true vertical integration among multiple IC layers by dramatically increasing the area
interconnect capability of a given IC.
[0002] It is desirable to improve on TSV technology, for example, simplifying design and
processing to improve yields, decrease costs and/or improving throughput.

SUMMARY

[0003] Embodiments relate generally to chip packages. More particularly, embodiments
relate to 3D chip packages. The 3D chip packages can be facilitated by TSV dies.
[0004] A method for preparing a die for packaging is provided in one aspect. The method
includes providing a die having first and second major surfaces. Vias are formed on the first
major surface of the die. The method includes forming a mask layer on the first major surface.
The mask comprises mask openings that expose the vias. The mask openings are filled with a
conductive material. The method further includes reflowing to at least partially fill the vias and
contact openings to form via contacts in the vias and surface contacts in the mask openings.
[0005] In another embodiment, a method of packaging that includes providing n number of
dies having via contacts through the major surfaces of the dies is disclosed. The method includes

stacking the n number of dies to form a die stack, where n = 1 is the bottom die, n = n is the top
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[0003]Embodiments relate generally to chip packages. More particularly,
embodiments relate to 3D chip packages. The 3D chip packages can be
facilitated by TSV dies. [0004]A method for preparing a die for packaging
is provided in one aspect. The method includes providing a die having first
and second major surfaces. Vias are formed on the first major surface of

die of tie stiekThé¢nathadsioaludes Taigningoapnasis e e othaifi&nma@ioor dies. At least
surface. The mask comprises mask openings that expose the vias. The

one ofMiasiepeningstare dllagrwih arenpdugtiyperariatialkeTloe saatirdiledbeiprises a die
includes reflowing to at least partially fill the vias and contact openings to

substri@Mavia AN Heibedving andisuctace contadisoiicthet MasioPNaMogs. The
[0005]In another embodiment, a method of packaging that includes

reflowRMigbdgire MwenifrE afreiek havisdiWamepiaatEibsaaghtheomaioopetifages

of the dies is disclosed. The method includes stacking the n number of
corresgiggligofarnandis, siatkindoaract inlths thes hattemfdie, Jvmdrisithehépdiact
openings, wherein forming the contacts comprises filling the contact openings with a conductive
material and reflowing to fill the via openings.
[0006] A die that includes a die substrate having first and second major surfaces is presented
in another aspect. The die includes vias passing through first and second surfaces of the die and
a contact mask on the first major surface. The contact mask comprises mask openings
corresponding to the vias. The die further includes a conductive material filling the vias and
mask openings to form via contacts in the vias and surface contacts in the mask openings.
[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows an embodiment of a chip;
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die of the stack, wherein vias on the nth die is coupled to the vias of
adjacent die or dies. At least one of the dies of the stack comprises a
reflowed type die, the reflowed type die comprises a die substrate having
first and second major surfaces and vias through the major surfaces. The
reflowed typed die includes a mask on the first major surface having

[0010FontagE Opshingsafafifaspmndiia fa tepupaskand mid contacts in the vias
and surface contacts in the contact openings, wherein forming the

[0011Fontasfs cruines filigubeisentactapraingsdipd.a conductive material
and reflowing to fill the via openings [0006]A die that includes a die
substrate having first and secorpiBRaRIFUdaces is presented in another
aspect. The die includes vias passing through first and second surfaces of
[0012Fhe digrdoditeantasisnaiskontthe fispaaigchipdacepddagaptant ohaskackages.
comprises mask openings corresponding to the vias. The die further

Other iypkideSaptvaduat vamaie bahfiting thavias apdsodskippeningsctd ey muckaged.
via contacts in the vias and surface contacts in the mask openings.

For ex{#apiE| These andiethenabiegisevdlengivhits adiamatagesatshiaatyse snehibe
present invention herein disclosed, will become apparent through
(DRAMfierensgctentidefol ovingriesanpidrnany dhe aetamparyiofrdiawelgiec memories
Furthermore, it is to be understood that the features of the various
including programmable read-only memories (PROM) and flash memories, an optoelectronic
device, a logic device, a communication device, a digital signal processor (DSP), a
microcontroller, a system-on-chip, as well as other types of devices. The ICs can be
incorporated into various products, such as phones, computers, personal digital assistants or
other types of suitable products.
[0013] Fig. 1 shows an embodiment of a TSV die or chip 100. The die comprises a substrate
110 with first (bottom) and second (top) major surfaces having circuit components formed
therein. The substrate comprises a semiconductor substrate, such as silicon. Other types of
substrates, for example, silicon-on-insulator, are also useful.
[0014] At least one through via 140 is provided. The through via passes through the major
surfaces of the substrate 110. In one embodiment, the through via comprises a tapered sidewall
profile. For example, the sidewalls are tapered about 70° to 90°. Tapering of the sidewalls
facilitates filling of the via. For example, the tapered sidewall encourages uniform material
coverage of the sidewalls and base of the via which reduces formation of voids. Providing vias
with a non-tapered sidewall profile is also useful.
[0015] The via is filled with a conductive material to form via contact 144. The surface of

the die comprises at least one surface contact 150. The surface contact is coupled to the via

contact. Generally the die comprises a plurality of via and surface contacts. The via and surface
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embodiments described herein are not mutually exclusive and can exist in
various combinations and permutations. BRIEF
DESCRIPTION OF THE DRAWINGS [0008]In the drawings, like
reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis

contadRIBRE CANAIAHY et Ptagpdtipen it sikatiidethBcrineiole S Af Barranged in a grid
invention. In the following description, various embodiments of the present

or arrdQYRAEEN Weheepsarihiag with rferenss dhedellening shawingsydApMBighsf the die,
[0009]Fig. 1 shows an embodiment of a chip; 2 [0010]Fig. 2 shows an

are alRNBSUIMERE 9f 260 BuPRCkaYatRACNIREANTIH BprisSHRWaaie material. In one
embodiment of packaging chips.
embodiment, the via and surface contacts comprise solder. Various types of solders can be used.
The solder, for example, comprise lead or lead free solder.
[0016] A contact mask is 130 is disposed on the top surface of the die. The contact mask
comprises contact openings 133 which expose the surface contacts. In one embodiment, the
contact mask comprises a patterned photoresist. Other types of materials can be used to serve as
the contact mask. For example, the contact mask may comprise a solder mask. In one
embodiment, the contact mask facilitates forming the via and surface contacts. For example, the
contact mask provides contact openings which can function as a stencil for disposing conductive
material for forming the via and surface contacts. A die attach (DA) layer 170 can be provided
on the contact mask. The DA layer, for example, comprises die attach film or B-stage die attach
adhesive and is used to securely stack another die thereover. A plurality of dies can be stacked
together to form a die stack.
[0017] Fig. 2 shows an embodiment of a package 205. The package includes a carrier or
package substrate 220 with bottom and top major surfaces 211 and 212. The carrier, for
example, can be a single or multi-layered laminate substrate. Other types of carriers are also
useful. Package contacts (not shown) are disposed on one of the major surfaces. In one
embodiment, the package contacts are located on the bottom surface. The package contacts can
comprise spherical shaped structures or balls arranged in a grid pattern to form a BGA. The
balls, for example, comprise solder. Various types of solders can be used, such as lead or lead

free alloys. Arranging the contacts in other patterns or providing other types of contacts or

materials are also useful.



DESCRIPTION [0012]Embodiments generally relate to preparing chips for
packaging and chip packages. Other types of applications can also be
useful. Various types of chips or ICs can be packaged. For example, the
IC can be a memory device such as a dynamic random access memory
(DRAM), a static random access memory (SRAM) and various types of

[0018]n0N-¥R @tde:mssanhias.a e dbod Rnedidmabiei s asvRIdy saaRdpSurface of the

(PROM) and flash memories, an optoelectronic device, a logic device, a
carrie€COTHO U Cliam devicen adiipirksisnalinpocasser E3SPT e Biahesrtmliets
a system-on-chip, as well as other types of devices. The ICs can be

compriREQHRFIS Halse ¥ 3HIALISRKOSIUSIHs STRH s PeNRst A RutBEsarReIgaNal various
digital assistants or other types of suitable products. [0013]Fig. 1 shows

patteri®) Earadimsie] Bk adntiédiepbehifah@ed Tine gicl pamuphisahasithsh atehe bonding
110 with first (bottom) and second (top) major surfaces having circuit

contact®BhpanEis-éoporrrksnaceiin foesUbSIHRIENEE Pises thaatheasttiuaher types of
substrate, such as silicon. Other types of substrates, for example,

patterisiligendeninstiliatah cberalisg usatult{00 4}AhpRS conptRecisliicviavkddis types of
provided. The through via passes through the major surfaces of the
soldersibsthatesdd Gubh apéeatnhiddiméint He fhrotighbviedagmprisrssatapaegcbnnected to

sidewall profile. For example, the sidewalls are tapered about 70 to 90.
the padlapervatat thensideatisiacittaies ffiiagaofithe via. For example, the

tapered sidewall encourages uniform material coverage of the sidewalls
[0019bnd hasaoétitedimainjanliediack farimaitameiivoidsthienedkling. Vietlsewithstack

a non-tapered sidewall profile is also useful. [0015]The via is filled with a
compréanducitivddnafatied 100prno0sandantacisi42. The Alitaae2Gh b die provided to

comprises at least one surface contact 150. The surface contact is
facilitaewplekiitg the dies cogdaet. Gérelry filrethenptanqrispssa plivaditypefagidescribed in

and surface contacts. The via and surface 3
Fig. 1. In one embodiment, via contacts of the bottom chip (n = 1) of the stack are coupled to the
bonding contacts of the package. For other chips, the via contacts are coupled to the surface
contacts of the chip below. The dies of the die stack can be of the same type and/or size.
Providing a die stack having chips which are different types and/or sizes is also useful. As for
the die at the top of the stack, it can be a TSV or other types of dies. For example, the top die
can be a flip chip. A DA film can be provided on a top surface of the dies to facilitate stacking.
[0020] In one embodiment, an underfill 268, such as epoxy, can be provided in the cavity
formed in between the chip and the carrier to encapsulate and protect the bonding contacts. The
underfill, for example, serves to reduce thermal stress between the bumps and contact pads,
improving reliability. The underfill preferably fills the space between the chip and the carrier,
completely encasing the bumps. Various techniques can be used to provide the underfill in the

cavity. The underfill, for example, can be needle-dispensed along the edges of the die and drawn

into the space between the die and carrier by capillary action and cured to form a permanent



contacts can be arranged in a desired pattern. For example, the contacts
can be arranged in a grid or array pattern. Other patterns, such as locating
the contacts and about the periphery of the die, are also useful. The via
and surface contacts preferably comprise the same material. In one
embodiment, the via and surface contacts comprise solder. Various types
bond. Ah R0 SRABEHSGPHITING BRdatcionxampleucAMPISeleathOEHBAM) can be
free solder. [0016]A contact mask is 130 is disposed on the top surface of
providé®tdienchpsutapidetoNipsiLaMmpHses;aiash aResi0am A3 Wifblexpasinpound.
the surface contacts. In one embodiment, the contact mask comprises a
[0021 patteFied RhRigIesIsh EXibediyieasafipatesialsepidparifed 4k satvesaanbling dies
the contact mask. For example, the contact mask may comprise a solder
in a pdtiagie. IFigN8a/MOd ke s (he TrtAetompK sl kats s iar3ingvifie fe fsttom) and
surface contacts. For example, the contact mask provides contact
secon®PepINGsjviiciTRaP. fihetiobdsi@ stenstder disposind casdiitive taigmads silicon.
for forming the via and surface contacts. A die attach (DA) layer 170 can
Other bgpprstidedrardh contaginasiconm DAdayer, iar dxanmplt] campsigasrate is
die attach film or B-stage die attach adhesive and is used to securely
prepaisi@cktaraihgr cienfoakeoysnch purahitysoisiescardepadkad iadethatdsancctions
form a die stack. [0017]Fig. 2 shows an embodiment of a package 205.
to formha packagsasiicitidads aasiiebopradied & Jubsiratke216. VWidhballpm phdality of
top major surfaces 211 and 212. The carrier, for example, can be a single
dies arprudésiayengthtalirinatievatisirhich thes iypks wibsantiefsrate dise. UBafuhickness
Package contacts (not shown) are disposed on one of the major surfaces.
of the wadae fombauiple ntathiecpdokiageiconiatis aidngeeiédowithethettdtitknesses is also
surface. The package contacts can comprise spherical shaped structures
usefulor balls arranged in a grid pattern to form a BGA. The balls, for example,
comprise solder. Various types of solders can be used, such as lead or
[0022]ead Refemilgys PigallyibbitheieoAticisd fioobhnet. pattare srobqtonedinthothas are
types of contacts or materials are also useful. [0018]In one embodiment, a
formedieydeswtidgliegio W60 ischniyidedochtiredap seatace ofitleelagi@PRIBE are also
die bonding region comprises bonding contacts 265. The bonding
usefulcdPRdEisfeoexpnipdes pivdnided Kivapeg stnaskukgsoobditsdithadpatingd to expose
contacts can be arranged in various patterns. For example, the contacts
portionainfibeatramdeckitha grsl patte be. fohegiatiEra ohshdadyendimgeeamidetsomprises
should correspond to the via pattern of the chip to be mounted thereon.
photoi@ihser €)ihes typ patemmslasatbauisdfuid Tiaskh erdiatgp eoafalctd Hoexposed portions of
example, comprise solder. Various types of solders can be used, such as
the diderad acheddyrBR Hiofsniihe thodiimd \dentdotsrarenimaivoemette bliodheas are
package contacts on the bottom surface of the carrier. [0019]In one
formedmigbditapats ddigistadio0ainptm tintethe ntonprespadkpged Fhewigl gtadke of about
comprises n number of dies 1001-100", where nis > 2. A DA layer 270
70° tocHN b€ qpanged thefaicititett sstackitagiHdldigofabethier. Fidnextismléothe tapered
example, comprise TSV chips as described in Fig. 1. In one embodiment,
sidewaibfadiitacts ofi fherbot@niatoyy ¢razclg fahthedetasksanaddaispletithe the which reduces
bonding contacts of the package. For other chips, the via contacts are
formationpiedoidsth@switicg viantattsoidheaphipe bdeldwalhe cids iohithe wdieful. The etch
stack can be of the same type and/or size. Providing a die stack having
mask chifis wdncivatefikifeie vidypesfandédr ikl iplalsg usefile Asfomthe chietlat surface
the top of the stack, it can be a TSV or other types of dies. For example,
of the tthie toodie caonnenallipiaieipack DA e cantduesprovitlad oonadoposiai fadM
of the dies to facilitate stacking. [0020]In one embodiment, an underfill
proces268¢caubh @sépoxy, can be provided in the cavity formed in between the
chip and the carrier to encapsulate and protect the bonding contacts. The
underfill, for example, serves to reduce thermal stress between the bumps
and contact pads, improving reliability. The underfill preferably fills the
space between the chip and the carrie?, completely encasing the bumps.
Various techniques can be used to provide the underfill in the cavity. The
underfill, for example, can be needle-dispensed along the edges of the die

and drawn into the space between the die and carrier by capillary action
and crired to form 2 nermaneant



bond. Other techniques for applying the underfill are also useful. A cap
(not shown) can be provided to encapsulate the chip stack. The cap, for
example, comprises a molding compound. [0021]Figs. 3a-k show an
embodiment of a process for preparing a die and assembling dies in a
package. Fig. 3a shows a die 300. The die comprises a substrate 310 with

[0023first (RotigMcand sfsandA{RBB 0Rjesriwdagemhelibp SulbsisaietBOMpIiSER @ontact
semiconductor substrate, such as silicon. Other type of substrates, for

mask, €¥aBalapRliconmtdeplaiaesaie aligRuseld of benftishale isPreRASeful. The
with circuit components, such as transistors, resistors, capacitors and

phototedREGORBIRELI OBl taxporat avitiCar cRpSSIvatioN ta YRl R depRMdethi@ontact
protect the die. Generally, a plurality of dies are processed in parallel on

openin¥afE¥Inbitthsaiyes dscthpsuhsisaieifaiine siefkr halthiskessaf theerve as the
wafer, for example, can be about 700 pm. Providing wafers with other

contadhiekeSTRE islalsaaskicin [0 A3 ReipipRY d@idl psinddinatyiag BsfOsareace of the
formed. In one embodiment, the vias are formed by laser drilling. Other

die withalpritiugs cspoigstieepsedtitvedoln ickiegs(h3 ) e aflalspetsafislare selected to
DRIE, for example, includes forming a mask layer on the die and

acconpadi@ieaecstdfipaserariaTs ofdnediemheral thepviakier euddee fatetcontacts
The mask layer, for example, comprises photoresist. Other types of

with theakkicdulimassiard mask, are also useful. The exposed portions of the
die are etched by DRIE, forming the blind vias. In one embodiment, the

[0024plindIvi&szakd farrorduviiie adtapeastd 3 ofitkepbsiteeamplesuberuiastilling at least the
comprise a tapered sidewall profile of about 70 to 90. Tapering of the

contacgidpwiatissfadilitate siibiodjoé tihahdaohdn@kamplerthetapaieck silderglhste. Various
facilitates uniform material coverage of the sidewalls and base of the via

types wihichi¢epatesdonatioh df aaidsmiplaVidiagviesiviitle sohdunpagterexh be used. The
sidewall profile is also useful. The etch mask can be removed after the

soldenpastacerf bxnfecn &dBMitidatprg inayshe: peldermpadooprititenguetdoeqobtheithe stencil
to form a compatible interface with the contacts. Various conventional

319. TiBktpratessées eanchie sessoh (OARBJIrsteigiBoDeheortdatiquaska330iiging solder in
formed on the top surface of the die. The contact mask, for example,

the contriprsasghatordsistsAitter types of contact masks are also useful. The
photoresist is selectively exposed with an exposure source and developed

[0025}0 fortefeomtadbdipieniegthd83Bnehlichrenposd dienpasitiieheatlédy paste. A reflow
solder mask can be used to serve as the contact mask. The solder mask

processan [efdonekafleystendll grst st fille top \sesfhostofctpel ki witbet to form via
openings exposing the vias. The mask thickness and size of the openings

contacis 8 4¢|eEheddfcorc atnm fiooaia tecan spificieshaped snt fat c onaliactivaSthatehiat bmtact
produce surface and via contacts with the desired dimensions. [0024]In

openirtgs) 0 8ef; thevnductive s dtevidl B5hit-déepabited tha thidosubstpdsthitingoaid be
least the contact openings In one embodiment, the conductive material

dependemhprisks tspkief pastectixarivastippescdiasd darupdstpi caly e aeedudat at
example, lead or lead free solder paste can be used. The solder paste can

tempebduisnsetiindhid @pdhingpoding s thdesopdsts yrimttagitdchniques with a
stencil 319. The stencil can be a mesh screen or metal stencil. Other

[0026}echrigors dobpdintend. solskevim theF tprithdhopetimgswifecalsbtheefafer is grinded
[0025]Referring to Fig. 3e, the stencil is removed after printing the solder

(back graming) teefrslvoerdeabiclonpesrfdraddr. REflobviekgtintagepansaiyhillottem of the via
vias due to capillary effect to form via contacts 344. The reflow also forms

contadigniisPrefibshap eenses fiaseedntudte RBE it dicanttutvopenirigsigverahexample,
via contacts. It will be understood that the reflow temperature would be

the DAjdpeniddnaroedihe typeontass marsdtivehnBrérfdinysed eiris woaddiasivic foiyaeching
conducted at temperatures sufficient to reflow and melt the conductive

anothgpdiethgreto.



[0026]In one embodiment, as shown in Fig. 3f, the bottom surface of the
wafer is grinded (backgrinding) to reduce the thickness of wafer. The
backgrinding exposes the bottom of the via contacts. A DA film 370 can
be formed on the top of the die as shown in Fig. 3g. For example, the DA
film is formed on the contact mask. The DA film serves as an adhesive for
[0027pttachingwamethardie dhpwipndd 2ZhThediatero kepaiete Mbadireiiotadividual
be diced to separate the wafer into individual dies. [0028]In Fig. 3h, a
dies. plurality of dies 3001-300" are stacked to form a die stack 302.
lllustratively, the die stack comprises four dies (n = 4). Providing other
[0028nuMbeFof desaarRiRlss dsaivs J00e-ies afthadiedsiaak eandie #1dk802.
same type and same size. Providing a die stack having dies which are
Ilustrglifierenthty prsselckizemprissal soutgassl (nAsanr Pheviieatoinertapnebdher dies are also
stack, it can be a TSV or other types of dies. For example, the top die can
usefulberBflipesipthin dinetaiklatliveesttiHheadie $ypkthedsiask cospPise idiasadie stack
type. [0029]The die at the bottom of the stack (n = 1) is referred to as a
havingnititeridig. dre dnfeernbogies eftsibackgrinsgingecatlthissgoiithddis mohbeem of the
performed on the mother die. This enables the mother die to provide
stack, ineshdnieal Svppothant)paid dis nEetdamaplenpotapyltactebsulipaikip. In one
for support during the stacking porcess. In one embodiment, the mother
embodlidstpdid dfca ovakerseakposipgsa pleirality ofpaother dies. For example,
the mother dies of the wafer are stacked with dies to form a plurality of die
[0029tackBhd@RS6] hd-igtBimtbé tHiesstalckn s- rEfiowefdreelsiolting ndthemndelting ofic
the surface and via contacts of each die and filling of the spaces in the
embodiattachbapleningmgf dhendipsibelbuy the bepndierfbhacddtovhéotoger die. This enables
connections between the dies of the die stack. It will be understood that
the métierdilow feovids ahicrd auaalcs bepdeparidenid ththe:tdpferod taajeriahyusadier
to form the surface and via contacts and would typically be the
substragnfpe sappe tadwinig ththe avlatey ipd el d Imetteamobtatimé¢he ihtandlieer die is part of a
connections. After reflow, backgrinding is performed on the wafer with the
wafer nuotipeisaiga {duexjigsef thethetidies ot thhexviagylastsbiaverhir Hies 3f thdtenfer are
backgrinding, the wafer is diced to separate it into a plurality of individual
stackedievstadks. td lfennatipbigltheodids sielstacked on an individual ungrinded
mother die which is subsequently thinned to expose the bottom of the
[0030}ias.[j0BR [Hthier dmigacknrert$ost ddy mindtiheidithstackiageobitbe sisdiak and via
For example, dies of the
contacts of each die and filling of the spaces in the contact openings of the dies below the top

die. The reflow forms connections between the dies of the die stack. It will be understood that
the reflow temperature would be dependent on the type of material used to form the surface and
via contacts and would typically be the temperature at which the material would melt and form
the inter-die connections. After reflow, backgrinding is performed on the wafer with the mother
dies to expose the bottom of the vias, as shown in Fig. 3j. After backgrinding, the wafer is diced
to separate it into a plurality of individual die stacks. Alternatively, the dies are stacked on an
individual ungrinded mother die which is subsequently thinned to expose the bottom of the vias.
[0031] Other embodiments of forming the die stack are also useful. For example, dies of the

die stack can remain as part of a wafer. A plurality of wafers are stacked onto the wafer with the

8



die stack can remain as part of a wafer. A plurality of wafers are stacked
onto the wafer with the mother dies. This produces a wafer stack
comprising plurality of die stacks. The process continues as described in
Fig. 3i. [0032]In another embodiment, the mother dies can be individual
mother dies which are the same as the other dies of the die stack.
motheAHRINATNRIyr BBk ringimer afdbiecvaigtismithpheamotbedidies dgDertermedess
prior to stacking wafers with dies of the stack to form a wafer stack. That
continiSequiid@ strakingithsimother die has been thinned This can be
advantageous as the reflow step for the die stack can be integrated into a
[0032pubshpaenheelawqocaasteandiiirndctmaies dies: dutdmpaiariearibich are the
substrate can be used as a support during the stacking process and
same 4o \weiekthieeaitelic [(3BEefetingdavely, Bicibedimgetihésmgsemitietie mother
onto a carrier 320 of the chip package 305. In one embodiment, the stack
dies i9p¢rountebpeivio b endiigeconiacts 3hdisposrctackine foandingregiariof That is,
the carrier. The bonding region, for example, is located on the top surface
prior tofstackbasTitie thioehbodidingstptatimace. Mt ddn véaglomibgetisthethdiezflow step
The bonding contacts are coupled to package contacts (not shown)
for thdaiateskkrafobexarpplesdhadokobtvcgutiace b khereassierFér raflowdsnother dies, a
performed to form a permanent connection with the bonding contacts and
tempoviag chrvigh hebstralersiodd thad the reipporiehnpesaticredepaenpo osdhad removed
material of the bonding contacts and would generally be at a temperature
thereaflat is sufficient to melt and form an interconnection with the package
contacts. An underfill material 368 can be provided to fill the space
[0033petwRefettiaglie Biackkatiet dasrierc 00 3dksbilasontoet cdheep B20enif the chip package
invention proposes using solder paste to fill the through silicon vias.
305. Isaldeepladidienemd thefloseitds fammingl soltelsdndinps amdorsas b léifplinedane the
relatively faster and cheaper compared to current TSV process with Cu
bondifig iregyi dxdefitibe adiyrj arn déretivmghi np etglicratfoneitd Bipl}: ain ddoatep mgteeapaturface of
required on the second surface of the wafer as solder is used to create
the canternédioboddrirgerefioms processd Dueids tiguid ofhacidrstichofealtieg icontacts are
the reflow temperature, void or air bubble can be easily removed through
coupladadpdek spmomehchd gneovkopio) lappledatiorfsrexatiple the tmather difae of the
wafer remains un-grinded until after the stacking of the dies or wafers is
carriecompiéted itiperéoisned retaifor petemparacysgppon witrigetoondpppedtitacts and
stacked assembly during stacking and hence special bonding and
vias. Hehidindingdegtoehtierittheareftor heopssauye [BP8HJT v theendion ahalytbebonding
embodied in other specific forms without departing from the
contacts and would generally be at a temperature that is sufficient to melt and form an

interconnection with the package contacts. An underfill material 368 can be provided to fill the
space between the die stack and carrier.

[0034] As described, the present invention proposes using solder paste to fill the through
silicon vias. Solder plating and reflow for forming solder bumps and via hole filling are
relatively faster and cheaper compared to current TSV process with Cu filling. Additionally,
under bump metallization (UBM) and bumping are not required on the second surface of the
wafer as solder is used to create connection during reflow process. Due to liquid characteristic

of solder in the reflow temperature, void or air bubble can be easily removed through via hole
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spirit or essential characteristics thereof The foregoing embodiments,
therefore, are to be considered in all respects illustrative rather than
limiting the invention described herein. [0036]What is claimed is: CLAIMS
1. A method for preparing a die for packaging comprising: providing a die
having first and second major surfaces; forming vias on the first major

channsUrieecel thereiapplicat@imingveh asiclayehandtbefivst feraiensHsfasasiiged until
mask comprises mask openings exposing the vias; filling the mask

after tRPSANGsIIR danduciivRmatesapRd, thertalowing:tofat deaateastialypport
fill the vias and contact openings to form via contacts in the vias and

carrieSt fagp S0 Macts dRethessaatHyopamigskihdefagibest opedainbdnahgraiad
the conductive material comprises solder.
debonding requirements are not necessary.
[0035] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein.

[0036] What is claimed is:
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CLAIMS
1. A method of making an interconnection for a semiconductor device comprising:

(a) providing a first semiconductor device having first and second major surfaces;

(b) forming a via through the first major surface of the first semiconductor device;

(c) forming a mask layer on the first major surface, the mask layer comprising a mask
opening to expose the via;

(d) providing a conductive material;

(e) heating the conductive material to form a through via contact, wherein the through
via contact at least partially fills the via and the through via contact partially fills the mask
opening;

(F) exposing the through via contact from the second major surface;

(g) repeating step (a) to () to provide a second semiconductor device;

(h) stacking the first semiconductor device on the second semiconductor device to form
a stack structure; and

(i) reflowing the conductive material of the through via contact of the first
semiconductor device such that the partially filled mask opening of the second semiconductor
device is completely filled by the reflowed conductive material of the through via contact of the
first semiconductor device to form an interconnection between the first and the second

semiconductor devices.

2. The method of claim 1 wherein the conductive material comprises solder.

3. The method of claim 1 wherein step (d) comprises disposing the conductive material in

the mask opening.
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4, The method of claim 3 wherein disposing the conductive material comprises printing

with solder paste using a stencil.

5. The method of claim 4 comprising removing the stencil after printing.

6. The method of claim 1 wherein the mask layer comprises a die attach film for attaching

another semiconductor device on the first major surface of the first semiconductor device.

7. The method of claim 1 wherein the bottom of the through via contact is coplanar with

the second major surface of the first semiconductor device after step (f).

8. The method of claim 7 wherein the through via contact is in direct contact with sidewalls

of the via such that there is no gap therebetween.

9. The method of claim 1 wherein both the first semiconductor device and the second

semiconductor device are wafers.

10.  The method of claim 9 further comprising separating the stacked structure into a

plurality of individual die stacks.

11. The method of claim 1 further comprising attaching a flip chip to the first major surface

of the first semiconductor device.

12.  The method of claim 1 further comprising attaching the stacked structure to a wafer.
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13. A method of packaging comprising:
providing at least a first first-type die, wherein the first-type die comprises first and
second major surfaces and is formed by
forming a via through the first major surface of the first-type die,
forming a mask layer on the first major surface, the mask layer comprising a
mask opening in communication with the via, and
forming a through via contact having a via portion and an upper portion, wherein
the through via contact is formed by
providing a single conductive material in the mask opening, and
reflowing the single conductive material, wherein the single conductive
material flows down and at least partially fills the via which correspond to the
via portion and the single conductive material partially fills the mask opening
leaving some spaces therein which correspond to the upper portion, and
exposing a bottom of the through via contact such that the bottom of the
via contact is coplanar with the second major surface of the first-type die; and

stacking a second die over the first first-type die to form a die stack.

14.  The method of claim 13 wherein:

the second die is a second first-type die, and wherein the second first-type die is stacked
over the first first-type die such that the mask layer of the first first-type die below contacts the
second major surface of the second first-type die above, and wherein the through via contact of
the second first-type die above is aligned with the partially filled mask opening of the first first-

type die below.

15.  The method of claim 13 comprising:
13



reflowing the single conductive material of the through via contact of the second first-
type die such that the partially filled mask opening of the first first-type die is completely filled
by the reflowed conductive material of the through via contact of the second first-type die to

form an interconnection between the first and the second first-type dies.

16.  The method of claim 13 wherein the second die comprises a flip chip having die contacts

on a bottom surface of the flip chip.

17. The method of claim 16 comprising:

reflowing conductive material of the die contact of the flip chip such that the partially
filled mask opening of the first first-type die is completely filled by the reflowed conductive
material of the die contact of the flip chip to form an interconnection between the flip chip and

the first first-type die.

18. A method of preparing a die for stacking comprising:
providing a die having first and second major surfaces;
forming a via through the first major surface of the die;
forming a mask layer on the first major surface, the mask layer comprising a mask
opening in communication with the via;
forming a through via contact having a via portion and an upper portion, wherein the
through via contact is formed by
providing a single conductive material in the mask opening, and
reflowing the single conductive material, wherein the single conductive material

flows down and at least partially fills the via which correspond to the via portion and the
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single conductive material partially fills the mask opening leaving some spaces therein
which correspond to the upper portion;
exposing a bottom of the through via contact such that the bottom of the via contact is

coplanar with the second major surface of the die.

19.  The method of claim 18 wherein the bottom of the through via contact is exposed by

backgrinding the second major surface of the die.

20.  The method of claim 18 wherein the single conductive material comprises solder.

21. The method of claim 18 wherein the through via contact is a single unitary contact

having no seam or interface exist between the via and upper portions.
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