-1 31 October 2005 FLEXIBLE BALL GRID ARRAY CHIP SCALE PACKAGES AND METHODS OF
FABRICATION 5 TECHNICAL FIELD Field of the Invention: The present invention relates to methods and
apparatus for packaging single and multiple semiconductor dice to provide an array-type pinout. In
particular, the present invention relates to methods and apparatus for packaging semiconductor dice in
the form of chip scale, ball grid array packages. 10 Background Art: Semiconducioiflic8a%)05
conventionally packaged individually in plastic or, less cammonly, ceramic packages. Packaging
supports, protects, and dissipates heat from the semiconductor die and provides a lead system for power
and signal distribution to and from the semiconductor die. The die package also facilitates burn-in and
other testing of each semicontLENIBIEFBALIO GRIARRIS VSIFIMSE MR PACEOOEER Vel packaging.
One type of integrated circuit (IC) or semicNBAUETHO® P RIVBRIEAETIEINO as a "chip scale package”,
"chip size package”, or merely "CSP". These designations arise largely from the physical dimensions of
the package, which are only nominally larger tharl {e-BgidalLditiéAZions (Ilength, width and height) of the

unpa}ckaggd semiconductgr. g0l ﬁ%%tﬁﬁ@'qm%ﬁ%%ﬁmé?ﬁéﬁét%tﬁb&k‘ %@%ﬁﬁi%ﬁﬁé?ased"
configurations. Uncased chip scale packages do not include an encapsulation or other covering of the

sides of the semicoffRiRREsAERe sltEhdb Ik e iR/ dirde N H AR RIS PIR&YEOf, and thus

exhibit a "footprint" (pesipleral cuthra}ihal s sobsipniatynihiecRmel appihalofoapadkpaskaged

semiconductor die. SCe:a%eOdEhci rsr%%eupﬁ%cel&%?ﬁqsp ve S%gf:eagaijlartlgd% 2521&81vg£ed sides and thus exhibit a

peripheral outline that s slflglhty arger at of an unpac §geci1 s&nficonductor die. For example, a

surface area ofta footprintHaekgramavaritideralcaded atrser e packaguiapdieasg tedahdudly.2 times that

of the bare semicopgdugiar dieicQnigingshyyithinthe E&%@g&e.ﬁ&g@@c@dﬁpgﬁg gdnay.typically include
ucto

an interposer substrate bonded to the 30 active surface of the semicon r die. The interposer

substrate may inclutigStPatss ekt iRg STUeMAr Ot dicAakirIg e Aar L RYstFrRAPEBANECHShS to the

semiconductor signal distribution to and from the semiconductor die. The die package also facilitates

burn-in and other testing of each semiconductor die prior to and after its assembly with
15  higher level packaging.
One type of integrated circuit (IC) or semiconductor die package is referred to
as a “chip scale package”, “chip size package”, or merely “CSP”. These designations arise
largely from the physical dimensions of the package, which are only nominally larger
than the actual dimensions (length, width and height) of the unpackaged semiconductor
20 die. Chip scale packages may be fabricated in “uncased” or “cased” configurations.
Uncased chip scale packages do not include an encapsulation or other covering of the
sides of the semiconductor die extending between the active surface and back surface
thereof, and thus exhibit a “footprint” (peripheral outline) that is substantially the same as
that of an unpackaged semiconductor die. Cased chip scale packages have encapsulated or
25  covered sides and thus exhibit a peripheral outline that is slightly larger than that of an
unpackaged semiconductor die. For example, a surface area of a footprint for a
conventional cased chip scale package may be up to about 1.2 times that of the bare
semiconductor die contained within the package.
A chip scale package may typically include an interposer substrate bonded to the
30 active surface of the semiconductor die. The interposer substrate may include traces
extending to contacts for making external electrical connections to the semiconductor
die of the chip scale package. The interposer substrate for a chip scale package may

comprise a flexible material, such as a polymer (i.e., polyimide) tape, or a rigid material,



die of the chip scale package. The interposer substrate for a chip scale package may comprise a flexible
material, such as a polymer (i.e., polyimide) tape, or a rigid material, -2 31 October 2005 such as silicon,
ceramic, glass or FR-4 or other fiberglass laminate. The external contacts for one type of chip scale
package include solder balls or other discrete conductive elements protruding from the package and
arranged in an array. Such a design is termed a "ball grid array" (BGA), or a "fing, gl gyid yay" (FBGA)
for such 5 an array having a very closely spaced, or pitched, array of discrete conductive elements. BGA
and FBGA packaging provides the capability for a high number of inputs and outputs (I/Os) for a chip

scale package, seveiah husideed, U@ﬁxbei@g&asilykaa:bm& hﬁb@@a@@smmdeﬁh@@@rﬁmegrated circuit
packaging surface mountt chnoIOﬁ%é (iu%h as so gLed velrt al O%UHace (? atckages" or "VSMP"

ontacts for.one t SCa eso S Or ot
technology, has also’ provided an increase in semiconductor nsr[y ona smg &'Carrier substrate or

circuit board. This msdltstmmgwm@mpaaﬂmgé‘@nstmuamm@mm ansigpifipantidecrease in
integrated circuit dgps 1;—[9%}4%45%@11 6@@, gp%lagamgwgqa gggyy(tl%@gqu?gg&pnd require

fairly complex and sophisticated carrier substrates. In addition, for some 15 applications, the relatively
large distance of pré‘@r&‘%?dﬂl?)‘flﬂgé‘%M‘F*%S%é?écﬂ‘i‘e%&ﬂ‘é‘feds6’6§¥r8fé“t§?f§5c‘”éﬁ'ﬁib1§/vﬁrﬁ]i?§lﬂﬁ‘égnumber of

carrier substrates WhEA mawbammgnggwmﬁiy éapasinget alﬂ@qqfumb@ berdgmlaaackagmg
substrate, such as a PC j oar at?éar Ao%rformanc ur\}/g(;:'erdcl%t increa mhnlatLé rﬁation of

tpu €. SCVECr S bein eas
components, and ﬁﬁl&rea{e agln ens rftegra ea CIFCults are orgoin goa SO e computer

industry. As new gerectationsmafesitagrated CII’CUIt products are released, the volume and thus cost of

components used in packagiag, &nd 9, ABGRASRARCAHVANGES Y RACKaRg I halogu:Ryen though
the functionality (memory capacity and speed, Y é&lycessor speed, etc) of the packaged end products

increases. ForlBxarfiplécomeHat Packigsady, t eIt TideRAR decrease in packaging
component usage feicre¥Rh ReadesideRe i aBnki comparisRitigithe yeMeus aehersbiaa. exubiting

equivalent funCtlonfqélle}iis in more compact designs and form factors and a significant increase in integrated
circuit density. However, many VSMP designs are somewhat costly to implement and
require fairly complex and sophisticated carrier substrates. In addition, for some

15  applications, the relatively large distance of protrusion of the VSMPs above the carrier
substrate unacceptably limits the number of carrier substrates which may be inserted
transversely in adjacent slots of a higher level packaging substrate, such as a PC
motherboard.

Higher performance, lower cost, increased miniaturization of components, and

20  greater packaging density of integrated circuits are ongoing goals of the computer
industry. As new generations of integrated circuit products are released, the volume and
thus cost of components used in packaging tend to decrease due to advances in
packaging technology, even though the functionality (memory capacity and speed,
processor speed, etc) of the packaged end products increases. For example, on the

25  average, there is approximately a 10 percent decrease in packaging component usage for
every product generation in comparison to the previous generation exhibiting equivalent
functionality.

Chip scale packages are thus of current interest in modern semiconductor

packaging as a method for reducing the package size and cost. Further, the industry has

30 responded to the limited space or “real estate” available for mounting semiconductor dice
on a carrier substrate by vertically stacking two or more semiconductor dice, the 1/0s

to the carrier substrate often being provided between the lowermost semiconductor



Chip scale packages are thus of current interest in modern semiconductor packaging as a method for
reducing the package size and cost. Further, the industry has 30 responded to the limited space or "real
estate" available for mounting semiconductor dice on a carrier substrate by vertically stacking two or more
semiconductor dice, the I/Os to the carrier substrate often being provided between the lowermost
semiconductor -3 31 October 2005 die and carrier substrate within the footprint ofthgstrekodherefore, it
would be advantageous to provide a method and apparatgls that may further reduce chip scale package
size and enhance robustness of the package while at the same time reducing fabrication cost and

enhancing productian: i@dibilityeinsaosnhaioationnite providineathecapabilitnde sackitwoudd Beore
semiconductor dice gf the same or diffe&ent&}/ep s to increase circuit density on a_carrier. subﬁtrate to
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which such a multi-8ie Chiy SCale° Bae ageis a %C(I:ﬁg .aﬁqgétll_lbgﬂ}ﬂg f é‘f\(li‘\lfé Tosrhe present

invention relates to mpascgsbqoagkagwwmbm?mrdy@@bec@gnav_ha'i@mmtls samwémaswlniemods of
fabricating such pagkgges;ineliding,dMaYial SRATRISCAN R, ord 8RB SR SHale, RAGkAGES- The

present invention provides a reduced, substantially chip scale package of robust design and which

provides the 15 capaBiit{ 6f &atkid HoumipeSerrRIGARIRGE dis. of heeprieeRt MVEHEHRITNSd Provides a

capability to converfizesicituciaesias exhibitinga pevipherahaiicential bandipag tp 3eangement into
array-type chip scale gl%cka es. '(I:'Egdchip scale package of the present invention includes a flexible,
u

dielectric interpose?as st gtﬁ%vmg portions attached to both an active surface and a back surface 20

of at least one semiconductor die after folding about one side of the semiconductor die to sandwich the
die therebetween. The interposer substrate pseg Wk RieMratreAtAMeRtion includes a thin foldable or
flexible dielectric material bearing circuit traces having terminal pads for connecting to the die or dice and
for receiving dfdcrete conductive elements thereon for connecting the die or dice to higher level 25

packaging such as a carrighsyRsbigtBvention relates to chip scale packages exhibiting arrays of external
contacts as well as to methods of fabricating such packages including, by way of
example only, ball grid array chip scale packages. The present invention provides a
reduced, substantially chip scale package of robust design and which provides the
15  capability of stacking multiple semiconductor dice. The present invention also provides
a capability to convert semiconductor dice exhibiting a peripheral or central bond pad I/O
arrangement into array-type chip scale packages.

The chip scale package of the present invention includes a flexible, dielectric
interposer substrate having portions attached to both an active surface and a back surface

20  of at least one semiconductor die after folding about one side of the
semiconductor die to sandwich the die therebetween. The interposer substrate used
with the present invention includes a thin foldable or flexible dielectric material bearing
circuit traces having terminal pads for connecting to the die or dice and for receiving
discrete conductive elements thereon for connecting the die or dice to higher level

25  packaging such as a carrier substrate.

In one embodiment of the invention, the interposer substrate is little more than
twice the size (footprint) of a bare semiconductor die to be packaged. The interposer
substrate includes a first portion substantially of die footprint size and having a first set
of contacts arranged for attachment to at least some of the bond pads on an active

30  surface of the semiconductor die and a second portion laterally offset from the first
portion by a spacer portion and bearing a second set of contacts arranged in an array,

the interposer substrate including circuit traces extending between the first and second



In one embodiment of the invention, the interposer substrate is little more than twice the size (footprint) of
a bare semiconductor die to be packaged. The interposer substrate includes a first portion substantially
of die footprint size and having a first set of contacts arranged for attachment to at least some of the
bond pads on an active 30 surface of the semiconductor die and a second portion laterally offset from the
first portion by a spacer portion and bearing a second set of contacts arranged ig;ah.gfsayaotike
interposer substrate including circuit traces extending between the first and second -4 31 October 2005
sets of contacts. A third set of contacts arranged in an array, with traces extending thereto from the first

set of contacts, may«aptiosiallycBe aateddaifacaess andhesidenhrihe fiigt partioskeppogite the first set

of contacts. The firshset o{ conthacgs of the_.first portion of the 'ﬁrﬂt%g)loser glilbstrate are eccpa ically and
. '[&)Iiet(% I'O]gbe 1rst S%} of contaCts, ma OP'[IOIBE‘ Y ocat ﬁl‘l access qQn the side o .
electrically connected to the 5 bond pads, which are p%e erably’bumped with @ conductive material, by

any suitable technithediknpwrion ohpcait ditdirwiithithensetorkhpbriontof teimterpoberfisubstrate is
folded or wrapped gjqypfl & §ideRISK QIR SEMIANAUEALHIe Ad RebRs Ml Afached wjo the back

surface of the semiconductor die. A dielectric underfill may optionally be disposed between the first

portion of the interpbRiKt R st dFoPiRE 2Bl BISTH i BRIOIAR LEs TSI RS raYe Uitibi ete

conductive elementggiiehuasnbywayrefexarpieaheseldrd palisoiayhbenterpoed amifigrsrcond set of
contacts lying over H}% tglack surfa%e of the sgmiﬁondy

t%‘tor or, if th {nt%r.gos r G?tllijtr?te ?nlgl(?ys the third
set of contacts, either the sEcand o?rﬂ'lullrrlg 48161 COhtACES Fﬁ%} &6 rurhpaerl B desi cY49F'56th second
and third sets of cantéettard provided timutipleothiptecdie patkeges acdorfdingatoohtisrathbodiment 15 of

the invention may bg siacied. JaAnRURLSTRRIER! Al s RresEaLNERI0. Y R g frst and

second semiconductor dice are bumped with conductive material and then attached face to face to

respective first @nd b cemir e cBptdeiss i SPRASIYE SIBSHF aufibstspBYtisty Of & mispEer substrate.
An underfill materiaidnRy fa@1 0 RtigNRI o HisARAHPRBYRE R-0hE:- Ot 20s0pth Qfv thentinsiand iseeand

semiconductor dice and the interposer.sybstrate. The second portion of the interposer suhstrate is then
folded about a sice bf SHHSP NHRGP o 1 QLR B SMMEBAAUIAP cIB A BBARLEP L the BAEK scrface of
the semiconductor the sbouit of third set of contacts may be so bumped, as desired. If both second and third
sets of contact are provided, multiple chip scale packages according to this embodiment
15  of the invention may be stacked.
In another embodiment of the present invention, bond pads of first and
second semiconductor dice are bumped with conductive material and then attached face to
face to respective first and second sets of contacts on opposing sides of a first portion of an
interposer substrate. An underfill material may be optionally disposed between one or
20  both of the first and second semiconductor dice and the interposer substrate. The second
portion of the interposer substrate is then folded about a side of either the first or the
second semiconductor die and bonded to the back surface of the semiconductor die about
which it is folded. The second portion of the interposer substrate includes conductively
filled through vias extending from one side of the second portion to the other and
25  connected to the first and second sets of contacts by conductive traces extending
therebetween. To avoid shorting, the second portion may be bonded to the die back
surface using a nonconductive adhesive. Since the vias of the second portion of the
interposer substrate extend completely therethrough and provide electrical contacts at each
end thereof, discrete conductive elements may be applied thereto regardless of which
30  semiconductor die back surface is adhered to the second portion.
In a variant of the second embodiment, the second portion of the interposer

substrate is extended in length and includes two longitudinally spaced second portions.



which it is folded. The second portion of the interposer substrate includes conductively filled through vial
extending from one side of the second portion to the other and 25 connected to the first and second sets
of contacts by conductive traces extending therebetween. To avoid shorting, the second portion may be
bonded to the die back surface using a nonconductive adhesive. Since the vial of the second portion of
the interposer substrate extend completely therethrough and provide electrical contpetsabegsh end
thereof, discrete conductive elements may be applied thergto regardless of which 30 semiconductor die
back surface is adhered to the second portion. In a variant of the second embodiment, the second portion
of the interposer substiate éstexiendadin pagih, amnsinsdeesiwvade rgiblin abyuspacrbseeard portions.
-5 31 October 2005 With the extended second portion, a first, second portign is folded about a side of
cither the firetdie G DA BT o L Sl i 4 Gt e i AL A SRt tereo,
after which a secondiesetorittpehtidnaiscemap pechedparitbthe widppof theuothbre sdmitthedultor die and
bonded to the back gifageiheien I hisdariate sach afihe fist e andsecandhSesast RRIRRS carries

a set of contacts so that a ball grid array may then be provided to either an upper outside surface or a
bottom outside SurfabssFtRe Herhprtigasdatied sPhd aanit o the kel seErisddent of the

invention also provirasuhgreapadbibtityiobsiackiper BuiiRleuwchi: sealedaaskagesic Methadss afdfabricating the

chip scale packages of the prasent inyeation, as el 10,83 assemblics o higher lexel packaging
incorporating the inb&n |\$e’pacﬁages are also conttempfated as %elng encompassed by the invention.

BRIEF DESCRIPTIQM Q¥ mR@WM@)&TmmEgMdtaﬂqammw@fm.pre;ent .inven.tion will be more
fully understood 15 from ihe figfelie digskitinn 4l ne.foypkan akan feenig e drawings

wherein: FIGs. 1(a) - 1(g) illustrate a method of making a e single semiconductor die chip scale
package in actBrdattcisswihlisTicbhighidenm entioRtAe IprestingdbtiBlye i Vi ATekagssare @yds a simplified
perspective view anddutaplald®)s dda) dfe sHipRlibedy 28 crossractional views;

BRIEF DESCRIPTION OF DRAWINGS

The method and apparatus of the present invention will be more fully understood

15  from the detailed description of the invention taken in conjunction with the drawings,
wherein:

FIGs. 1(a) - 1(g) illustrate a method of making a flexible single semiconductor
die chip scale package in accordance with a first embodiment of the present invention, in
which FIG. 1(a) is a simplified perspective view and FIGs. 1(b) - 1(g) are simplified

20  cross-sectional views;

FIGs. 2(a) - 2(b) are simplified cross-sectional views of the first embodiment,
illustrating a flexible single semiconductor die chip scale package stacked with one or
more other flexible single semiconductor die chip scale packages, in accordance with the
present invention;

25 FIGs. 3(a) - 3(e) are simplified cross-sectional views of a second embodiment,
illustrating a method of making a flexible multiple semiconductor die stack chip scale
package, in accordance with the present invention; and

FIGs. 4(a) - 4(b) are simplified cross-sectional views of an alternative to the
second embodiment, illustrating a method for making a flexible multiple semiconductor

30  die stack chip scale package that is stacked with another flexible multiple semiconductor

die stack chip scale package, in accordance with the present invention.



FIGs. 2(a) - 2(b) are simplified cross-sectional views of the first embodiment, illustrating a flexible single
semiconductor die chip scale package stacked with one or more other flexible single semiconductor die
chip scale packages, in accordance with the present invention; 25 FIGs. 3(a) - 3(e) are simplified
cross-sectional views of a second embodiment, illustrating a method of making a flexible multiple
semiconductor die stack chip scale package, in accordance with the present invepgipp,,epshhiGs. 4(a) -
4(b) are simplified cross-sectional views of an alternative 1 the second embodiment, illustrating a
method for making a flexible multiple semiconductor 30 die stack chip scale package that is stacked with

another flexible multiple serBESNNUOE AR MACKES HOROGISRPACKSG &) UIT 300 IS MO the present
invention. -6 31 October ZBOBO%EHST M %E OR MODES FO CABRRYING UT THE.INVENTION

. nts o resent invention will be hereinafter described w .
Embodiments of the preserﬁlmven ion Will b hereinarter described with  re erencedto the accompanying

drawings. It should tsécumderstbodatranthesediistagond shewibbeo béteiked the dutwallviewtos any
specific apparatus Qfmethod .l ki RIESENLRNYERLAN: RULRIEMICIRY X EmRIaby gz

representations employed to more clearly and fully dépict the present invention than might otherwise be

possible. AdditidnalyyeRimntLsincrel GreTRBRinid s tverissHeHPAN TP MYGHeS Rt B4E s ame

numerical designatian rfiessiecianstaprantusaf adirsiignbedinmpebephisipesentiimmnton are 10
shown in FIGs. 1(a)efe1@'s|:l . ela&%?edeB'CtS agl[[f‘l}%%flegé Sxﬁplodeﬁ@eers&ectwe view of a ser‘plconductor

die 110 and a superlmnpl)ostea n erposse? SUpstrate Btprlof 8'being M ﬁ%ﬂﬁhgtfgréﬁéﬁﬁeﬁlga

semiconductor die #¢9gmaipmclude a semiconductor substrate comprising a singulated semiconductor

die or a plurality of unsingulaied gicgdalsa KoK & HsARh BRIHALWAIR )y i SeRiconductor

substrate may comprise, for 15 example and no\th%/ way of limitation, silicon, gallium arsenide, indium
A

phosphide or bthersBeildbhdfistdmatetlalitlold ifcme s mpkisenssdladtrbRsFseedsteate Wlybe
severed from a largemsibbisttater Jchni1dsntos axRMBIR RadMahbBaysahlimitetipn: & sdigon wafer or

another substrate Sgl%?ugl?yseilltit%g}rl]&?.n:ljges lsjelz?nilcc):lé) 3139)} %&léclo 1%-%2-)%&%151@ a semiconductor substrate
comprising a singulated semiconductor die or a plurality of unsingulated dice (also
known in the art as a “partial wafer”). The semiconductor substrate may comprise, for

15  example and not by way of limitation, silicon, gallium arsenide, indium phosphide or
other semiconductor material known in the art. The semiconductor substrate may be
severed from a larger substrate such as, for example and not by way of limitation, a
silicon wafer or another substrate such as silicon-on-insulator (SOI), silicon-on-glass
(S8OG), etc. The semiconductor die 110 includes an active surface 112 and a back surface

20 114, the active surface 112 including a plurality of bond pads 116p bearing electrically
conductive bumps 116b. The bond pads 116p may be centrally located as shown in FIG.
1(a) in one or more rows, or may be peripherally located along one or
more edges of active surface 112, as known in the art. In addition, other bond pad
arrangements may be easily accommodated.

25 Bumps 116b preferably comprise, but are not limited to, conductive pillars,
columns, or balls. The material of conductive bumps 116b may include, but is not
limited to, any known suitable metals or alloys thereof, such as lead, tin, copper, silver
or gold. Conductive or conductor-filled polymers may also be employed, although gold
and PbSn solder bumps are currently preferred. The bumps 116b may be of uniform

30  characteristics throughout or include, for example, a core of a first material (including a
nonconductive material) having one or more conductive layers of other materials

thereon. The bumps116b, depending upon the material or materials employed therefor,



(SOG), etc. The semiconductor die 110 includes an active surface 112 and a back surface 20 114, the
active surface 112 including a plurality of bond pads | I16p bearing electrically conductive bumps 116b.
The bond pads | 16p may be centrally located as shown in FIG. 1(a) in one or more rows, or may be
peripherally located along one or more edges of active surface 112, as known in the art. In addition, other
bond pad arrangements may be easily accommodated. 25 Bumps 116b preferab|y$:QsBpriss)sout are not
limited to, conductive pillars, columns, or balls. The materjal of conductive bumps 116b may include, but
is not limited to, any known suitable metals or alloys thereof, such as lead, tin, copper, silver or gold.

Conductive or conduatoscfifteshqaDlymess svayordsiohe@mplayedpaltbaygigolslaaind fatolsalder bumps

are currently preferrqd. ThF bugm(P .116b may be of uniform 30 characteristics throtzl%hou}t1 or include, for
mtg aSFI' P mg Oé.an other roceasa KNOwn %O on (h or 1na8/s 11l 1n the art, .
example, a core of RHirSEmatenal (INCIIding & HoRConauttive matefia aving one or more conductive

layers of other materials tHereoerpPhee W@ﬁ@@@dmﬂﬂ@b@ﬂdﬁémnm obboatemals employed
therefor, -7 31 Octolgy; 200q MAY PRI HMSRGRP AARRrAUOR RIQERSS: BE4RIQLERS: electroplating,

electroless plating, laser bondln?, or any other process as known to one of ordinary skill in the art. The

interposer substrateU395iag BeladinsabetdralcemiectaerspairbisoiRiyse rthmidid strddeiPalhaving a first

surface 132 and a sp@ondssutinse fbafede secandieuvifasaitsShinsiuting eleghiicat gamiacts thereon in
the form of ball pads f.d35 The ball q)ads 1315 rtna)f be form%d of any %Ji%aglg conductiye material such as
Cing S (v e Wlﬂ']? g

. older, the materi r.compatibility screte conductive .
gold or tin/lead solder, the'ia erlé‘fll beirng selected for compati my of disCrete conductive

elements to be subskmeaiiitp h@rﬂqbsbqhelnéwlﬁorﬁwe them'posﬁhfsgmmrata 1®®twmtﬂﬁb@mr.iﬁestaportior_1 136
and a second, laterglly pifsehAQFANy %%@&H@,Cﬁ%xfjﬂ%ff@ g&'&&mﬁ@pjﬁeﬁﬁr%&aﬁ&{ Patian 340 defined

between fold lines 142. Both first portion 136 and second portion 138 may have ball pads 135. The
interposer subKlratdy STReRERCHEFokifeds fitsith befyerRA SN 1ias It At pfatpieitertiid! ¥ preresemily formed of,

by way of example, R dasninsdeshpabipssmatariadisand, more specifically, a polyimide or other thermoset
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and is preferably formed of, by way of example, a laminated polymer material and, more
specifically, a polyimide or other thermoset polymer film. In a preferred embodiment,

15  the interposer substrate 130 may be ultra-thin with any suitable thickness, but preferably
in the range between about 70 um and about 90 um.

FIG. 1(a) also illustrates a cut-out from the interposer substrate 130 depicting

the internal electrical interconnection or trace routings therein over one of the dielectric
films thereof, the other being partially removed for clarity. In particular, the ball

20  pads 135 on the second surface 134 of the interposer substrate 130 interconnect through
conductive traces 144 to corresponding bond posts 143 exposed on the first surface 132
of first portion 136. Each bond post 143 is electrically connected and rerouted by way
of a corresponding trace 144 to two corresponding ball pads 135 on the second
surface 134 of the interposer substrate 130, one on first portion 136 and one on second

25  portion 138. Traces 144 may be formed by masking and etching a conductive film, such
as copper, on one of the dielectric films, by printing using conductive ink, or otherwise as
known in the art. Bond posts 143 are formed of a conductive material compatible for
bonding with bumps 116. Although actually sandwiched between the two dielectric films
of interposer substrate 130, traces 144 are shown partially revealed from the side in FIGS.

30  1(b) and 1(c) and partially in broken lines to better illustrate their extensions from bond

posts 143 to ball pads 135.



in the range between about 70 um and about 90 um. FIG. 1(a) also illustrates a cut-out from the
interposer substrate 130 depicting the internal electrical interconnection or trace routings therein over
one of the dielectric films thereof, the other being partially removed for clarity. In particular, the ball 20
pads 135 on the second surface 134 of the interposer substrate 130 interconnect through conductive
traces 144 to corresponding bond posts 143 exposed on the first surface 132 offjrgj.paydionds6. Each
bond post 143 is electrically connected and rerouted by wgy of a corresponding trace 144 to two
corresponding ball pads 135 on the second surface 134 of the interposer substrate 130, one on first

portion 136 and one on sgaond(x3spaiianifidBerbiacesiddd may sraiosmeddaunaskisg Bnd etching a
conductive film, such as COPPEr,on one. ofﬁg dfiel?ctric film béx plr'ratir}g usitglgﬂ%?qgéjctive ink, or

! mounte the first portion of mfterposer substrate ar .
otherwise as known i the art. %ondppos S are formed ot a conductivé haterial compatible for

bonding with bump$urmgs M&bmmghm@m_lwﬁam%ﬁ%Iwédlbétwbl@rﬁthé_(twbdjieléctbimﬂlmsmdf%mrposer
substrate 130, traceg.ldd; afgRRoWh cﬁ%téaﬁ%trﬁyﬁél? QU ﬁqt)%'ﬂ%éé} ElRRa39 HPhrndd{fsand

partially in broken lines to better illustrate their extensions from bond posts 143 to ball pads 135. -8 31
October 2005 FIG. By idassilipRABIPR OSsIsBEt Jiaf Vi Bt aeitfcoidgetb?ditth40 mounted to the

first portion 136 of igdgipes@IcE B al0 I3Mal hpAEIEHIGFoieh BB WSHLBR@AMIEe active surface 112 of the
die 110 are bonded t Sttkr\%ebf%d. osts 143 on  the first suif ce 132 tcr)f thﬁ}fll’ t POI"[IOF] }ggolthtg\e interposer

substrate 130. The ifi erposer suﬂ}%%?rcelfteélsa lfﬁse begﬁ?dfﬁeié‘ A" ifec ‘fy fac r?étlt?'une active surface 112

of the semiconductcppdimablmlgcbcbhajmm setﬁgaulp@wd@nplis&dfobhmdmmgKpfobari'sub}smateieﬂais unattached
and extends freely laierally, fro {16:ESE RO 3R 2 16 AASLLARUMR PRAAIAS IS Rrafsaaly

accomplished by means of, but is not limited to, an anisotropic conductive film (ACF), an anisotropic
conductive padte (ACPprestiarha) Pondsia precsionr erbgrBoseiif brocesdiet BreResmosonic (TS) bonding
process. A dielectric filler materadt4fiiconamenyAeenashsny wdekdiin mateHal mayka, fispesed in the

gap 148 beween agive syrage 112,30 st suface 432 o LRPEISN 438, 51 gy be pariutarly

portion 136. Such may be particularly desirable if TC or TS bonding is employed,
whereas ACF or ACP may be applied across the entire interface between active

15  surface 112 and first surface 132. The methods employed to apply the filler material 146
to the gap 148 may include, but are not limited to, gravity dispensing, pressure injecting,
combinations of pressure and vacuum to draw the material 146 into gap 148 and other
suitable techniques known in the art. For example, filling the gap 148 may be
accomplished by applying the filler material 146 from a dispenser, proximate either one

20  side or two adjacent sides of the die 110. The filler material 146 may be self-curing
through a chemical reaction, or a cure accelerated by heat, ultraviolet light or other
radiation, or other suitable means in order to form a solid mass bonded to active surface
112 and first surface 132 of first portion 136 of interposer substrate 130.

FIG. 1(c) is a simplified cross-sectional view of the semiconductor die 110

25  mounted by active surface 112 to the interposer substrate 130 and having an adhesive
material 152 on the back surface 114. The adhesive material 152 may be applied to back
surface 114 of the semiconductor die 110 subsequent to attaching the interposer
substrate 130 to the die’s active surface 112 or may be applied to overlie the back
surface 114 at the wafer level or after dicing the wafer into individual or multiple

30 semiconductor die/dice and before attachment to interposer substrate 130. The adhesive

material 152 applied may be a double-sided adhesive tape, the outer layer of adhesive



whereas ACF or ACP may be applied across the entire interface between active 15 surface 112 and first
surface 132. The methods employed to apply the filler material 146 to the gap 148 may include, but are
not limited to, gravity dispensing, pressure injecting, combinations of pressure and vacuum to draw the
material 146 into gap 148 and other suitable techniques known in the art. For example, filling the gap 148
may be accomplished by applying the filler material 146 from a dispenser, proxiga¢g gishesRre 20 side
or two adjacent sides of the die 110. The filler material 146 may be self-curing through a chemical
reaction, or a cure accelerated by heat, ultraviolet light or other radiation, or other suitable means in order
to form a solid massabegdedjarasivesuiface 111dangd Jysdrstkiase padeofificshporiian ddRehdaterposer
substrate 130. FIG..lgc 5 adsimplified cross-sectional view of the semiconductor die 110 25 mounted by
active surface 112 t6 th u]irnete'rposer substrate 130 and having an adhesive material 152 on the back
surface 114. The adhesiv&itiatédiab 25inpiajeberappimtdoaback stilfacectfdsofsiistsaeniddnductor die

110 subsequent to gHAGRINE, NGHMERASE  FHREY ME,dPMLDIPE iR ALY Grihliash bhdignay be

applied to overlie the back surface 114 at the wafer level or after dicing the wafer into individual or

multiple 30 semicortiftittdr diérdites disd b rarblisstRoricaitfoohts iserstisshsiiae 3¢ afe adhesive
material 152 appliechaabend deullesidag.adhessentaprethpmiderdayesekadhasiva 49hOctober

2005 facing away from.back surface 114 bejng,covered with a protective layer u til%d rence, is
e, Ho o e e 0 e R S B O S B IR, bt
the active surface 14ifd amabtied vackdsusfdeeutfidedSthef shasiwondudioorslidid10X@s Afvemtbetbée 110 and

frst portion 136 of the /RAST WA AP ASOMRIMLES Argkneadhenipmateralded ps been

applied to the back surface 114 of the semiconductor die 110, the flexible interposer substrate 130 is

folded along fdfdl linBayiadhsef ehapircdraskiuthe kreidedingddé abiotamic srtirtditititldndiehe10 (as
shown by the arrowdnekile nkfe)as0sthatthaexiendpdraecand sariapciasobdniernoseyisubstate 130 10

may be adhesiyely Sa,'ga E?d to the back su fa 1191 f the semico dug:torr %ie %%%X'a}ﬁggec%ggesive
material 152 with e Spaal SRS ool e Beite PO TRGT0RS

portion 138 of the interposer substrate 130 are respectively attached to the active

surface 112 and the back surface 114 of the semiconductor die 110 to provide a wrapped

15 die 160. In this manner, the interposer substrate 130 sandwiches the semiconductor
die 110 to substantially overlie the active surface 112, back surface 114 and side surface
154. Wrapped die 160 includes a first and a second outside surface 162 and 164,
respectively, each outside surface 162 and 164 comprising second surface 134 of
interposer substrate 130 and exhibiting an array of ball pads 135 thereon.

20 As shown in FIGs. 1(e) and 1(f), discrete conductive elements 172 may be
applied to or formed on either the first outside surface 162 (FIG. 1(e)) and/or the second
outside surface 164 (FIG. 1(f)) of the wrapped die 160 to complete chip scale
package 170. The discrete conductive elements 172 are arranged in a two-dimensional
array, commonly known as a ball grid array or BGA, corresponding to the array pattern

25  of ball pads 135 to which discrete conductive elements 172 are bonded so as to provide
external electrical connections (I/Os) for the wrapped die 160. The array may comprise
rows and columns of conductive elements 172, one or more concentric circles or
rectangles of bumps, and may be highly populated as illustrated herein or comprise an
open array with fewer elements and large pitch (spacing) between the discrete conductive

30 elements 172. The conductive elements 172 may comprise balls, bumps, pillars, columns
or other suitable structures. The conductive elements may include, but are not limited to,

any known conductive metal or alloys thereof, such as lead, tin, copper, silver, or gold as



side 154 of semiconductor die 110. In this manner, the first portion 136 and the second portion 138 of the
interposer substrate 130 are respectively attached to the active surface 112 and the back surface 114 of
the semiconductor die 110 to provide a wrapped 15 die 160. In this manner, the interposer substrate 130
sandwiches the semiconductor die 110 to substantially overlie the active surface 112, back surface 114
and side surface 154. Wrapped die 160 includes a first and a second outside suffagg;Jif2 ad 164,
respectively, each outside surface 162 and 164 comprisingysecond surface 134 of interposer substrate
130 and exhibiting an array of ball pads 135 thereon. 20 As shown in FIGs. 1(e) and 1(f), discrete

conductive elementgelirz bvavded vapplietitotor-fora edipneitherdhedisiavtsidacsuriaeant? (FIG. 1(e))
and/or the second ouisi(%easurfacfe 6S4 FIGﬁaJ[@C?J dthe Wr%ggd die 160 to cgm lete chilp scale package
W

. mc corei of a Tirst 1n (0)1l uctive materials having one or more,
170. The discrete conductive elements are‘arranged in a two-dimensional array, commonly known

asa bal! grid array opBGAyctryespberdimg to the array pattern 25 of _baII pads 135 to which discrete
conductive elements 172 A& RAIRFL88. 4% 4p MEUIAR el lertisal comperons il fonthe

wrapped die 160. The array may comprise rows and columns of conductive elements 172, one or more

concentric circlés ortASBEdBREEOIBY PR PamPTREY Btk pUptaitety dsan iy fateticHEYEin or comprise

an open array withfemwe(rIBNestsang Rrgespisi{spasing) hetveenr theckisaigteuepngustive 30

elements 172. The conductive elet ents 172 nay ¢ maarei:se b II?, buE‘nIEls, {)il{g S, colhl.mns or other
suitable structures. THEPCSARIAINVE IEHRERE rlﬁcayrinlgru el BUt'are hot fifilted ol,)r%‘ﬁyl%own conductive
metal or alloys theresksnchlasdedct tirn] coppatjsitvericongelpals (A0 Sdo@ctobdrc20d5 well as

conductive or condygior:filled polymers:, ThR. eRdysHvE SIamenis ddunaxeinglide,ausare of a first

material (including nonconductive materials having one or more conductive layers thereon). As shown in

FIG. 1(g), the thip sbalkdopartkdgecr7ortit eBnididctilVes shimusals prebags Afdernedhticbe ke rdas then be

mounted to a carriefesHRMIpiesBich@scadaronkae rirguis2hgard: (RaBpy1d 82rervany @thes sidbsirate or other
higher level packagin9 fgjch as an. interposer. or gnother semifond%gﬁor die, the conductive elements

172 providing mechAHRAP R B 25 Al HE'Y (& R ICA S GIROIHBE) (BN Bther

electronic assembly as known in the art.
Once the chip scale package 170 is mounted to the PCB 182 via the conductive

15 elements 172, a dielectric filler material 184 may then be optionally provided
therebetween as known in the art for enhanced securement of chip scale package 170
and to preclude shorting between conductive elements 172.

In addition, a nonconductive layer or film 186 may optionally be applied to
overlie the outside surface 162 or 164 of the wrapped die 160 having no conductive

20  elements 172 thereon. The insulating layer or film 186 prevents electrical shorting
between exposed, laterally adjacent ball pads 135 which, for clarity, are not shown in
FIG. 1(g) as they are covered by film 186. This insulating layer or film 186 may be
applied subsequent to, or preferably prior to, mounting the wrapped die 160 to the
PCB 182.

25 It will be appreciated by those of ordinary skill in the art that the above-described
first embodiment of the chip scale package of the present invention provides an extremely
thin package offering the flexibility of bumping either the active surface or back surface of
a semiconductor die. Thus, a so-called “mirror” die (i.e., a die having a mirror image I/O
array to another, similar die) may be easily formed without retooling. It is further

30  appreciated that the minimized height of the chip scale package of the present invention is
accomplished by easily manipulating a preformed, ultra thin, flexible interposer substrate

to provide the wrapped die rather than through complex and expensive alterations in the



substrate. The conductive elements 172 provide a standoff between the wrapped 10 die 160 and, for
example, PCB 182. The chip scale package 170 may thus be bonded to terminal pads or trace ends of
the PCB 182 hy, for example, reflowing (in the case of solder) or curing (in the case of conductive or
conductor-filled polymers) to form an electronic assembly as known in the art. Once the chip scale
package 170 is mounted to the PCB 182 via the conductive 15 elements 172, aflielegikis Hligs material
184 may then be optionally provided therebetween as kngwn in the art for enhanced securement of chip
scale package 170 and to preclude shorting between conductive elements 172. In addition, a

nonconductive layediorribit & mayeoptivoatysba appliechtmagrrlietne putsidesubiacenlpae 164 of the
wrapped die 160 having no cgnductive 2(9 ents.172 thetrgg%ﬂ'l'g%rg%ulatin Laeyer org‘ilm 186

ele
. ac e with a minimized héight or t ness o . resen .
prevents electrical K6 |%gvl')e ween exposeo‘%’ a eraWy acijacent all pads 135 which, for Clarity, are not

shown in FIG. 1(g)iascthion arey coveretday filmvaB@othisidsuiagnig thyeenicfiinut®6 divaiubeg applied
subsequent to, or prefgiahly, A9 MRURIRG NG YaRPEE A8 1O BIN&uRGE1821y Ll og

appreciated by those of ordinary skKill in the art that the above-described first embodiment of the chip

scale package of th@ReseRCHENRIH M S0 BNRS RIS RRINAHIH PaBRAGEPSHRYHY Biatesility of

bumping either the agtiverlidaeaieacknsudacenell eoresmicondugiontliescbbusibaise-calleghpairror” die
(i.e., a die having a m|rr%rc})|ngﬁ e 1/Q array to arzﬁgh r S]%iimlartdti?e)c[nay be easily formed without retooling.

It is further 30 appré‘f:(?g?e A e iRz G ar?elgﬁ‘f ot t %C%ﬁlp Scafe package of the present invention is

accomplished by easily mﬁKﬁsummaaﬁbeﬁbnwednpltfadhmﬁ§+e§dbim§ihtel¢w@9én3ﬂnﬁ1§tré1&P’m0[ﬁroviQe the
wrapped die rather fhag Iirqygh. cOMRIEX AN4 &XREDSNG. afier @&9&%&&?&6&1@&1&%@%3@9@ die

fabrication process. The present invention may be used to provide arobust chip scalé package with a

minimized heidft ortRRieRBSE Gredamrne A20B3mBE ArHiE fresertiPaidiisim sy Sibebdheidiiy prevent

potential damage to,fRecsamMicaniducioldiesdunnd chandlingppeserniph wittha calriegsubstiaie and testing

of the resulting ass ly, such as a 5 memory module. Dyring operation, the present invention may
substantially protec H%lple (l:"lnp scale packages [¥0 mayube sta(l:'LeQQn similar manneP to s1gmfllcant y

multiply the integrated circuit density, the bottom chip scale package 170 being mounted
to a PCB or any other carrier substrate or higher level packaging. FIGs. 2(a) and 2(b)

15  depict stacking the chip scale packages 170 in different orientations corresponding to
the different orientations shown and described in association with FIGs. 1(e) and 1(f),
respectively. It will be appreciated that different types of dice may be stacked, for
example a logic die on a memory die, or an SRAM die on a DRAM die. Alternatively, a
plurality of memory dice may be stacked to effectively provide a virtual, single stack

20  memory “module” of enhanced memory capacity or memory and logic dice may be
stacked on a microprocessor die to provide a chip scale computer. Further, another
BGA die of different design may be stacked on a chip scale package of the present
invention and bonded to exposed ball pads thereon.

The decision of proceeding to bump the first or second outside surface 162, 164

25  of the wrapped die 160 may be made just prior to adding the conductive elements 172 to
complete the chip scale package 170, providing additional flexibility in the planning and
production of the chip scale package 170 of the present invention. Furthermore, should
the orientation of the wrapped die 160 need to be reversed or flipped, this may easily be
achieved by removing the conductive balls 172 from ball pads 135 on one surface of the

30  wrapped die 160 and adding the conductive balls 172 to the ball pads 135 on the
opposite surface of the wrapped die 160.



semiconductor die from environmental concerns since the interposer substrate is wrapped around both
the active surface and back surface of the die. FIGs. 2(a) and 2(b) show simplified cross-sectional views
of multiple CSP's of the present invention as a stacked assembly. The stacking is accomplished by
mounting 10 the conductive elements 172 of one BGA die to corresponding ball pads 135 on the first or
second outside surface 162 and 164 of a wrapped die 160 of chip scale packages i & Mubipje chip scale
packages 170 may be stacked in a similar manner to signjficantly multiply the integrated circuit density,
the bottom chip scale package 170 being mounted to a PCB or any other carrier substrate or higher level
packaging. FIGs. 2(a) anda2gi)ilfl depigipstackiopathe ahipabalenpackagricéoninmiferantsorientations

corresponding to thﬁo%ﬁ%%b%?(ﬁﬁ%@er}fs own ar&ded%sgribed i% ssociatjon with FIGs. ]12?) and 1(f),
atdi

. .S . €, secon 1ment of the present nvention 1s 311111 . .
respectively. It will be appreciate erent types of dice may be stacked, for example a logic die on

a memory die, or ancSRAMdimnlinDRANIdiw. aditetndtivetgoad piuireditpaft mehnbng diceldiraynibe stacked
to effectively providg g vistualSingle stack 20 memory "module” of enhanced memory capacity or
memory and logic dice may be stacked on a microprocessor die to provide a chip scale computer.
Further, anothet BGA die‘{ffWéﬂf%%@ﬂ%ﬁ@%ﬁé%ﬁﬂo‘ﬂeﬁvéﬁi%@cé@p‘éél@ﬁij@%f the present
invention and bondeghkedexprsaci@l pads thereessddiecdaosion of yoraedingamkersrithe first or

second outside surface 162, 1 5 of the wrapped die 160 may_be made just prioy to adding the
conductive elementy /D U8 R EThA EHITEALLte 55 SRARE 138 IO G WRTONAI BT the
planning and produsticndfithe thripdecaledpackalpenps Guoh e foresentpiay evitlenh Fyrtegnbreubhould the

orientation of the wianped e 30 NPGHI0,REFEY RS IR PEAIOPRS), SRIHMAY RASNALS Ashigyest by

removing the conductive balls 172 from ball pads 135 on one surface of the 30 wrapped die 160 and
adding the corfuctite iBale firpvemhedinrl- pagRond nash therdppobaécsuhER28f the wrapped die 160. -12

31 October 2005 A inethesanduepRacatus af@sesand emborivnentaftieresantimenta is shown in
FIGs. 3(a) - 3(e). ThE secon embodéi%?nt of the %resent inyention is similar to the first embodiment in

major aspects, the 38EAH EMBEANFEH & AHY AR dHE8hal

FIG. 3(b) is a simplified cross-sectional view of the first and second dice 110a
and 110b attached to an interposer substrate 230. The first and second dice 110 may be
15  attached to first portion 236 of interposer substrate 230 employing the same processes
as discussed with respect to the first embodiment, either simultaneously or sequentially.
As shown in FIG. 3(a), the interposer substrate 230 is structured in a similar manner to
that of interposer substrate 130, being a laminate of two dielectric films having conductive
traces 144 extending therebetween. However, conductive traces 144 of interposer
20  substrate 230 extend from metallization pads 242 to an array of conductive through vias
235 extending from a first surface 232 of interposer substrate 230 to a second, opposing
surface 234.
As shown in FIG. 3(c) and 3(d), the arrangement of the second embodiment
provides for the second portion 238 of the interposer substrate 230, being freely extended
25  laterally from first portion 238 and separated therefrom by spacer portion 240 as shown in
Fig. 3(b), to fold or wrap around either a side 154 of the first die 110a (FIG. 3(c)) or a side
154 of the second die 110b (FIG. 3(d)). Prior to folding the interposer substrate 230, a
non-conductive adhesive material 252, such as Hitachi DF-400, Hitachi HM-122 and
Lintec LE-5000X, may be applied to the back surface 114 of the first or second die 110a
30 and 110b to which second portion 238 is to be adhered. The non-conductive adhesive
material 252 may be applied at any time prior to folding the interposer substrate 230 to be

attached thereon, which may include applying the adhesive on the back surfaces 114 at the



semiconductor die. 5 As shown in the simplified cross-sectional view in FIG. 3(a), the second
embodiment includes a first and second dice 110a and 110b. The first and second dice 110a and 110b
each include an active surface 112 and a back surface 114 respectively and each may include
conductive bumps such as (for example) solder bumps or gold stub bumps 116b formed on or attached
to bond pads 116p on the active surfaces 112 thereof. 10 As in the first embodinegpt, thebeps pads I 16p
may be formed in an arrangement such as one or more rqws centrally located on the active surfaces 112
or, alternatively arranged along a periphery thereof. FIG. 3(b) is a simplified cross-sectional view of the
first and second dic@atdQavarnd shbOhyathaeheditg ar wiesposkisstHesisatad@idhestirst @ed second dice

110 may be 15 attached to firsl partion 230 .?c‘il'c{“eéﬁggsﬁd%‘é’s AL, 20,1 48¥$”§tt2?t39%%14°r°°es.365
as discussed with respléDctg?ost 2 first embodiment, etner simu aneou%ly or sequentally.” As Shown in
FIG. 3(a), the interpostrslibsiratec 286 Hestillotardlat ipaeksimitar idanmichaoethiad dikiht@posErsubstrate
130, being a Iaminasq%&femqugm@pjgms having conductive traces 144 extending therebetween.

However, conductive traces 144 of interposer 20 substrate 230 extend from metallization pads 242 to an

array of conductive throughnAsRAFlisgels RISV & ARt ifacmayzhedr ba imlssee sipgtfatd 230 to a

second, opposing  SHIKRGEI234s AL 0B ot Gx pdeH dneidédurthe: apaneremer)): thesecond
embodiment provid(?féo {)tcﬁea é cond portion 238 o ljtpe ir}terrgoser supstrate 230, bein fﬁgly extended

25 laterally from first porti WG é)ﬁgrr%%g?frﬂ%%re réM ry sf‘prglélélr' plte)r Pcly%s‘f?l &8 SHowrn i Fig. 3(b), to

fold or wrap aroundSpithéicallsideeibstefethenfirstidtec Eb@attHIG. Béc)y)pdicd teidefotbé dditrerssednd die 110b

(FIG. 3(a). Prior o [aleing theniniipases suBSIFtR Edla: MALERNINStike adhesie maledpl @52, such
as Hitachi DF-400, Hitachi HM-122 and Lintec LE-5000X, may be applied to the back surface 114 of the

first or second!fie 110590 WRPIIOB hal\imirsEchRdI b IsB 1S destiibadineted. Tivecprttiedisductive
adhesive material 2kBaay1be Apphedrinyitipe e fehdingithaiiarposal-suRsHAle 43519 be

attached thereon, whichmay includ applying the adhepiye on the back gyrfaces 114t ihe 113 51
compatible with the conductive material of discrete conductive elements 172 or the
exposed surfaces of the through vias 235 may be plated for better bonding with the

15  conductive elements 172, as well known in the art. Furthermore, as shown in FIG. 3(e), a
dielectric or insulating layer or film 186 may optionally be applied to the exposed back
surface 114 of the first or second die 110a or 110b, depending upon which die is not
covered with second portion 238 of interposer substrate 230. This insulating layer 186
may also be optionally provided at the wafer level or after the wafer is diced into

20  individual semiconductor die. The insulating layer 186 may be provided to overlie the
chip scale package 270 as a covering for physical protection of the die and to reduce the
potential for shorting of the assembly in use. If the covered die is of a type wherein the
back surface is voltage biased, the use of insulating layer 186 is particularly desirable.

As depicted in FIG. 3(e), the chip scale package 270 may be attached to terminal

25  pads or other conductive structures of a carrier substrate such as PCB 182 or any other
higher level packaging by the array of discrete conductive elements 172. The manner of
attachment is dependent upon the type of discrete conductive elements 172 employed, as
described above. Also, in a similar manner to that described in the previous
embodiment, the discrete conductive elements 172 provide a standoff between the

30  stacked die assembly 260 and the PCB 182, into which a dielectric filler material may be

introduced as well known in the art.



wafer level or subsequent to dicing the wafer. Thus, the second portion 238 of the interposer substrate
230 may fold around and be adhesively attached to either the back surface 114 of the first die 110a or
the back surface 114 of the second die 110b, to form a stacked die assembly 260. 5 An array of discrete
conductive elements 172 may then be applied to the side of stacked die assembly 260 on the exposed
outside surface 262a FIG. 3(c)) or 262b (FIG. 3(d) of the interposer substrate 230);tg, fpjip,adpsliti-die chip
scale package 270. Specifically, the discrete conductive_glements 172 are applied to or formed on
exposed surfaces of through vial 235 of the interposer substrate 230, the exposed surfaces on the 10 via
ends comprising ball padsrassintthefissteanmiadinsrbaestibbeshahaand bacantdusitkagetaments 172
may be of any suitable C(%nfi\geurt'ation and material orm erials, as ret}\{i uslx desctribedéabove. The
conductive filling of%eéetlﬁr%]ug% Vial 235" H?%Sye%%ns?élleecat%d%o ‘élmésom%a?l & Wit the"¢Shauctive material of
discrete conductivereterdentse t7pabilithieo éotprsathswifacdsnoftirkethnoul ghleitie 236praelpegbted for
better bonding With JPgel FONANCHNERIGRER'S & Fim 35 MMM Bt WIRGLIIRLGH S Shown In

FIG. 3(e), a dielectric or insulating layer or film 186 may optionally be applied to the exposed back
surface 114 of the fIKSCRH BREKHEP oL HSATEFI B RIS chAg g sE At crr e IAGY Cbivere with
second portion 238 mfireiRese drubmisale1 280 mbisdasiiatingd aye pAdeomay.alsadeneptiaprlly, provided
at the wafer level or after.the H\C/latfer iff?lic%dl.itnto %9 iqgividual s%mi{:ondu&:to_rl.dieb 'Il'he .insu%aﬂtling layer 186
may be provided tofovertiedhe lclﬁllba scate bla%ll(%gg B Bnérégapé%vuecnlr(fa 16 blwg‘leca? f)rrlcc)]tne%ﬂon f the die
and to reduce the pbipnrtit fockingrtingopiererasserntivp.iMusattftbhéicovertadidienis the duylpe wherein the
back surface is voltaag BiRsedysiee e UBINANAYRICHAR isiRarifuar identable. As depicted in FIG.

3(e), the chip scale package 270 may be attached to terminal 25 pads or other conductive structures of a
carrier substrat® such as BOBE83@F-HBY atteimigher rRegenparkadimgys e ditsd of ugerete

conductive elementgidnf@icd REnparsifs id atastmentdsndapendeny RN dhehneaaheiskretaisonductive
elements 172 employed, as described above. Also,.in a similar manner to that described jn.the previous
b SoB e HRHE1 ik R

embodiment, the di$¥ra1E ESHBLRH S S &HHN %dBPS{}f&écﬁpét PEHRREA theBHstadked die
assembly 260 and thecRECB ih3hdmtemnlichpa eeddotripdilenrdzbefial spagebporintrogifeeadswyell known in
the art.

second portions 338a and 338b separated by a second spacer portion 340b. With this
15  configuration, the second portions 338a and 338b may be wrapped about the back surfaces
114 of both the first die 110a and the second die 110b by folding the two second portions
338a and 338b about the side 154 of one of the dice 110, covering that
side 154 with the first spacer portion 340a, securing second portion 338a on the back
surface 114 of the one of the dice 110, then covering the two adjacent sides 154 of the
20  dice 110 on the other side of the assembly with second spacer portion 340b and securing
second portion 338b to the back surface 114 of the other die 110 to form a stacked die
assembly 360. Both second portions 338a and 338b may include an array of ball
pads 135 to which traces 144 (not shown) extend from contact points with the bond
pads of the dice 110. This variant of the second embodiment thus provides both an
25  upper outside surface 362 and a lower outside surface 364, on which discrete
conductive elements 172 may be placed in an array corresponding to the pattern of ball
pads 135. As in the second embodiment, the stacked die assembly 360 with discrete
conductive elements 172 forming a chip scale package 370 may then be attached to
terminal pads or other contacts of a carrier substrate such as a printed circuit board 182
30  or any other higher level packaging. However, in this variant of the second
embodiment, the chip scale package 370 may be stacked with one or more other chip

scale packages 370 bearing discrete conductive elements 172 since the interposer



-14 31 October 2005 Thus, it is apparent that the second embodiment of the chip scale package of the
present invention encompasses a novel and unobvious method and apparatus and provides the
capability to fabricate an ultra thin, stacked multiple die, chip scale package of no more than
approximately 1.0 mm in height. Further, the option of attaching the 5 second portion 238 of the
interposer substrate 230 to the back surface 114 of either the first or second die;1 19386143 may be
determined just prior to actual attachment thereof, providig additional flexibility in the planning,
production and in-line balancing of the chip scale package of the present invention. As with the first
embodiment, the duabsatiecamenisapatility Jadilitaigsthadabricatianstfemirfacciiaganisydages. 10 In
FIGs. 4(2)-4(b), a.Y?ﬁ‘aBﬁ‘et grihe. second.embodiment is i"“‘?}éé‘t(ﬁgasﬁr?n‘ﬂi’%ép ‘E%‘Eﬁfﬁs‘?‘o%%mpone“ts. and
features are identified y fne Same Teterencd numerals: This. variant 15 similar to the“s8cond embodiment
except that the interpolibr aybstizitd Bghisc exteddedyiskidngthcanttbgruprisesepfirsipppptioine 386, first

spacer portion 3403,30d iR REGAPH BPEIRNR R IBANH3IRR GERAAIH LY RIRAROLSRAGET Portion
340b. With this 15 configuration, the second portions 338a and 338b may be wrapped about the back

surfaces 114 of bofdrieatifiecarath fefiesmé ftHs e Shry Breco Ty it tkediie ssemhly Bbrtions 338a

and 338b about thecsidrl&frirene Dhibardice ddd oeaesiagnthahbidenkad prithdhefistrepager portion
340a, securing secogd ortion 338a on the bactkdsurfac% llgr of the one of the dice 110, then covering
the two adjacent sidELPEE BB B3 i M 6H S BliEPLide of the assembly with second spacer
portion 340b and securindtsedbbelundetiorod 386 apptke et kysindscel didnafthkilbihehdiet §bDao form a

stacked die assemply 36} BOSEEANA RATONS. AP 37200 APRR D AHAGUAG 7 Q#?%XQBR@J l, pads 135

to which traces 144 (not shown) extend from contact points with the bond pads of the dice 110. This

variant of the d8corf¢Embisdimeay frcopividdsipatiarizmeisplhotidideintacdiBonand a lower
outside surface 364, swhish Bi¥iRIPagordLStMBPRICINE MG PN HEnRIFeENE aaI6R e
corresponding to the pattern of ball pads 135. As inépe secog(l‘embodiment the stacked die, assembly
360 with discrete cBHHGCHESIEHAIRD AR 5 o ERT E ORI RARG SASLS SRR ikached to

terminal pads or otheceontactenilifcamietispdsiratensich, ascoprmted tirokid bdartladi82lesign,
may be combined into an assembly.

15 While the present invention has been disclosed in terms of a certain preferred
embodiments and alternatives thereof, those of ordinary skill in the art will recognize
and appreciate that the invention is not so limited. Additions, deletions and
modifications to the disclosed embodiments may be effected without departing from the
scope of the invention as claimed herein. Similarly, features from one embodiment may

20  be combined with those of another while remaining within the scope of the invention.



30 or any other higher level packaging. However, in this variant of the second embodiment, the chip
scale package 370 may be stacked with one or more other chip scale packages 370 bearing discrete
conductive elements 172 since the interposer -15 31 October 2005 substrate 330 wraps around both the
upper and bottom outside surfaces 362 and 364, to enable electrical connection with another stacked die
assembly 360. It will also be readily appreciated by those of ordinary skill in the gytdhatanaiher flip-chip
type die or a stacked die assembly of different design maygbe connected to a stacked die assembly, 5
and that dice with different functions may be combined into a stacked die assembly or connected thereto.
Thus, this variant of the second embodiment provides evamMigther advantages of increasing integrated

circuit density. It wil| he undlersto&)d and appreciated by those of ordinary skill in the art that a die having
. t 1S ¢laim, 1S: .
a first arrangement an active surface thereof (for example, a 10 central row), may be

combined into a dual die dssemblypwithoadesontis diffeneht amrangegient of bond pads (for example, two
peripheral rows on oppQsing &HAESf ﬂ%%a@ﬁ{%&%[f%@r@f&%%ﬁ&mﬂgﬂ?&ﬁ sepfiayrng ghthe

interposer substrate contacts and traces. Further, different die generations, i.e., one or more "shrinks" of
a basic design,’ may be covHBffeT g raaasEniBly thesehgrtiecthe present invention has been disclosed in

terms of a certain prgfriitaidy enoadisaeniscanst atevoativasthereed thasgeafardinary skill in the art will

recognize and appre iatg trhat the.invention is not so imited.AddiHons, %eletions and mo itf.ications to the
. . a x1ble dielectric interposer substrate ving, first second O 1ng. sides and first .
disclosed embodiments may e eHeedRIthSY epar mggfrom the scope PRHESAVEROh 'as claimed

herei'n.‘SimiI.arI.y, features 'cfndrwcmd ed]ﬂ:ccml mﬁbmac;/paZ&letdday@mbimqb(wﬁtbnthmh‘gldﬁdpgmﬁyswhiIe
remaining within the scopgafiie ipusatian bt kMR FOsteRruR0RS Wihab i slalmed s: 1. A

semiconductor die assembly comprising: a first semiconductor die having an active surface, an opposing
back surface d9d a side the plurality of bond pads and communicating through conductive traces with at

least a second plurality of electrical contacts in a second arrangement different
from the first arrangement on the second side of the second portion;

a third plurality of electrical contacts on the second side of the first portion in a third
arrangement in communication with the first plurality of electrical contacts

15 through conductive traces, wherein the third arrangement is a mirror image of the

second arrangement; and

wherein the first portion of the interposer substrate extends and is secured over the
active surface of the first semiconductor die, the second portion is secured over
the back surface thereof and the spacer portion extends over the side surface

20 thereof.

2. The semiconductor die assembly of claim 1, further including discrete
conductive elements disposed over the electrical contacts of the second plurality and
projecting transversely therefrom.

25
3. The semiconductor die assembly of claim 2, further including a carrier

substrate connected to the discrete conductive elements.

4. The semiconductor die assembly of Claim 3, wherein the carrier substrate

30  comprises a portion of a computer.



5 surface extending transversely therebetween; a plurality of bond pads over the active surface in a first
arrangement; a flexible dielectric interposer substrate having first and second opposing sides and first
and second adjacent portions separated by a spacer portion and including a first plurality of electrical
contacts on the first side of the first portion connected to 10 the plurality of bond pads and communicating
through conductive traces with at least a second plurality of electrical contacts in agggeKhahsangement
different from the first arrangement on the second side ofjithe second portion; a third plurality of electrical
contacts on the second side of the first portion in a third arrangement in communication with the first

plurality of electrical contagts 15Theaugiceandustiie ikeaablywiergin thekbisthansargeraent is a mirror
image of the second arralr}%ement' and wherein the firﬁtaQ%rtion of the interposer substrate extends and is

arrange nt co ses.a two-dimensigna Tay. . .
secured over the aCtivesurface %lpf & first Semiconductor die, the second portion is secured over the

back surface thereof and the spacer portion extends over the side surface 20 thereof. 2. The

semiconductor die assemply of Gl i {HiRE PGl IOCLHIRCE IS APNIUAHYE RIRMGR'S disRosed over the

electrical contacts of the second plurality and projecting transversely therefrom. 25 3. The semiconductor
die assembly of clafitrdustivhelrmriidlitgoscdarrarhs iyl compeeRidhe the! alserbte a@dnductive

elements. 4. The seiRiRenaiaiordiadssembbeelainn S onherain haicattigisaubstrate 30 comprises a
portion of a computer. -17 31 October 2005 5. The semiconductor die assembly of claim 2, wherein the

second arrangement comprises a two-dimensional array. 6. The semiconductor die assembly of claim 1,
further including discrete B condilctsenalendesits disposethlovErcthenel efttribal ioohidiogsdoicthie third plurality

and projecting transyQeReiy [0 MG ARIYE RULAGH Piha disk e QRIUERY &i&nd plurality and the

10  third plurality of electrical contacts and projecting transversely therefrom.

8. The semiconductor die assembly of claim 7, further including a second
semiconductor die disposed over the first semiconductor die and in electrical
communication with the first semiconductor die through the discrete conductive elements

15  disposed over the third plurality of electrical contacts.

9. The semiconductor die assembly of claim 8, wherein the second

semiconductor die is configured substantially identically to the first semiconductor die.

20 10. The semiconductor die assembly of claim 1, further including an underfill
material disposed between the active surface of the first semiconductor die and the first

side of the first portion of the interposer substrate.

11. The semiconductor die assembly of claim 1, further comprising an
25 adhesive layer over the back surface of the first semiconductor die securing the second

portion of the interposer substrate thereto.

12. The semiconductor die assembly of claim 1, wherein the first and second
portions of the interposer substrate are each of a length and width substantially

30  corresponding to a length and width of the first semiconductor die.



7. The semiconductor die assembly of claim 1, further including discrete conductive elements disposed
over the electrical contacts of the second plurality and the 10 third plurality of electrical contacts and
projecting transversely therefrom. 8. The semiconductor die assembly of claim 7, further including a
second semiconductor die disposed over the first semiconductor die and in electrical communication
with the first semiconductor die through the discrete conductive elements 15 dispgssd puebéps third
plurality of electrical contacts. 9. The semiconductor die aggembly of claim 8, wherein the second
semiconductor die is configured substantially identically to the first semiconductor die. 20 10. The

semiconductor die assembly of claiemikofigiiber inchidingpreomgesfil: material disposed between the

active surface of the firsf semiconductar die,and ihe fst, side of the fist partion, of (e nierposer
substrate. 11. The Semiconauctor dia assemBﬁ/ SretAim , fLirther BBmp sing an adfesive layer over

the back surface of the firstdesnicapuilicgoraiey sedyring ¢ veaoomd qydnigitodthenhtexpaser gubstrate
thereto. 12. The semicondugtor dig.assembily gfrﬂggﬁe].ﬁ;wherein the first and second portions of the
interposer substrate are each of a length and width substantially 30 corresponding to a length and width
of the first semitond S HREMiENGHCEIEHiH BF YD BN IS AC SEFED idPRISHIS RiskeibigeedMiffising: a first

semiconductor die havingsafraetixe:auifacRnar QPRABRG Lk suiBCpumEIof SUraseiesiending

transversely therebetween and a I[%Iurakilg%/ of.bond gaoés over the active surface in a first arrangement; 5 a
. - active surface thereof in a second arrangement; ané{( . .

second semiconductor die %avmg ancactive stritace) \n opposing back surface, a side surface extending

transversely therebetivadrncahdeatplunakitycot bohdipadsomgritheaat sh@slofgositigerdef andisgcond

arrangement; and a flexible, dieleclicierppSaloRY DSkRlR MaY el 3[3&'3%%?899%8998&!{1‘69?5“95 and first

and second adjacent portions separated by a first spacer portion and including: 10 a first plurality of

electrical contaBts on the first side BT tPITARY pbeiRsiicakinatied 8 thielpiirdryohBdiitt padstf the first

semiconductor connected to the plurality of bond pads of the first semiconductor
die;
a second plurality of electrical contacts on the second side of the first
portion connected to the plurality of bond pads of the second
15 semiconductor die;
and
a third plurality of electrical contacts on at least one of the first and
second sides of the second portion and in communication through
conductive traces with the first and second pluralities of electrical
20 contacts, the third plurality of electrical contacts being in a third
arrangement differing from the first and second arrangements;
wherein the first portion of the interposer substrate extends and is secured between the
first and second semiconductor dice, the second portion is secured over the back
surface of one of the first and second semiconductor dice with the electrical
25 contacts of the third plurality accessible and the first spacer portion extends over
the side surface of the one of the first and second semiconductor dice to which the

second portion is secured.

14. The semiconductor die assembly of claim 13, wherein the first and

30  second arrangements are identical.



die; a second plurality of electrical contacts on the second side of the first portion connected to the
plurality of bond pads of the second 15 semiconductor die; and a third plurality of electrical contacts on
at least one of the first and second sides of the second portion and in communication through conductive
traces with the first and second pluralities of electrical 20 contacts, the third plurality of electrical contacts
being in a third arrangement differing from the first and second arrangements; wheygiihihedirst portion of
the interposer substrate extends and is secured between {ge first and second semiconductor dice, the
second portion is secured over the back surface of one of the first and second semiconductor dice with

the electrical 25 contacts ofthe thikosphitaliuaccassitenasil dhelfitstiSpacerdpottionexiends over the
side surface of the one of the first and secand semicorg(i% &%rtdice to which the second portion is

arrangement co T1SES a IMIITOT 11Mage. O arrangement.
secured. 14. The sémiconductor i aasem y of cfaim Whéreinffihe first and 30 second arrangements

are identical. -19 31 October 2005 15. The semiconductor die assembly of claim 13, wherein the second

arrangement comprises a pirrorimage, b the s haranaamentia, Thesemicandugiopdiaagsembly of

claim 13, wherein the third plurality 5 of electrical contacts is exposed on both the first and sécond sides
of the second portidH cleptriaabesafitonateesrdne Basehsolsbrrdarrons Sileerbihetrre atbRAFHR- contacts of
the third plurality comprise conductive material-filled vial extending from the first side of the second

portion to the second side gf theﬁlecond portion g[O of th 'ntetrpf)ser %ub trate. 18. The semiconductor
. . . e semlcondu%}or 1€, assem (JPJ’ Qh\Gadl 16, w er&m the -
die assembly of claim 16, %urther comprising - discrete conductive elements disposed on and projecting

transversely from ackessibleoriatiricaheontdplsmofitheothirdspluraditytive material-filled vias

extending from the first side of the second portion to the second side of the second portion

10 of the interposer substrate.

18. The semiconductor die assembly of claim 16, further comprising
discrete conductive elements disposed on and projecting transversely from accessible
electrical contacts of the third plurality.

15

19. The semiconductor die assembly of claim 13, further comprising

discrete conductive elements disposed on and projecting transversely from accessible

electrical contacts of the third plurality.

20 20. The semiconductor die assembly of claim 19, further including a carrier

substrate connected to the discrete conductive elements.

21. The semiconductor die assembly of claim 20, wherein the carrier substrate
comprises a portion of a computer.
25
22. The semiconductor die assembly of claim 13, wherein the third

arrangement comprises a two-dimensional array.

23. The semiconductor die assembly of claim 13, wherein the second
30  portion of the interposer substrate comprises two adjacent second portions separated by a
second spacer portion, one second portion is secured over the back surface of one of the

first and second semiconductor dice, the other adjacent second portion is secured over the



15 19. The semiconductor die assembly of claim 13, further comprising discrete conductive elements
disposed on and projecting transversely from accessible electrical contacts of the third plurality. 20 20.
The semiconductor die assembly of claim 19, further including a carrier substrate connected to the
discrete conductive elements. 21. The semiconductor die assembly of claim 20, wherein the carrier
substrate comprises a portion of a computer. 25 22. The semiconductor die assgmbly.8f.chaing 13,
wherein the third arrangement comprises a two-dimensiongl array. 23. The semiconductor die assembly
of claim 13, wherein the second 30 portion of the interposer substrate comprises two adjacent second
portions separated bycR seEea st spater @aniansand seeatdapatiauisaaityadower ipabigakisnface of

one of the first and sec%nd semic&)ndu tor c‘he, the (%ther adtjac nt segond.gor(tlion is ecurgdnover the -20
extends Vera¥1 €S ace { CPHCO i flI'S ang second semicQndugtor {ﬁeap % (]
31 October 2005 back surface of another of the first and second semiconductor dice, the Tirst spacer

portion extends ovescamsldeaserfacacfakiendneef the sidstsariacs of drdisethricondadiot didsanddhe

second spacer portigp, exienRds oyeL the side surface of the another of the first and second semiconductor
dice. 5 24. The semiconductor die assembly of claim 23, wherein the third plurality of electrical contacts
is disposed on dne of the two adjacent second portions. 25. The semiconductor die assembly of claim 24,

further including discrete 14 conpieciéve @ameanisidispesetydT thenetestipakaomaatzopiibelihird plurality
and projecting trans%/ersel. tperefrom. 6. Th§~1 semico?%uctor d('ﬁe assembly of claim 24, further
of el éa t

comprising a fourth p?uer%tﬁ of BEEHiCA RntACE Psep%se%tgﬁ) ArBEREETe %R%goé]ajacent second

portions and 15 in communication with electrical contacts of at least one of the first and second pluralities

through conductive tracesys, The semiconductor die assembly of claim 24, further including discrete

10 conductive elements disposed on the electrical contacts of the third plurality and

projecting transversely therefrom.

26. The semiconductor die assembly of claim 24, further comprising a fourth
plurality of electrical contacts disposed on another of the two adjacent second portions and
15  in communication with electrical contacts of at least one of the first and second pluralities

through conductive traces.

27. The semiconductor die assembly of claim 26, further including discrete
conductive elements disposed on the electrical contacts of either the third plurality or the

20  fourth plurality and projecting transversely therefrom.

28. The semiconductor die assembly of claim 27, further including at least
another semiconductor die disposed over the semiconductor die assembly and in
electrical communication with the semiconductor die assembly through electrical contacts

25  of either the third or fourth plurality having no discrete conductive elements disposed

thereon.

29. The semiconductor die assembly of claim 28, wherein the at least
another semiconductor die includes discrete conductive elements projecting transversely
30  therefrom, by which the electrical communication with the semiconductor die assembly

is effected.



27. The semiconductor die assembly of claim 26, further including discrete conductive elements disposed
on the electrical contacts of either the third plurality or the 20 fourth plurality and projecting transversely
therefrom. 28. The semiconductor die assembly of claim 27, further including at least another
semiconductor die disposed over the semiconductor die assembly and in electrical communication with
the semiconductor die assembly through electrical contacts 25 of either the third-grdQuyith.Rltality having
no discrete conductive elements disposed thereon. 29. The semiconductor die assembly of claim 28,
wherein the at least another semiconductor die includes discrete conductive elements projecting

transversely 30 therefrom3by whigh ¢heielactical Gomppmpigatiomithothensemiaendustar die assembly is
effected. -21 31 Octob%r 2005 30..The sdemicon Pctor die assenﬁbl of1 cl?i .29, wherein the at least
Bl ol elaim. 29 whey

another semiconduttor &res%%uscé)%dbuﬁ/t(gorlﬁparséee% a‘ﬁ%‘i’ﬁlé’rnrsﬁﬁﬁ?ﬂ ie asse “ff.é?fj fie semiconductor

die assembly of claim 13, further including an 5 underfill material respectively disposed between the

active surfaces of the firstﬁemicgﬂgy&{ggoq%@tggcﬁg%égﬁgﬂdo%mﬁp@Lﬂ%@ldjgcﬂﬁgl%first and second

sides of the first portion of the interposer substrate. 32. Thé semiconductor die assembly of claim 13,
further compristhg a4901 4 aHEIEIRDEFTET dHeBst REY AR R Ot SHE S H9é Bt $émiconductor die

and the second senséagBshiiabelie: havdng: the sroerdcpadtionafithaditerppsensihkoiiatedseetitrd thereto.
33. The semicondu<f‘,.tor die.assigﬂbli}rll of claimuJBB, wherein the first and 15 second portions of the
W

interposer substrate 2t 8ach 0f 2 enta Xl igctiliﬁtes'ubstantially corresponding to a length and width of

at least one of the first semiconductor die and the second semiconductor die. 34. An interposer substrate

for use with a semiconducter dieﬂ%%@ﬂﬁ%ﬁdﬁl?o%ﬁeiQE?&B%%%?HQW%%GRH&P@éﬁﬂ&is@nﬂ%’ﬁible dielectric
substrate having first and second opposing sides, a first portion ’
10 adhesive layer over the back surface of the one of the first semiconductor die and the

second semiconductor die having the second portion of the interposer substrate secured

thereto.

33. The semiconductor die assembly of claim 13, wherein the first and
15  second portions of the interposer substrate are each of a length and width substantially
corresponding to a length and width of at least one of the first semiconductor die and the

second semiconductor die.

34. An interposer substrate for use with a semiconductor die assembly, the
20  interposer substrate comprising:

a flexible dielectric substrate having first and second opposing sides, a first portion
configured for attachment to an active surface of a first semiconductor die on the
first side and to an active surface of a second semiconductor die on the second side
and an adjacent second portion separated by a spacer portion, the second portion

25 configured for attachment to a back surface of one of the first semiconductor die
and second semiconductor die with the spacer portion extending over a side
surface thereof;

a first plurality of electrical contacts on the first side of the first portion arranged to mate
with bond pads on the active surface of the first semiconductor die and connected

30 to a second plurality of electrical contacts on the second side of the second portion

of the interposer substrate through conductive traces, the second plurality of



configured for attachment to an active surface of a first semiconductor die on the first side and to an
active surface of a second semiconductor die on the second side and an adjacent second portion
separated by a spacer portion, the second portion 25 configured for attachment to a back surface of one
of the first semiconductor die and second semiconductor die with the spacer portion extending over a
side surface thereof; a first plurality of electrical contacts on the first side of the fifshpitign@tanged to
mate with bond pads on the active surface of the first semjconductor die and connected 30 to a second
plurality of electrical contacts on the second side of the second portion of the interposer substrate
through conductive tracesgitheisgicanthaiisaiity iaf-diZfat fostahasnZdf helaaticat pantdgisbeing in a
different arrangement thanlthte.firft fg)lyratlli.t% %f electrical contacts; and. a third plurality of electrical
contacts on the second sidé of the |1r]s?t‘Cder ion arranged to mate with bond pads on the active surface of
the second semiconrdbictopldielignol §leteatricaliyacormebtegchndugle cHddotiveottavestmgléttrical

contacts of the second plyalityaf FIGGHIRR! SOMBLESurflE IMRIRASHISURREHG.OIF @M further

comprising a fourth plurality of electrical contacts on another side of the second portion electrically
connected 10 b the electfEFEaRY£REf B TrYER SaNHHFT 1 (ra0mide ehiodtieH curraitaleriscaad36. The
interposer substrate of clapmrafrywhexeimithe-seaend and fourth pluralities of electrical contacts are
connected. 15 37. The interposer substrate of claim 36, wherein the second and fourth pluralities of
electrical contacts lie at opposing ends of conductive vial extending transversely through the second
portion. 38. The interposeBsubstratarémplaien Bbstvatreréimathe3detotidrandfountly 220 ysthralities of electrical

contacts comprise Wyo-dieRsioqALATBN SR bn HSHISIROSPIRURSHAIS RSl AR MEsRIRINE
two-dimensional arrays comprise mirror images. 25 40. A method for fabricating a sermiconductor die
assembly, the IR ethigdhe electrical contacts of the first and third pluralities through conductive traces.

36. The interposer substrate of claim 35, wherein the second and fourth

pluralities of electrical contacts are connected.

15 37. The interposer substrate of claim 36, wherein the second and fourth
pluralities of electrical contacts lie at opposing ends of conductive vias extending

transversely through the second portion.

38. The interposer substrate of claim 35, wherein the second and fourth

20  pluralities of electrical contacts comprise two-dimensional arrays.

39. The interposer substrate of claim 38, wherein the two-dimensional arrays

comprise mirror images.

25 40. A method for fabricating a semiconductor die assembly, the method
comprising:
providing a first semiconductor die having a first surface which oppositely faces a
second surface thereof and having a side surface between the first and second
surfaces; attaching one side of a first portion of a substrate to the first surface of
30 the first semiconductor die, wrapping the substrate around the side surface of the
first semiconductor die and attaching a second portion of the substrate to the

second surface of said first semiconductor die to substantially cover the



comprising: providing a first semiconductor die having a first surface which oppositely faces a second
surface thereof and having a side surface between the first and second surfaces; attaching one side of a
first portion of a substrate to the first surface of 30 the first semiconductor die, wrapping the substrate
around the side surface of the first semiconductor die and attaching a second portion of the substrate to
the second surface of said first semiconductor die to substantially cover the -23 g1 Qgioherg905 first and
second surfaces thereof; providing a second semiconductgy. die having a first surface which oppositely
faces a second surface thereof and having a side surface between the first and second surfaces thereof;
and 5 attaching another siggtahthediisd partien okibersubstrate to the first surface of the second
semiconductor die. 41. The method of cJain%14(%6 ﬂért er com[%ristinlgrtdisepoFir}g discr.etle (f‘onductive
elements on the seBond bBrHioR-OF the SUBSTATS" 1 42 Fha The o 5 LIk AB WREriR e attaching
the first portion of the subsuend torthe firstcahthddooing seiticondoctst wice leedifected priordto the
wrapping of the substratesu}gécgtgép&ﬂqg{@od of claim 42, further comprising disposing discrete
conductive elements on the second portion of the substrate. 44. The method of claim 43, further
comprising conaucﬁ\'?@@’@érﬁ’?@@(‘?ﬁ@ligé’fél&ﬁﬁ%HB‘EEL%Pﬁ‘i’éﬁégggfﬁﬁ%@%\fg&ﬁ‘é‘if%ﬁbgt%?céeﬁ%ﬁﬁlg the
discrete conductive 20 elemgnts:dhoiof BR.method of claim 41, further comprising conductively connecting
the semiconductor die assembly to a carrier substrate using the discrete conductive elements. 25

41. The method of claim 40, further comprising disposing discrete conductive

elements on the second portion of the substrate.

10
42. The method of claim 40, wherein the attaching the first portion of the
substrate to the first and second semiconductor dice is effected prior to the wrapping of
the substrate.
15 43. The method of claim 42, further comprising disposing discrete conductive

elements on the second portion of the substrate.

44. The method of claim 43, further comprising conductively connecting the
semiconductor die assembly to a carrier substrate using the discrete conductive

20  elements.

45. The method of claim 41, further comprising conductively connecting the
semiconductor die assembly to a carrier substrate using the discrete conductive
elements.

25



