1 ELECTRONIC DEVICE PACKAGES INCLUDING INTERPOSERS HAVING FLEXIBLE
SUBSTRATES TECHNICAL FIELD 5 The present invention relates generally to packaging of
electronic devices in the form of semiconductor dice. More particularly, the present invention relates to
embodiments of an interposer for mounting a semiconductor die, wherein the interposer includes
flexible solder pad elements configured for attachment to a carrier substrate or to the semiconductor
die. The present invention further relates to materials and methods for 10 forming the interposer.
BACKGROUND State of the Art: An electronic device in the form of a semiconductor die or chip is
conventionally manufactbiFdd- dRPNEARQE YR BaSHAHE M&HW&%W%%@ 15 Circuitry
is formed on an active surface of the sEHEONGUCSHR éWﬁéﬁﬁé further levels of circuitry
within the die itself. Due to the materials used and the intricate nature of construction, semiconductor
dice are highly susceptible to physical damaggpCErmtmimLtpmfrom environmental conditions
including, far example, moisture. In order to protect a semiconductor die from environmental

conditions, 7t is com mc;ﬂT? BERL LY NN RSS sOR Y (RAPEF 8BRS RS RTORC XIS Whdrevents

environmental efemmesttserfieon@iysically. coniaingcthase micorettnndigiolnregaenioyears, the
demand for more compact electronic devicges has increased, and this trend has led to the

development of SBPOSHBE S p2EdBIE PAEK AL HEEISS SBEORMSIP iRy WSE BRI ERYSfied by
mounting a semigandsiciekidie tolacsphs Erinciey nndi 2hanfintarpasasnh@vingrsidbstdpiiadyotie same
dimensions as the semiconducto %I'zr Bond pads of the emicorﬁljuctor die are electrically connected

to bond pads orl’% AFEUSORAKELOBich el G BFpHL Iyt At Wb st Paleria's e i an

encapsulan materisihg@enduepyeepathways, which may comprise a combination of traces and vias,
extend from the interposer bond pads to a second, opposing side of the interposer where they
terminate 30 in external electrodes to which further electrical connections are made. Typically, a CSP
is then mounted to a carrier substrate, such as 8aiCKGROUNDaving a number of other electronic
devices attached therel, 2, Flecifically cqunesing e RaTHLAAR of 2 ssmisenstisiarlie & he bond
pads of a
conventionally manufactured of materials such as silicon, germanium, or gallium arsenide.
15  Circuitry is formed on an active surface of the semiconductor die and may include further
levels of circuitry within the die itself. Due to the materials used and the intricate nature
of construction, semiconductor dice are highly susceptible to physical damage or
contamination from environmental conditions including, for example, moisture. In order
to protect a semiconductor die from environmental conditions, it is commonly enclosed
20  within a package that provides hermetic sealing and prevents environmental elements
from physically contacting the semiconductor die.
In recent years, the demand for more compact electronic devices has increased,
and this trend has led to the development of so called “chip-scale packages” (CSPs). One
exemplary CSP design is typified by mounting a semiconductor die to a substrate, termed
25  aninterposer, having substantially the same dimensions as the semiconductor die. Bond
pads of the semiconductor die are electrically connected to bond pads on a first surface of
the interposer, and the semiconductor die is encased within an encapsulant material.
Conductive pathways, which may comprise a combination of traces and vias, extend from
the interposer bond pads to a second, opposing side of the interposer where they terminate
30 in external electrodes to which further electrical connections are made. Typically, a CSP

is then mounted to a carrier substrate, such as a circuit board having a number of other

electronic devices attached thereto.



CSP interposer generally involves using one of two types of interconnection methods, depending on
the manner in which the semiconductor die is mounted. As shown by FIG. 1, a CSP 2 is configured
with the first interconnection method by mounting a 5 semiconductor die 4 to an interposer 6 with die
bond pads 8 in a face-up orientation, and electrically connecting die bonds pads 8 to interposer bond
pads 10 with bond wires 12. As shown by FIG. 2, CSP 2'is configured with the second
interconnection method by mounting semiconductor die 4 with die bond pads 8 in a face-down or
flip-chip orientation, and electrically connecting die bond pads 8 directly tq interposer bond pads 10 10

with conductive elemeFt§c &SGRl 0B R he Grdsdemieadusiysia e Gahaareadnaterial.

Once the intercaryregiiapsnethatiaaednas] (b Bsth eI @ ds FRAWieitsrRrvcantheiabdie 4 is
encased within an encapsulant material 15 such as a polymer-based molding compound. Further,

FIGS. 1 and 2 stR7HBRLAGEARRSTIPWE ) BS SPHcearig i digis e 18 r e R EARY for

mounting CSPSHIGa CarispstiRsiratesd@dGHRB dofifstGidrioaeriioniadiad Byanshangarray (LGA)
type package, wherein the external electrodes comprise solder pads 18 that are intended to be

directly attathed¥8 COMBEHYfG SRS FRASDH BHLIEhonet Rafbdtiia PEcHpersnbiesand i

configured as adiedt@rrid pemnéBaA Ny pen@askigeionherpindhisoadiginal @ertodas eamprise solder
ball pads 22 having solder bgall 20 24 fg,rmed thereon, such that solder balls 24 will be attached to the

solder pads 20 61 ‘SMEPLELQrat& 18 ZARen YRS Pd B b S HUSEBRELBBRC Y rovided a
compact and egangiMga-aipsaachidodaskaging«barpriEinciandicRvihey sijl¢gigsent certain
disadvantages, especially in terms of the LGA or BGA electrode structures, used for 25 mounting
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example, the funitieninmahibelaiiehits swithik Buenpe micasidisdtor shrlanst resisthiodedadhaiciscuit

connections of the semicqnductor die, interposer, and carrier ?g gate rate hezilt. This heating
results in the exBAIIEh SR IETRIF ATOPHRSE Bt et &8 (ethe AETRE 6 rise and fall
Because the semsiaoddctosrdie, 4ritesposed, it icaiiriac spisinaiaacaanedacf difeonherateyddls
exhibiting different coefficients of thermal expansion (CTE), they expand and contract at different
rates during thePABE SHIBPOMAE mismatch in thermal expansion rates places stress on the electrode
structures joining the CoRhigterESer fadhesBow there are generally two types of external electrode

15  structures used for mounting CSPs to a carrier substrate 16. CSP 2 of FIG. 1 is configured
as a land grid array (LGA) type package, wherein the external electrodes comprise solder
pads 18 that are intended to be directly attached to corresponding solder pads 20 on a
carrier substrate 16. In FIG. 2, CSP 2’ is configured as a ball grid array (BGA) type
package, wherein the external electrodes comprise solder ball pads 22 having solder balls

20 24 formed thereon, such that solder balls 24 will be attached to the solder pads 20 on
carrier substrate 16.

Although CSPs of the type described above have provided a compact and
economical approach to packaging of semiconductor dice, they still present certain
disadvantages, especially in terms of the LGA or BGA electrode structures used for

25  mounting CSPs to a carrier substrate.

During the operation of an electronic device configured as a CSP, for example, the
functioning of the circuits within the semiconductor die and resistance in the circuit
connections of the semiconductor die, interposer, and carrier substrate generate heat. This
heating results in the expansion and contraction of all of these components as temperatures

30  rise and fall. Because the semiconductor die, interposer, and carrier substrate are made of
different materials exhibiting different coefficients of thermal expansion (CTE), they
expand and contract at different rates during thermal cycling. This mismatch in thermal

expansion rates places stress on the electrode structures joining the CSP interposer to the



carrier substrate, and may eventually cause cracks in the electrode structures leading to the failure of
electrical connections. This thermal stress may be especially problematic with a CSP configured as an
LGA type package as in FIG. 1, because the stress is concentrated within the relatively 5 small
thickness H of the solder pads 18 between interposer 6 and carrier substrate 16. With a CSP
configured as a BGA type package as in FIG. 2, the thermal stress may be more effectively absorbed
by being spread across the increased thickness H' prgvided by the solder balls 24. However, because
modem circuitry layouts tend to require increasing numbers of UOs, the external electrodes on a CSP
must be very deriSufy SRSUALE- and ey Ry SRYsrcprakaia tRere Tradrimrap st iRty be
attained when fgsminrgoseldaridaalisnedectidis.conventional process of printing and reflowing solder paste
on solder ball pads 22 to form solder balls 24, for example, requires that solder ball pads 22 must be

spaced at a pitch of abbtit S'9 RrhSHE SHEAYP FRRE AL RTARETRh BB AP RHAL AT, high UO

CSPs require theaiseyptb yanadiet diaimpler, soldenbaliadhatmayomtcha-pravidaia thicknesshl sufficient
to overcome thermal induced stress failures. Forming a CSP as a BGA type package also includes

the additional proRESLHIEPEsUHEL s ROAFT Saliel LAY LR IHSESTE GrNd<RIEFS THARHIs 16 mass-scale

production. Anotiigh prokiesasaasipied BEGA piisy itipaeckage MMRIPasebdmthiaiiths hiapber BGA
type external electrod stnuc&r%s are F{ pi%ally formed entirely of metal or metal 20 alloys and are,
therefore, rigid. TCHI&H ERERS AB5L0SH ¥ RCUIS SR A AFSE IsEisased B BIEHISHR¥N it is to

be mounted maghbavdditanensuHaces! teayiiocomenvatiady bydosrmal sregaas ternging
attachment of a CS %/ (i}ger reflow. When this occurs %e S %:e between the interrﬁf and the
a?%/, g \g

carrier substraté' o P& HGTBALSISSHALERAD B Antt &Y SR A e Ein

contact witly theagapligsisubshiata@thraniamamipspac annmayy Preveihadniast fyrexiesorleelectrodes at
wider spaces. Ir?% e fore what is needed is an interposer for a semicondyc

view of oing, e r tor die
ackago such ARl P HHe R B R e LA TR RSN BT O s
associated withihés pdao sstraxigdeabelBcliode skattpléefyses tharwolddrthel patBrppsaistha carrier
substrate. 30 DISCL%SURE F.INVENTION In accordan ith the present invention, an improved
Jifletcrnaiabaaie e

interposer for elRAFEAR HRABO LRIt THIS GOLEG " RS QHSVIEE Brickages including

such an Furthermore, high I/O CSPs require the use of smaller diameter solder balls that may not
15  provide a thickness H' sufficient to overcome thermal induced stress failures. Forming a
CSP as a BGA type package also includes the additional processing required to form
solder balls 24, which is undesirable in terms of mass-scale production.

Another problem associated with prior art package interposers is that the LGA or
BGA type external electrode structures are typically formed entirely of metal or metal

20  alloys and are, therefore, rigid. In many cases, one or both of the interposer and the carrier
substrate to which it is to be mounted may have uneven surfaces or may become warped
by thermal stresses during attachment of a CSP by solder reflow. When this occurs, the
space between the interposer and the carrier substrate may vary, and the rigid construction
of LGA or BGA type external electrodes in contact with the carrier substrate at narrower

25  spaces may prevent contact by external electrodes at wider spaces.

In view of the foregoing, what is needed is an interposer for a semiconductor die
package such as a CSP that is simple and inexpensive to produce and overcomes the
problems associated with the prior art external electrode structures used to mount the
interposer to a carrier substrate.

30

DISCLOSURE OF INVENTION
In accordance with the present invention, an improved interposer for electronic

device packages is disclosed, as well as electronic device packages including such an



4 interposer. The interposer is formed with flexible solder pad elements that overcome the drawbacks
associated with prior art external electrode structures. Due to its flexible nature, the interposer of the
present invention is more readily able to accommodate thermal induced stresses and is more easily
conformed to carrier substrate or 5 semiconductor die surfaces that are warped or uneven.
Furthermore, by forming the flexible solder pad elements as a unitary part of core material of the
interposer, the interposer manufacturing process is simplified over prior art interposer methods that
require additional processing to form or attach conventional external electrode structures. In one

embodiment of {REBASSEnT sVaEBRCHS iftmpbydh dstiplsaldsrqddlemento it Qrg e Rstide and

an opposing, sega®sidesatcamigingie Hexikiersarasnatadatiatuleasturedigxinigisrlder pad
element on the second side of the substrate, wherein the at least gne flexible solder pad element

comprises a disERHE FHIEHOST fldMripentBreoRdsin Bk isAdiNg Hicdsttsammediperpendicular
direction outwar@pfigimthedirst-side aldthenssbsiiate angoanseldeicparanumtipobihe protrusion; a

conductive via extendin@q 15 from the solder pad of the at least one flexible solder pad element to the

second side of HESABLHARE A daceh Mt ale YOWEHSTANEY Oh hy LSHBRE Y BINE Rbstrate

having at least paghesspapeletdicaly sonnecigdhte tresrldeiaad of dheiatipasi-ome flexible solder
pad element by the conductive via, Infurther.emb%jig_nents of the present inventi%n,thge% interposer is
incorporated intHMYBRA SR BTSRRI STIAYRM L § Y IRECE Hh LIRS HRes it mounted to

and electricallyrequinecteiititmibprivempases faacordingicone tmhadineaniiof enrelrcliopicrelevice
package, the at least esemi??o ductorédie is electrically connected to the interposer E%/ at least one

wire bond extending b&hiBEARPEHREY R Wsmicsey 5?"3\%%‘%’@5&“8@8%&% Bt ot fid the at
least one bond pad@f ifertcnidusiivenrepitag|ayecaidtiideminterpesahglditsiiikispackageal; at

embodiment, the at least, one. flexible solder pad element of the interposer may be attached to a
carrier substrat eé‘ﬁtc?flgi.‘%f(b%ﬁfﬁﬁg %?dc?f‘f‘ﬁ%‘gr ef%%’ﬁ’ﬁ)ﬂ%r b@?ﬂgﬁr&%r‘gﬁffﬂ} Dssther
embodiment of ansleatmnibiadtRnackdgaciheaiptastatiecsrapeansdiciardie Feelbritoally
connected to the interposer in a flip-chjp . configuration by a bond between at least opne bond pad of the
Comiconductor SIS A48 ILASE AHETBAIA RAREDH B LSeB OGRS BtE Lo S
embodiment, thefahéeadtome ahdadqlde phdhen eaijdolttheeproutisignay esafiliesinterposadisgattached to

a carier sybstgle, | anginer emdmant o e Res et INepiip, A IHIaRY QL aTisangger
substrate; and a conductive routing layer on the second side of the substrate having at least
one bond pad electrically connected to the solder pad of the at least one flexible solder pad
element by the conductive via.

In further embodiments of the present invention, the interposer is incorporated into

20  an electronic device package having at least one semiconductor die mounted to and
electrically connected to the interposer. According to one embodiment of an electronic
device package, the at least one semiconductor die is electrically connected to the
interposer by at least one wire bond extending between at least one bond pad of the at least
one semiconductor die and the at least one bond pad of the conductive routing layer of the

25  interposer. Under this package embodiment, the at least one flexible solder pad element
of the interposer may be attached to a carrier substrate such as a computer circuit board of
a computer system. According to another embodiment of an electronic device package,
the at least one semiconductor die is electrically connected to the interposer in a flip-chip
configuration by a bond between at least one bond pad of the semiconductor die and the at

30  least one bond pad of the interposer. Under this package embodiment, the at least one
bond pad of the conductive routing layer of the interposer is attached to a carrier substrate.
In another embodiment of the present invention, a plurality of semiconductor devices is

mounted to, and electrically connected to, the interposer.



mounted to, and electrically connected to, the interposer. 5 The present invention also discloses
methods for forming the interposer and the electronic device packages including the interposer.
According to one method, the interposer is formed by providing a substrate comprising a flexible core
material having a first side with a first layer of conductive material and a second side with a second
layer of 5 conductive material; patterning the second layer of conductive material to form a conductive
routing layer having at least one bond pad; forming atJeast one conductive via extending through the
flexible core material between the conductive rquting layer and the first Ia¥§r, of conductive material,

patterning the first layert5rRIG RGN HaRisa disioiR methedsdghiuBine Msatenensingdieat least

one conductive Mgtk [@viRYipgRAItIONSIAhiHY theiflexfoecore ipatedabisasnibadisihside of the
substrate around the at least one solder pad to form at least one flexible solder pad element

comprising a disRIROTOtHILBIOPYHECHIINSIE MR RS ks e SR LRI KA ndicular

direction outwargiy fidewiheaftisitsiderdfths suhisisatedecand ngdafid ther wigthedsoal hhgepigsent
invention, electronic device packages 15 are formed by mounting and electrically connecting at least

one semicohduSRIURNYS TRECTHYe FESEFNR ARG FARNG AR HEOrRAMTHF BY AP AHE AR 9% Gonic device

package, electrigaiiucenenecting lifyerdileastena semicond yatrroit ifothel dniesnesen CmpsisRS

attaching a wire bonéilﬁté?éiween t least one bond pad of the at least one semicaonductor die and the at

least one bond P& B8 ‘fié%’%’ﬁﬁiﬁ%r‘fe{% BrtRe e B EPRAREBIIRRY! ﬁ)ﬁﬁ%‘?%@‘?nethod

of forming an elgetronierde ieripaskagaiigcisicrilyico mrettinth ke dldaanicone nseerigondugior die to

the interposer comprises b%r néjﬁgt Ieaft,on%gonﬂld pad of the, semiconductor die.to the at least one
- f

i
bond pad of the? 3887 d%ff PBTEBRABR AT OYhEP NG FtHar FRAAGTRS PSR b es will
be apparend fromd e {levongmitedataiten teserpiion aftbasubvent arotakehdadenitiogdiesidith the

and are not inaHGSR R R U REE PRt B RO B A SR N LR
numerous comifisaiidnscad chinatlificatndia afe pagsialaifoly thapmiiodinahts fuesaniacihérain. 30
BRIEF DESCRIEIION R e SihGate.
According to further methods of the present invention, electronic device packages
15  are formed by mounting and electrically connecting at least one semiconductor die to the
interposer. According to one method of forming an electronic device package, electrically
connecting the at least one semiconductor die to the interposer comprises attaching a wire
bond between at least one bond pad of the at least one semiconductor die and the at least
one bond pad of the conductive routing layer of the interposer. According to another
20  method of forming an electronic device package, electrically connecting the at least one
semiconductor die to the interposer comprises bonding at least one bond pad of the
semiconductor die to the at least one bond pad of the interposer in a flip-chip
configuration.
Other and further features and advantages will be apparent from the following
25  detailed description of the invention taken in conjunction with the accompanying
drawings. The following examples are provided for the purposes of illustration only, and
are not intended to be limiting. It will be understood by one of ordinary skill in the art that
numerous combinations and modifications are possible for the embodiments presented
herein.
30
BRIEF DESCRIPTION OF DRAWINGS

In the drawings, which illustrate what is currently considered to be the best mode

for carrying out the invention:



In the drawings, which illustrate what is currently considered to be the best mode for carrying out the
invention: 6 FIG. 1 is a cross-sectional side view of a prior art CSP having wire bond interconnections
and LGA type external electrodes. FIG. 2 is cross-sectional side view of a prior art CSP having
flip-chip interconnections and BGA type external electrodes. 5 FIGS. 3A-3C are side, top, and bottom
views of an interposer according to the present invention. FIGS. 4-11 are cross-sectional views
illustrating methods for forming an interposer accordigg to the present invention. FIG. 12 is a
cross-sectional view of a CSP embodiment wherein a semiconductor 10 die is wire bonded to an

interposer according td'THe bi&MsHRSHAGA! e devRh g e b SSRda Bravlietliustrating a

method of formifgetaenadeiont MG fyffe eliéisabetéassdsgctional view of a CSP embodiment
wherein a semiconductor_ die is flip-chip mounted, to an interposer accordin%_to the present invention.

15 FIGS. 18-20 are crédS:-setyIRsi el oldrayiny Simeidssmimdnatieesne Fic. 17. FIG. 21

is a cross-sectigngkyianeaiai MEMBarclygingamintagasaeaccording to the present invention. FIG.
22 is a schematic diagram of a computer system jncorporating an electronic 20 device having an

interposer according td 1He ptesEn i fidP: BRSO MODER) Y ORIBANRRTIREBE Piifie
INVENTION Asdessiibeaifiddrther detail below, the present invention comprises an interposer for a
semiconductor die pac#ﬁ%f and materials and methods for forming such an £5 interposer. While the

following is described 5 R GRS S O Y S P R AN RS £ SO F MG B (8 O
should be undetgiapditiab tie préssposentiay.also be incorporated into other types of electronic

present invention are G BN TOEHEHE Y5 16 AL SeACHSIY SRS REF HE St ate
exemplaryl nterpaservardboiiRdbisuetiiespaset methivesdomtheisstarhakatod.o simplify the description
of the present InVemIOIEJIGS. 13-16 are cross-sectional views illustrating a method of forming the CSP of
FIG. 12.
FIG. 17 is a cross-sectional view of a CSP embodiment wherein a semiconductor
die is flip-chip mounted to an interposer according to the present invention.
15 FIGS. 18-20 are cross-sectional views illustrating a method of forming the CSP of
FIG. 17.
FIG. 21 is a cross-sectional view of an MCM including an interposer according to
the present invention.
FIG. 22 is a schematic diagram of a computer system incorporating an electronic

20  device having an interposer according to the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
As described in further detail below, the present invention comprises an interposer
for a semiconductor die package and materials and methods for forming such an
25  interposer. While the following is described in terms of an interposer incorporated into a
chip-scale package (CSP), it should be understood that the interposer may also be
incorporated into other types of electronic device packages which are intended to be
mounted to a carrier substrate.
Embodiments of the present invention are described with reference to the
30  accompanying drawings, which illustrate exemplary interposer and CSP structures and
methods for their formation. To simplify the description of the present invention,
common elements of the various embodiments illustrated by the drawings are designated

with like reference numerals. It should be understood that the drawings are not illustrative



common elements of the various embodiments illustrated by the drawings are designated with like
reference numerals. It should be understood that the drawings are not illustrative 7 of actual views of
any particular portion of the actual embodiment structures, but are merely idealized schematic
representations which are employed to more clearly and fully depict the invention. Turning to FIGS.
3A-3C, the general structure of an exemplary interposer 26 5 according to the present invention is
illustrated. Central to interposer 26 is a substrate comprising a flexible core 28 formed of, for example,
a conventional flexible circuit material such as a sheet of polyimide or a polyimide-based material. As

used herein, the RFHRMHIESHNS! FREDALISHMRIEEAR CEHAF ARBRcThadisieh sdysHIES SLHa%ble core 28
to be bent or peséignedertialive lemaathespeiianoiereniivith ehiptaksing muRstaAtY Aamage 10 to

the elements of intergoser 26. A first side 30 of flexible core 28 is formed with a plurality of discrete
protrusions 32 &RIALIRG N EOBstantially perpendicular direction outwardly therefrom, each tipped

with a solder pad 34. AnepREGITIGLSRANIGIde 36nefaflaxiblareorar 8xsnsplasiantigiyselagar and
includes a conductive, routiné; layer 38. As seen .in FIG. 3A interﬁoser 26 further comglsrises conductive

vias 40 extendifg DB ABSBRSTYS ERrRtRnfoiivsbiiet patrahies MRS TIa0es 38uBFEakther,
discrete protrusignspsdinde fleeibilens e §asHR containethihsicand salder RadssSdeamprise

flexible solder pad elements 42. Both flexible solder pad.elements 42 and routing layer 38 may be
used to attach ﬁ’??é?ﬁﬁlg%}%él% ?8%%@?%%{?&@&%’1%@8&%&?8H%%&%@f-déﬁdﬁﬁ% ‘?F?‘Inurm‘;ér detail

below. 20 FIGStesi afekdfle argedigspaChiiedyiaboion andaiapaviens sirtiie iIaksize sihewsw the

arrangement of flexible sqlder pad elements 42 and routhn %Lgyer 38. FIG..3B s ows,aih t flexible

solder pad elerSH<ABOSFERHEHIN G APRLDRRARIANACFOY ArLPRi S8Hs sHasHId 8with

discrete prairusionbe3lciapmediiyiteqioesr pad\Ihvvarylog cosdurtivery ssidfbinetshiawn). As seen in

FIG. 3C, routing layer 38 on second side 36_25 of flexible core 28 is_formed with a plurality of bond
el EEp S

pads 44 in elec USRRSTERHBI TR ds SHRIPEAB AR RIGalsge AFNTY be
located directly afionedliasdofring @ril-@psiandandigoltaiipad ad.shewppayihgndjad ddasonmay be
Gplaced o TR e alnee Cesiol s o by CpIdpRAAE D e e e ey
30 alternate patieFifb3boncdppeieZbdurgrcenthsitesaibliexiieccase ABettaslpidhoeugh flexible

15  core 28 from solder pads 34 to routing layer 38. Together, discrete protrusions 32, the
portions of vias 40 contained therein, and solder pads 34 comprise flexible solder pad
elements 42. Both flexible solder pad elements 42 and routing layer 38 may be used to
attach interposer 26 to a carrier substrate or semiconductor die as described in further
detail below.

20 FIGS. 3B and 3C are, respectively, bottom and top views of interposer 26 showing
the arrangement of flexible solder pad elements 42 and routing layer 38. FIG. 3B shows
that flexible solder pad elements 42 are formed in an array pattern across first side 30 of
flexible core 28 with discrete protrusions 32 topped by solder pads 34 overlying
conductive vias 40 (not shown). As seen in FIG. 3C, routing layer 38 on second side 36

25  of flexible core 28 is formed with a plurality of bond pads 44 in electrical communication
with vias 40 (not shown in FIG. 3C). Bond pads 44 may be located directly above vias 40
in a pad-on-via configuration, as shown by bond pad 44a, or may be displaced or offset to
an alternate location, as shown by bond pad 44b. In this manner the array pattern of
flexible solder pad elements 42 on first side 30 of flexible core 28 may be rerouted into an

30  alternate pattern for bond pads 44 on second side of flexible core 28. It should be
understood that the arrangement of flexible solder pad elements 42 and routing layer 38
illustrated in FIGS. 3B and 3C is only exemplary, as other patterns may be used

depending on the desired location and number of solder pads 34 and bond pads 44 for



understood that the arrangement of flexible solder pad elements 42 and routing layer 38 illustrated in
FIGS. 3B and 3C is only exemplary, as other patterns may be used depending on the desired location
and number of solder pads 34 and bond pads 44 for 8 interposer 26. Likewise, while solder pads 34
are depicted as having a circular shape and bond pads 44 are depicted as rectangular, any shape for
either is possible within the scope of the present invention. Exemplary methods of manufacturing
interposer 26 will now be described with 5 reference tp FIGS. 4-11. As seen in FIG. 4, flexible core 28
is initially provided in the form of a substantially planar sheet of flexible circuit material having a first

continuous laydPSTRASALR LRSS ANAE ﬁﬂ}l Fhmgseesdlsrisietht Jadps AGIESHENIBRS er of

conductive mateiati43RveringdepaaendssiEedbulds Rievingsfodisaiissedoatiokewtanihie woR 28 may
be formed of polyimide or a polyimide-based material, commercially 10 available examples of which
include KAPTOR{HEPFOR & i from DuPont High Performance Materials of Circleville, OR

APICAL(r) polyimide filmdrgsnanakaddighdirehc-Materiatssgoer obRagadenge descapel WRH-EX(r)-S
polyimide film from Ube Industries, Ltd. of Japan. The layers of conductive material 46 and 48 may

comprise, by wiEISHERAMBIESsAakts 0f SRERRFLP et sy Qe 45 BB P RKt dPd S minated to

15 flexible core £8mFln Sushowisithalanitivist of e sgeoncuiayetaicondusty aatetialddare
removed to form the pattern for routing layer 38. Patt rnini%étaf routing layer 38 may be carried out

using a conventB¥AIFhSIuHY ‘éf&ﬁ%}?&‘%@gmm?& 5t SRRSO W BN e bver the
layer of conductivadnatesial A&iandRexpasat ik @pouide3s! radipry i gnargysiapendingaiblbe

Photoresis ate (HEh LAY GAIRRHY DHBLOIE SORIOHE AT e ERAY i F)H B bhectve
material 48(are sulikgtieatiyplemavestdyieclche Ricer efanpolhthedagien sicp mlirsiveipaterial
oo SB35 NEFEES ke ARk A dbyRecSH IR CHE GHRHERBortin o the
layer of conduckivenrMatarihdsipsoliding PasidegdapEr 361 WHERXSWSipgllayeda3slis hattetied, FIG. 5
(designated by MUHKGRAInLL) 14050 At S P EHAT bR B RRE S Tt
gnated by N e r 0 3 1o flexible
core 28 throughwaytifigdayiple3gheets of a metal or metal alloy such as copper, which are laminated to
15  flexible core 28.
FIG. 5 shows that portions of the second layer of conductive material 48 are
removed to form the pattern for routing layer 38. Patterning of routing layer 38 may be
carried out using a conventional mask and etch process, wherein a photoresist (not shown)
is applied over the layer of conductive material 48 and exposed to a source of radiant
20  energy. Depending on the nature of the photoresist (positive or negative), either the
exposed or unexposed areas of the photoresist are then removed, and the uncovered
portions of the underlying layer of conductive material 48 are subsequently removed by a
chemical etchant. If the layer of conductive material comprises copper, for example, a
suitable etching process may comprise alkaline etching using ammonium hydroxide.
25  Thereafter, the photoresist is stripped off, with the remaining portions of the layer of
conductive material 48 providing routing layer 38. When routing layer 38 is patterned,
FIG. 5 shows that the portions of the layer of conductive material 48 overlying the
locations where vias 40 (designated by broken lines) are to be formed are also removed in
order to provide access to flexible core 28 through routing layer 38.
30 As seen in FIG. 6, vias 40 are then formed in flexible core 28. FIG. 6 shows that
vias 40 pass through flexible core 28 and terminate at the first layer of conductive
material 46, which is left intact for the subsequent formation of solder pads 34. One

process that may be used to form vias 40 without removing the underlying layer of



30 As seen in FIG. 6, vias 40 are then formed in flexible core 28. FIG. 6 shows that vias 40 pass
through flexible core 28 and terminate at the first layer of conductive material 46, which is left intact for
the subsequent formation of solder pads 34. One process that may be used to form vias 40 without
removing the underlying layer of 9 conductive material 46 is by cutting through flexible core 28 with a
beam of radiant energy, such as a laser. Based on the materials used for flexible core 28 and the
layer of conductive material 46, a laser wavelength may be selected that will be absorbed by and
vaporize the portions of flexible core 28 in vias 40 while being substantially reflected by 5 the layer of

conductive matERAIREINGRRI RS eHttiReRroreie iR A Jfhy i hrajrsd Wl with highly

uniform and tighiiegntieiied dineRsBnedOEE kavwhPiosessaRIaptosBNIRVIAS Hhe MRy @iso be
used, such as by way of a chemical etchant that selectively etches flexible core 28 without removing

the underlying 159BIHYSBYEHHE tna arrl Mo o1ans BrRmY Bs relefdd it onlblesP s pYigad wet

etch, where a flyighd@-sohetiurisapriRaisldeorovs poviiang effiRxilacanes @8t Naxinecors 28
comprises a polyimide, for example, a solution of potassium hydroxide (KOH) in an ethanol and water

solvent woald bE'S b RRIATENGE GHR! EReNED StisiE it bBdack dy EHpHYE A VR Qtch, using
known reactive iafyeiehingdRiEhMehigdsifthe pracassiyseafondediingsidas 4AHnayndenend, in part,
on the desired pitch of flexible solder pad elements 42 on 15 interposer 26. When the pitch is small,
vias 40 will be OSHY ShHEAATBREAER ANATHCA HGIF EET oL pRERPbg SHAIGRANG YA each

via 40 with a laselenayRetcesirrRid] Sty eripidahasnshiamitauatehing mayebef sditatdgand will
enable vias 40 to be formed more rapidly than with a laser. Once vias 40 have been_cut through
a4t HetBLﬁPE;‘\‘decS *}h

flexible core 28, REY R RRTER B DATRTRYSHERTE S oY AiBi93s and the
portions ofi the |aykioh consplieiiMe rombespbatoRati itk itfosmeas imntriselrr joass83bnpixss 1A-9B

conductive mer B8 a8 BPHRLe] 3180 WAL BB SO O  EHE) WATESF vins
40. Conductive linletsGrcidpisestsb keetliayeatidepasisetanitbin otidsng p2badsimgyecknpirealectroless
plaing roces, L CacES St o b 8006 2. e, clecoppng pocess o
a filler material 5zas[26 pendiegend, ihepaesiiethe Hasaetgrigiicsf fidexitds dlddilierdrariasak 92 oy
15  interposer 26. When the pitch is small, vias 40 will be closely spaced together and the
high tolerances provided by individually forming each via 40 with a laser may be
desirable. For larger pitches, chemical etching may be suitable and will enable vias 40 to
be formed more rapidly than with a laser.
Once vias 40 have been cut through flexible core 28, they are filled to provide
20  conductive pathways between routing layer 38 and the portions of the layer of conductive
material 46 that will be formed into solder pads 34. FIGS. 7A-9B show exemplary
processes for how vias 40 may be filled. In a first process shown in FIG. 7A-7B, a
conductive liner 50 of a metal or metal alloy such as copper is formed onto the interior
walls of vias 40. Conductive liner 50 comprises a seed layer deposited within vias 40
25  using a known electroless plating process, the thickness of which may be added to by a
subsequent electroplating process once the seed layer has been formed. Thereafter, as
seen in FIG. 7B, vias 40 are completely plugged with a filler material 52.
Depending on the desired characteristics for vias 40, filler material 52 may
comprise a conductive or nonconductive material that may be applied in a known fashion,
30  for example, by stencil printing with a squeegee. Examples of suitable nonconductive
materials for filling vias 40 by stencil printing include solder mask or epoxy plug materials
that are commercially available from vendors such as Taiyo America, Inc. of Carson City,

NV (sold under the PSR product line). Examples of suitable conductive materials include



comprise a conductive or nonconductive material that may be applied in a known fashion, 30 for
example, by stencil printing with a squeegee. Examples of suitable nonconductive materials for filling
vias 40 by stencil printing include solder mask or epoxy plug materials that are commercially available
from vendors such as Taiyo America, Inc. of Carson City, NV (sold under the PSR product line).
Examples of suitable conductive materials include 10 conductive pastes that are impregnated with
copper, silver, lead, or other metal particles, commerglly available examples of which include
conductive copper paste (product no. AE3030) from Tatsuta Electric Wire & Cable Co. of Japan and

silver via pluggifgIHEX AR D RAERISIMPEABHFGY HRSPRRES BIBGEISHhE BT SIEh U6 . 5 When
filling vias 40 withthgcahong Heasshied sopdyctviivialatiali dbitiasee copiRMplateghalths formation

of conductive liner 50 may be omitted. Instead, a_canductive filler material 52 ma){ simply be applied

by stencil printifgfte aRtitENPl{RE A HESE R OGSl aE b AP BIESIEYE P18 Ie 9B show

another exemplafteRr0casddor fling10pg i biedsing bsemmniaml eJectiplatimg. process. Using
this 10 approach, FIG. 9A shows that electroplating material 54 in the form of a metal or metal alloy

such as copper may be'dEPSLIHRS ViAtiA Vidk %6 tRPESEFIHPaIBYEBEERRIAS: tHE Hfderlying layer

of conductive mgigialgtancasiegshagxpagadnnidionsiatrcontdugbee mmiateridhd@adjthin vias 40 to
act as a cathode to attract electroplating material 54, Additional electroplating material 54 is deposited
until vias 40 arecﬁﬂgacﬂﬁet(gﬂfﬁ 3 o'?@éfﬂi‘i’?@%ék}%? 18%&86\}}?‘%’?{@%&9 WH@?JY/QEI 46 have

been filled, FIG idierkirovivibatthaslalyes ofCBIGLE:IFEG 13I8 rali 4B siaywhaatiesredpndorm solder
pads 34. Solder pads 34 may be formed by. using a conventional mask and etch process to remove
bortions of the 1Ae<5 KBrBURR VA AMRHAT A8 i L BHSTE A HEP ALSQNERB HOB6ith respect to

the patterning ofpgif}sauiiRuCdagarsh8wA thhoduesipl g shatia) 38 applcdayver ihadayer ekeonductive
material 46 and [

posed to a source of radiant energy. projected with the desired pattern for solder
s 34, The pHUBILA 1S SHBPELIHRE LS G BHCHSt AR Aa L QBGOSR R cBions for
solder pads 34, tandiiberiygnainiagioeodenedt partionb s the Usirer it coostdurionaietial 46 are
omoved b 0 SIRIECEER AL dpeussed il 6 e o e fton o routng
Discrete protrusieaisr32 Jhay beéiforrledsdnoplayngfmxariip®l Bylapplysdgiatl vias 40 are filled up to
15  the level of routing layer 38 as shown in FIG. 9B.
After vias 40 have been filled, FIG. 10 shows that the layer of conductive
material 46 may be patterned to form solder pads 34. Solder pads 34 may be formed by
using a conventional mask and etch process to remove portions of the layer of conductive
material 46 in the same manner as described above with respect to the patterning of
20  routing layer 38. A photoresist (not shown) is applied over the layer of conductive
material 46 and exposed to a source of radiant energy projected with the desired pattern
for solder pads 34. The photoresist is then stripped off except for the areas overlying the
selected locations for solder pads 34, and the remaining uncovered portions of the layer of
conductive material 46 are removed by an etching process, as previously discussed with
25  relation to the formation of routing layer 38.
Finally, as seen in FIG. 11, discrete protrusions 32 are formed to complete
interposer 26. Discrete protrusions 32 may be formed, by way of example, by applying an
etchant to first side 30 of flexible core 28 that selectively etches the material forming
flexible core 28 and does not remove the material forming solder pads 34. The etching
30  process may comprise a wet etch, such as by applying a KOH solution as described above
with respect to the formation of vias 40, or may comprise a known dry etching process
that uses plasma or laser energy to remove portions of flexible core 28. In this manner,

solder pads 34 act as a mask for the etching process, with the shape of solder pads 34



etchant to first side 30 of flexible core 28 that selectively etches the material forming flexible core 28
and does not remove the material forming solder pads 34. The etching 30 process may comprise a
wet etch, such as by applying a KOH solution as described above with respect to the formation of vias
40, or may comprise a known dry etching process that uses plasma or laser energy to remove
portions of flexible core 28. In this manner, solder pads 34 act as a mask for the etching process, with
the shape of solder pads 34 11 defining the resultantjgrofile of discrete protrusions 32. With circular
shaped solder pads 34, for example, the etching %:ocess may result in discrete protrusions 32

exhibiting a gefsfRIPC i AR daebiitel Ui nGhe VIR AL GRGL 88!8Fb trusions 32,
such as pyramiga®rosmaanipay the achigypebbysalipinestheisaapreipheotiaipadsBbiangd based

on whether an isotropic or anjsotropic etching Process is used. The desired shape for discrete

protrusions 32 A& HENBHPBITA REps s AeRisteAd ikt DIt RepilsxitEURERT pad elements 42,

the flexibility of hetrgteria@nisechiay fiaxibles epcolddnanddhedaypieved tiearisanitMidanapicht solder
pads 34 are to be connected. As an alternative to the above-described structure of interposer 26, it is

also 10 contemBSEPHtnRA 1HE RGP HMIENSF 0N HPEH AL P R B U1 FEF B Sihents 42
may be formed Withaesiiaesingle sipdiofsel gesinads 332 dngdelephisd enonimasts Hexiblreared?8
illustrated in FIG. 4 may be provided withqut the first layer of conductive material 46, and yias 40 are
then formed thrBH@hn%Pg{lB’fégi%?%?% B égfﬁk@ ﬁ%"ﬂ?fg‘tgﬁﬁi’?ﬂﬁﬁﬁﬂ?lﬁ EhisELPIRith respect
to FIGS. 7A-8. Alisynativedythd TaflexibieleosactBumay wnitial o ke iyaisdediyith sbediisidayer of
conductive material 46 as shown in FIG, 4 and, after fE%glré%] vias 40, the firstr%yer. of conductive

material may be comphSt&hA @Hﬁ‘&%ﬁt&ﬂ’ﬁﬁ ERNG Pt AR L ARRIRRSEh 8 B @lribed with
respect tol §1G.cbichijgreafterhitisteedeopeaif isiqiss3a: arectaivaebaasidasieriotitafave with respect to

FIC. L1, bt it e s R 1S mARSe e DBUh ol e 25 e e sk 20 for
flexible solder padielgimentsfitzibrecatieedatliia-acddirFIGubsate: proskivdoshbivitdrediesbingennection
o e erposed s Sl 0 IR e Polusion 0 v Sesetied e
may be incorporatiitlddinubde samelaciiasiadésicebeackayassucioddG@SHRPa.-8. Alternatively,

15 flexible core 28 may initially be provided with the first layer of conductive material 46 as
shown in FIG. 4 and, after forming vias 40, the first layer of conductive material may be
completely removed by an etching process in the same manner as described with respect
to FIG. 10. Thereafter, discrete protrusions 32 are formed as described above with respect
to FIG. 11, but with the ends of vias 40 exposed through flexible core 28 acting as a mask

20  for the etching process. With the structure of interposer 26 wherein solder pads 34 have
been omitted, flexible solder pad elements 42 are attached to a carrier substrate or
semiconductor die by connection to the exposed ends of vias 40 on the tips of discrete
protrusions 32.

Having described the basic structure of interposer 26 and methods for its

25  formation, it will now be shown how interposer 26 may be incorporated for use in
electronic device packages such as CSPs.

FIG. 12 shows an embodiment of a CSP 56 wherein a semiconductor die 58 is
electrically connected to interposer 26 using a wire bond interconnection method.
According to this embodiment, semiconductor die 58 is attached to second side 36 of

30  interposer 26 such that solder pads 34 on flexible solder pad elements 42 are oriented for

attachment to a carrier substrate 100. CSP 56 is attached to carrier substrate 100 by

bonding solder pads 34 to corresponding solder pads 102. Bonding may be effected in



FIG. 12 shows an embodiment of a CSP 56 wherein a semiconductor die 58 is electrically connected
to interposer 26 using a wire bond interconnection method. According to this embodiment,
semiconductor die 58 is attached to second side 36 of 30 interposer 26 such that solder pads 34 on
flexible solder pad elements 42 are oriented for attachment to a carrier substrate 100. CSP 56 is
attached to carrier substrate 100 by bonding solder pads 34 to corresponding solder pads 102.
Bonding may be effected in 12 any conventional manyer, for example, by using solder paste or a
conductive or conductor filled adhesive to form a joint hetween solder pads 34 and solder pads 102.

With this packadBcHRGaREhTHBRMAIdCSHIEPRISPEIBHHIESI9S BRsKigb P e SBRKERTCSP 56

and carrier subgirpie aHBesthatoresames: thevwayiously hdaescHhesopiatemss @ssociated with prior art
LGA and BGA external electrode structures. The compliant nature of the material forming flexible core

28, for example, allows ¥iEkiBig Paciiagr g gissendlavtls splderBad dratehe s iRreXidsition and

contraction betwgefLarransuhsisred AR angditheuwarnentsoah s SRead mihodtihkeieeayrrence of high
internal stresses. Unlike the rigid LGA and BGA electrade structures, flexible solder pad 10 elements

42 are also bl F5 GRS SHGRMARAHAE IR PHRERE A hard RO At b SERe o AHEG RS in

distance betweerhiienpsseit 26nab @AY thsvabiuieidOfdkiale oy % fausathpy waspedlexibreven
surfaces. Furthermore, hecause fI%%dble s%er.pad (%Iements are formedft’)l'y etching the material of
ey "

flexible core 28 SHES BB AeHsAtHF BN R B SHHTASHAMY BYS5Raching solder
balls, and may kerfvineeshthbe Wiih pitche seh2ab s ESEr IelawodntRxenptant éngtiigh @idarining CSP

30 of merposer ST IS BFARD b ALSRAN S O AU 3E2Un PAE S Becrcaly
isolated from roeféng:nivyir 238 aRs ablisteadetbim ShghthdindirleciticdayeeGdis izethto cover the central
moncing. Dilecihe AYEY S A9 BT B9 66 EHER BN H-F Sl B8 SR A0 T
commercially availablecaoidebinasksedesaiibechabduecwitfuraspecttotiitensataisieSaldhgwever, other
chows that once BISTAARTAYEH B SR LRI A A 52 S et ARG Lo ke
and gold may optidinatiylpedassziag mvelvdbwitiphamd anattachier padis B4k ampriewebw &itatadity to
solder, It dgsired of reIKIESr 0.25 mm or below.
An exemplary method of forming CSP 56 is shown in FIGS. 13-16. First, FIG. 13
shows that a dielectric layer 60 is formed over second side 36 of interposer 26 in order to
provide a semiconductor die mounting location that is electrically isolated from routing
layer 38. As illustrated in FIG. 13, dielectric layer 60 is sized to cover the central area of
20  interposer 26 while leaving bond pads 44 of routing layer 38 exposed for subsequent wire
bonding. Dielectric layer 60 may be formed by deposition of a material such as one of the
commercially available solder masks described above with respect to filler material 52;
however, other materials may be used as long as they exhibit the desired dielectric
isolation properties. FIG. 14 shows that once dielectric layer 60 is formed, metal
25  plating 62 such as sequential layers of nickel and gold may optionally be formed over
bond pads 44 and solder pads 34 to improve wettability to solder, if desired or required.
Application of metal plating 62 may be accomplished using an electrolytic or electroless
plating process as known in the art. Thereafter, FIG. 15 shows that semiconductor die 58
is mounted to dielectric layer 60 with a double-sided tape 64 coated with an adhesive on
30  both sides such as KAPTON® tape, or other adhesive material, and wire bonds 66 are
formed between bond pads 44 of routing layer 38 and bond pads 68 of semiconductor
die 58. To complete CSP 56, FIG. 16 shows an encapsulant 70 of, for example, a

silicon-filled polymer-based molding compound, applied using a conventional technique,



Application of metal plating 62 may be accomplished using an electrolytic or electroless plating
process as known in the art. Thereafter, FIG. 15 shows that semiconductor die 58 is mounted to
dielectric layer 60 with a double-sided tape 64 coated with an adhesive on 30 both sides such as
KAPTON(r) tape, or other adhesive material, and wire bonds 66 are formed between bond pads 44 of
routing layer 38 and bond pads 68 of semiconductor die 58. To complete CSP 56, FIG. 16 shows an
encapsulant 70 of, for example, a silicon-filled polymegr-based molding compound, applied using a
conventional technique, 13 such as transfer molding,.over the second side 36 of interposer 26 to seal

routing layer 385USBANUBRIGEBP YIRS VShIiFEBIL 68 RIS 78 (AL SHRIINERS FIG. 17

shows an embogifiebh@i e HP 582 MBSVBINR RRBERBAUEOs Rieuhdiis: eleaisiaaltconnected to
interposer 26 using a fli -Cf}i interconnection method. 5 According to this embodiment, semiconductor
r

die 74 is attached to sbl 249G ARSI Rh & /Sl rhite ﬁﬁ?rﬁﬁﬁrﬁ&ﬁﬁ"b@ﬂg 2 of routing

layer 38 are oriiieglifanyaldasbmanbtm@paseercunat ataigRfipAsterenIBcile ndefhdadSP 74 may be
attached to_carrjer substrate 200 by honding balls or bumé)?s] 76 formed on bond pads 44 to

corresponding OfGEFPAHLY 3/ cBRRSIBIBhR RSl L ATise Uarier & spldshaadtive b or
conductor filled aghbri¥eldnganalaeniorneshan@idgitachadiedend Raasidhis @snteortentional
manner. Using this package configuration, flexible solder. pad elements 42 provide an interface
between semicélﬁtaif}%%er“&?‘g F5°5 ﬁlﬂﬁéﬁlﬁ%ggp%%ﬁﬁw Efﬁﬁgﬂééé)n%ﬁ%%e&éﬁ?ﬁ%%% situations
where the coplanarity aftseanczomibictamndias/éhis anbasys, o foihesn sifessdpugediy different
expansion coefficients between . 15 semiconductor die 74 and interposer 26 is a concerp. An
eomplany met Ot OO B P33T Lot TSPy AOSB AT RS ST ChoA A BAEASal plating
78 such as®equertaliryarfiidiakeliandugdldanby foentedosdr axasHeand wadspdds andsaiger pads 34
in the same manner descriped with respect to CSP 56 if pecessary. or, esir%Ple todingéarove wettability.
A solder mask 69 DI RE0ke Rl AR SR SoP RN S BETHh By LS e to

second side 36 plovidetposer2oddgiaiact anidiaalaterdtingalayrtafowitbéddipads 44 being left
exposed for subse uent.attachrgeglt tOT? rrjersul:‘strate 200, Thereatfter, in FIG..19, semiconductor
die 74 is mountSdYSEHHAP BER S 4S5y Al AR R ERICP & SAREOAEHCRS T BBRE Bhds 82 using
a solder paste atiotheis eansiuelivewiicontdyctvestiled didfesivexpatdoakastlbiknovsvindhe art. FIG.

19 shows igat the spaces bet egn se .iconductgr die 74 and
semiconductor die 74 and interposer 26 1s a concern.

An exemplary method of forming CSP 72 is shown in FIGS. 18-20. First, FIG. 18

shows that metal plating 78 such as sequential layers of nickel and gold may be formed
over bond pads 44 and solder pads 34 in the same manner described with respect to
CSP 56 if necessary or desirable to improve wettability. A solder mask 80 of the type
20  described with respect to dielectric layer 60 may also be applied to second side 36 of
interposer 26 to protect and isolate routing layer 38, with bond pads 44 being left exposed
for subsequent attachment to carrier substrate 200. Thereafter, in FIG. 19, semiconductor
die 74 is mounted to solder pads 34 by flip-chip attachment of semiconductor die bond
pads 82 using a solder paste or other conductive or conductive filled adhesive material as
25  known in the art. FIG. 19 shows that the spaces between semiconductor die 74 and
flexible solder pad elements 42 may optionally be filled with an underfill material 84 to
seal the underside of semiconductor die 74 and reinforce the attachment with
interposer 26. Application of underfill material 84 may be accomplished, by way of
example, using a conventional capillary-flow filling process. Underfill material 84 may
30  comprise any conventional nonconductive adhesive material. Alternatively, underfill
material 84 may comprise an anisotropic or ‘“Z-axis” conductive material, in which case
semiconductor die bond pads 82 may be electrically connected to solder pads 34 by

underfill material 84 itself. Once semiconductor die 74 has been mounted, FIG. 20 shows



flexible solder pad elements 42 may optionally be filled with an underfill material 84 to seal the
underside of semiconductor die 74 and reinforce the attachment with interposer 26. Application of
underfill material 84 may be accomplished, by way of example, using a conventional capillary-flow
filling process. Underfill material 84 may 30 comprise any conventional nonconductive adhesive
material. Alternatively, underfill material 84 may comprise an anisotropic or "Z-axis" conductive
material, in which case semiconductor die bond pads;32 may be electrically connected to solder pads
34 by underfill material 84 itself. Once semiconductor die 74 has been mounted, FIG. 20 shows 14

that an encapsUfieBESGRRUANES steherhBi R peligiRrek noluaar ey LeRpemaaedien applied

over the first sid@cOaphliRtEsRestk 20siaise Bierikiasaideranadclemegime dddanshsemisansugtor die
74 from the surrounding environment, and balls or bumps 76 are formed on or attached to metal

plating 78 and BB FAES U UG & eV 1BE ST PSR D SNy IEP M 37 I Eb RYGRBLidA Hito

individual CSPsaemé@nsh ot -aadiseipasenpsaandng iadhemrpaentinvention may be used for other
types of electronic device packages. FIG. 21 shows gne such electronic_device package in the form of

a multichip tnodule (MY BESSKLREdR iFFBRS! B9ingISRNES it RIRROLHFAHHAJREN 8 Having a routing
layer 38 and flexiBia; s6lded padieliamgotede anafigukethéqrdlrlpsikically monbeatinpondiile
semiconductor dice 9%. FIG. 21 %Iso shows thatn]ailgeb([:éronic componegts 94 other than seggiconductor
dice, such as pA¥Rfo&TESETIUC (QRETRATEAEH; IS AIESUSE RIRTABIS HFMCIRSESS ™

mounting to intefea®en P .aRafRiciig ool (RR- M BgedsiscancormpGien syatamns3Gaclnasinaludes an
input device 302 and an gutput device 304 coupled t cessor device 306, yhich,.in turn, is 15
euplon 1o 5 o B UGB SOPTR F A A DTS S S Lt e B s B various
embodimerits theseeicas idosisatag indipldregnitaRlut dadideln. Alltpaghitssesendinvention has
been described with resfﬁect to the illustrate embodim%nts v(iirious dditions, deletions and

modifications ard oM mMPIEIRP S et EhithiR REEEoR uGEn diege N 2RI HiARSRAS aside from the
above-describedapatyionider 26kfitmssmayybeésosedidudexinl®cves3dithimthe scoperpdshedpresent

invention, as long as they exhibit sired flexibility and have the bility to be etched or
ot chaned 1o NSRBI <o ta St bl U RS TR S AL PBE s boon
illustrated as beilegicoaligundchiasdipimdegiec S04 e dd, ti isppassiaiedhatapomtetpcdsdan @ecdsding to

e e e 2 D PR ok S o e A IR e SRS ¥R lary CSPs 56 and 72,

or various embodiments thereof, as illustrated in drawing FIGS. 12 and 17.

Although the present invention has been described with respect to the illustrated
embodiments, various additions, deletions and modifications are contemplated as being
within its scope. For instance, other materials aside from the above-described polyimide

20  films may be used for flexible core 28 within the scope of the present invention, as long as
they exhibit the desired flexibility and have the capability to be etched or otherwise shaped
to include flexible solder pad elements 42. Likewise, while interposer 26 has been
illustrated as being configured for forming a single CSP, it is possible that an interposer
according to the present invention could be configured to receive multiple semiconductor

25  dice and then singulated for simultaneous formation of multiple CSPs. Furthermore,
while FIGS. 12 and 17 illustrate CSPs 56 and 72 wherein interposer 26 is attached to a
carrier substrate 100 or semiconductor die 74 by way of solder pads 34, as described
above, solder pads 34 may be omitted and carrier substrate 100 or semiconductor die 74
may be directly bonded to exposed ends of vias 40. The scope of the invention is,

30  therefore, indicated by the appended claims rather than the foregoing description. Further,
all changes which may fall within the meaning and range of equivalency of the claims and

elements and features thereof are to be embraced within their scope.



25 dice and then singulated for simultaneous formation of multiple CSPs. Furthermore, while FIGS. 12
and 17 illustrate CSPs 56 and 72 wherein interposer 26 is attached to a carrier substrate 100 or
semiconductor die 74 by way of solder pads 34, as described above, solder pads 34 may be omitted
and carrier substrate 100 or semiconductor die 74 may be directly bonded to exposed ends of vias 40.
The scope of the invention is, 30 therefore, indicated by the appended claims rather than the foregoing
description. Further, all changes which may fall within the meaning and range of equivalency of the
claims and elements and features thereof are to be embraced within their scope. 15 CLAIMS What is
claimed is: 1. An electronic device package, comprighéﬂ\ésan interposer comprising: a substrate
having a first side and an opposing, second side and comprising a flexible core material; at least one
flexible solder pad element on the first side of the substrate, wherein the at least one flexible solder
pad element co te protrusion 10 of the flexible core material extending in a

substantially perpendiqular disgctiepn@uivwasdiycfpaoxibe Bsstsidmef the substrate and a solder pad on
a tip of the discrete protrusion; a conductive via extending from the solder pad of the at least one
flexible solder FAdMFERRETHFMRESREond side of the substrate: and 15 a conductive routing layer on

the second side of the syihsiraiehainga aiiesat ane shopgRat slesnicalll aanresaiptisiasdhe solder pad
of the at least one flexible soécfjgr ad element by the conductive via; and at least one semiconductor

die mounted to and electrical e Bt interposer. 20 2. The electronic device package of
claim 1, wherein the ahigasi one fleeibicosiductad dlertkat daakt atialy eneaseabswitbjmwasrencapsulant

material. 3. The electronic deyice package of ¢claim 2, wherein the encapsulant material comprises a
Bolymer-based molding compeuHAE S i LIEQH e EH IEE B SR £ G e a
least one BEmiconductor dieds datefttsidslyccennaettd éoithdi it erpasesiaytallepsipendicite bond
direction outwardly from the first side of the substrate and a solder pad on a
tip of the discrete protrusion;
a conductive via extending from the solder pad of the at least one flexible solder
pad element to the second side of the substrate; and
15 a conductive routing layer on the second side of the substrate having at least one
bond pad electrically connected to the solder pad of the at least one flexible
solder pad element by the conductive via; and

at least one semiconductor die mounted to and electrically connected to the interposer.

20 2. The electronic device package of claim 1, wherein the at least one

semiconductor die is at least partially encased within an encapsulant material.

3. The electronic device package of claim 2, wherein the encapsulant material

comprises a polymer-based molding compound.

25
4. The electronic device package of claim 1, wherein the at least one
semiconductor die is electrically connected to the interposer by at least one wire bond
extending between at least one bond pad of the at least one semiconductor die and the at
least one bond pad of the conductive routing layer of the interposer.
30

5. The electronic device package of claim 4, wherein the at least one
semiconductor die is mounted to a dielectric layer overlying the conductive routing layer

of the interposer.



extending between at least one bond pad of the at least one semiconductor die and the at least one
bond pad of the conductive routing layer of the interposer. 30 5. The electronic device package of
claim 4, wherein the at least one semiconductor die is mounted to a dielectric layer overlying the
conductive routing layer of the interposer. 16 6. The electronic device package of claim 5, wherein
the dielectric layer comprises a solder mask. 5 7. The electronic device package of claim 1, wherein
the at least one semiconductor die is electrically conngcted to the interposer in a flip-chip
configuration by a bond between at least one bond pad of the semiconductor die and the at least one
bond pad of the interposer. 10 8. The electronic device package of claim 7, further comprising an

underfill material fillingsa spatadebyesiidaeatdeask anesentieondusiRitligeanddbeisesend side of
the substrate of the interposer. 9. The electronic device package of claim 8, wherein the underfill

material 15 corfipPRESes A ST ally conductive material. 10. The electronic device package of
claim 1, wherein the at least one flexible solder pad element of the interposer is attached to a carrier
substrate. 20 11. The electronic device package of claim 1, wherein the at least one bond pad of the

conductive Touting layer of the MGtElsEeE SRR I8eLESIEY bubherata the 3t EAY 8Sctronic device
package of claifehisheneioratidaasicone aiyRemfcleastomne heagRadiohthpcandustiveraisingylayer of

the interposer and the solder pad of 25 the at least one flexible solder pad element of the interposer is
coated with at | rlﬁiﬁet%%aé Hhetsl 8?‘3%@1‘5[{ tﬁﬁ&‘?ﬂ%‘?r‘gﬁg@ig&‘?r‘?}‘?ﬂﬁﬁ&?%@%%ﬁiﬁ@ f claim

1, wherein the aideastianatspaiigonductor die comprises a plurality of semiconductor dice mounted to
and electrically 30 connected to the interposer.
10 8. The electronic device package of claim 7, further comprising an underfill
material filling a space between the at least one semiconductor die and the second side of

the substrate of the interposer.

9. The electronic device package of claim 8, wherein the underfill material

15  comprises an anisotropically conductive material.

10. The electronic device package of claim 1, wherein the at least one flexible

solder pad element of the interposer is attached to a carrier substrate.

20 11. The electronic device package of claim 1, wherein the at least one bond

pad of the conductive routing layer of the interposer is attached to a carrier substrate.

12. The electronic device package of claim 1, wherein at least one of the at
least one bond pad of the conductive routing layer of the interposer and the solder pad of
25  the at least one flexible solder pad element of the interposer is coated with at least one

layer of a metal or a metal alloy.

13. The electronic device package of claim 1, wherein the at least one
semiconductor die comprises a plurality of semiconductor dice mounted to and electrically

30  connected to the interposer.



