-1- METHODS OF MANUFACTURING INTERPOSERS WITH FLEXIBLE
SOLDER PAD ELEMENTS 5 CROSS-REFERENCE TO RELATED
APPLICATION This is a new application filed under Section 26(11) of the
Singapore Patents Act claiming the earlier filing date of Singapore
Application No. 200404350-1 filed on 29 yuly 2004. 10 TECHNICAL
FIELD The present invention relates generally to packaging of electronic
devices in the fIRTHOEPSIOFWLCIEICE TVRENCAINCLERIPOSERSESent
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semiconductor die, wherein the interposer includes flexible solder pad

elements configured for attachment to a carrier 15 substrate or to the

semiconductor die. The present invention further relates to materials and
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and may include further levels of circuitry within the die itself. Due to the
materidl¥ 6884 and the intricate nature of construction, semiconductor
dice are highly susceptible to physical damage or contamination from

environmental conditions including, for 25 example, moisture. In order to
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BACKGROUND
An electronic device in the form of a semiconductor die or chip is
20  conventionally manufactured of materials such as silicon, germanium, or gallium
arsenide. 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
25  example, moisture. In order to protect a semiconductor die from environmental
conditions, it is commonly enclosed 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,
30  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 an interposer, having substantially the same dimensions as the semiconductor

die. Bond pads of the semiconductor die are electrically connected to bond pads on a



-2- 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 in external electrodes to which.further electrical 5 connections
are made. Typically, a CSP is then mounted to a carrier substrate, such
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20 Further, FIGS. 1 and 2 show there are generally two types of external electrode
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

25  array (BGA) type package, wherein the external electrodes comprise solder ball
pads 22 having solder balls 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

30  disadvantages, especially in terms of the LGA or BGA electrode structures used for

mounting CSPs to a carrier substrate.



30 disadvantages, especially in terms of the LGA or BGA electrode
structures used for mounting CSPs to a carrier substrate. -3- 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 semicondugtor die, interposer, and carrier
substrate generate heat. This heating results in the expansion and
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Because the semiconductor die, interposer, and carrier substrate are
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when forming solder balls 24. The conventional process of printing and reflowing

20  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 about 0.4 mm to ensure reliable
formation without bridging. Furthermore, high I/O CSPs require the use of smaller
diameter solder balls that may not provide a thickness H' sufficient to overcome
thermal induced stress failures. Forming a CSP as a BGA type package also includes

25  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 alloys and are, therefore, rigid. In many cases, one or both of the interposer and

30 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,



or BGA type external electrode structures are typically formed entirely of
metal or metal alloys and are, therefore, rigid. In many cases, one or both
of the interposer and 30 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 reflpw. When this occurs, the
space between the interposer and the carrier substrate may vary, -4- and
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INVENTION 10 In accordance with the present invention, an improved
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associated with prior art external electrode structures. Due to its flexible
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interposer manufacturing process is simplified over prior art interposer methods that
require additional processing to form or attach conventional external electrode
20  structures.

In one embodiment of the present invention, the interposer comprises 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 second side of the
substrate, wherein the at least one flexible solder pad element comprises a discrete

25  protrusion of the flexible core material extending in a substantially perpendicular
direction outwardly from the first side of the substrate and a solder pad on a tip of the
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 a conductive routing layer
on the second side of the substrate having at least one bond pad electrically connected

30  to the solder pad of the at least one flexible solder pad element by the conductive via.



direction outwardly from the first side of the substrate and a solder pad on
a tip of the 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 a conductive routing layer on the second side of the
substrate having at least one bond pad ekectrically connected 30 to the
solder pad of the at least one flexible solder pad element by the

conductive, YighS-dRibmRRLeBPadinents: of thaibre sRNeMRREPR, if@rporated

interposer is incarporated into an electronic device package having at

lealit®AR erHivRGEKIET RAEkARSIIRERSA! KAt eRscriRiRPduriRedistayiRd

interRPSBERaN9TEingctec-ans @BRedivent afabrdpigateniccaedianent of an
pacl}(ﬁa e, the at least one semiconductor die is electrically connected 5 to
© fiﬁ%

SEPYSRASEECONE Hilertiomg ssaurrifgci e snelaciesaty rannected

5 bong tpach@iphierdlearonshsmicpasileiandia apdihenat Rast @R RN Pad of
pad of the conductive routing layer of the interposer. Under this package

emBE RN S HPISAMUHY die et e RIMLRIGPIRS RarSHYs
maytignatiaghed de aneapiss:s bsiaieis bk af GBOIRULRE, GHe ditlbaatte

of a computer system. According.to another embodiment 10 of an

elelPoRIE SRUFERHEIRAAL t dhs RO SHE Y RfcHiROEidP gigagier substrate such
elegiricaihipeeRnoReiabiaiefinteippai Kyadiip-ship cpnsigyratiorhdodiment
bon? between at least one bon%gad1 of the semiconductor die and the ﬁt

10 102t HhE 5599 p 48 YBFsRACK &S &Y. 1987 98F s antadier shrpd alrriiselly

thecahiragidao ehbandrpadointh €ligoridp civié dotatiog bayesoall thaevirter poisast one

is attached tg a carrier substrate. In anothey embodjment of the 15 present

e o et et T et St e et

eleUtihal it sonrregteshimdiheinl eip askast biee prasEid v edioshaigfive routing

discloses.methods for forming the interposer and the elecjronic device

o 0 TREATEFR o RLAESP AU RS e ThBTAAT BPecirment of he
15 intgipesenisdatmed pyptayidingmisskbicaiedeornprisingunfiexiflendaectrically

material 20 having.a first side with a first layer of conductive material and

a sSSP MR NN hd layer of conductive material; patterning the
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20 layﬁerw%g a first side with a first layer of conductive material and a second side with a
second layer of conductive material; patterning the second layer of conductive material
to form a conductive routing layer having at least one bond pad; forming at least one
conductive via extending through the flexible core material between the conductive
routing layer and the first layer of conductive material; patterning the first layer of
25  conductive material to form at least one solder pad overlying the at least one
conductive via; and removing portions of the flexible core material from the first side
of the substrate around the at least one solder pad to form at least one flexible solder
pad element comprising a discrete protrusion of the flexible core material extending in
a substantially perpendicular direction outwardly from the first side of the substrate.
30 According to further methods of the present invention, electronic device
packages are formed by mounting and electrically connecting at least one

semiconductor die to the interposer. According to one method of forming an electronic



25 conductive material to form at least one solder pad overlying the at
least one conductive via; and removing portions of the flexible core
material from the first side of the substrate around the at least one solder
pad to form at least one flexible solder pad element comprising a discrete
protrusion of the flexible core material exggnding in a substantially
perpendicular direction outwardly from the first side of the substrate. 30
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thepesanis@aemvhiich illustrate what is currently considered to be the best
mode for carrying out the invention: FIG. 1 is a cross-sectional side view
of a prior art CSP having wire bond interconnections and LGA type

15 external electrodes. 20 FIGESSRIPEESECHODRISHENGSW of a prior art
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themode for carrying out the invention:
FIG. 1 is a cross-sectional side view of a prior art CSP having wire bond
interconnections and LGA type external electrodes.
20 FIG. 2 is cross-sectional side view of a prior art CSP having flip-chip
interconnections and BGA type external electrodes.
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
25  interposer according to the present invention.
FIG. 12 is a cross-sectional view of a CSP embodiment wherein a
semiconductor die is wire bonded to an interposer according to the present invention.
FIGS. 13-16 are cross-sectional views illustrating a method of forming the CSP
of FIG. 12.
30 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.
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present invention. FIGS. 4-11 are cross-sectional views illustrating
methods for forming an 25 interposer according to the present invention.
FIG. 12 is a cross-sectional view of a CSP embodiment wherein a
semiconductor die is wire bonded to an interposer according to the
present invention. FIGS. 13-16 are crossysectional views illustrating a
method of forming the CSP of FIG. 12. 30 FIG. 17 is a cross-sectional

view of a G568 .aR0GeRIWORIRIAR Y RDITRREMEIQ diR iBoliBAbihing the CSP
mounted to an interposer according to the present invention. -7- FIGS.
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interposer according . to the present invention. 5 FIG. 22 is a schematic
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CARRYING OUT THE INVENTION As described in further detail below,
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Embodiments of the present invention are described with reference to the
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 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
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 term “flexible” means any material that allows at least one portion of flexible
core 28 to be bent or positioned relative to another portion thereof without causing
substantial damage to the elements of interposer 26. A first side 30 of flexible core 28
is formed with a plurality of discrete protrusions 32 extending in a substantially
perpendicular direction outwardly therefrom, each tipped with a solder pad 34. An

opposing, second side 36 of flexible core 28 is substantially planar and includes a



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 according to
the present invention is illustrated. Central to interposer 26 is a substrate
25 comprising a flexible core 28 formed of, for example, a conventional

flexible circuit material such as a sheet of polyimide or a polyimide-based
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seHAMRIEOSATHRRA L Do R Aher Reipiveeer il Bal & vias 40

extendingﬁﬂf@@é@h i@(ﬂ@i&f@&@@&ﬁ%ﬁ%hp@dﬁ?ﬂd@«@tﬂfﬁm@wﬁr 26
38. Together, discrete protrusions 32, the portions of vias 40 containe
thet BT N8 uTaeR gy 32%6%‘?&% RAldE RSl SBIGRE Aad SRtk AT 38-

Botidlexiblpsoldanrask blelesmriisad 2landnoutingd ayenBmay ey yse@m
to attach |nterposer 26 to a carrier_ substrate or semicaonductor die as
10 4o BEFBRATH AREnE) el DS RIS To AT REOHS eS| Dy solder

botam 3nadepyiigwsnalivitarpeser(P@oshiuwng the RERIGEIBEBCfouting
Tofile sgde, b pcmons 1 b outng oy . 1, Se qionoit
firspsideBm efeﬁai@'blegﬁﬁfma&mi@n eusgrﬁ‘ts pmﬂuséﬁﬁs/@aatﬂmpexmyBond
o R RS e e 1o o A e S o
15 plubgliyref hendipatmddte diptiveabeoffimupiaativermitlviadsH) {neiown by
e e IR s s ey baie s 0 .
disﬁiacﬁdecﬁmcﬁfseéﬁiblam@’éem awylb_eaéi@mealsiabmmalteynhe metpead féﬂboﬂﬂ
CidE D B RSO 3K 28 TRAJP s P ochel T P SABPRENG e or
boagangement of flexible solder pad elements 42 and routing layer 38 illustrated in

20  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 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.

25 Exemplary methods of manufacturing interposer 26 will now be described with
reference to 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
layer of conductive material 46 overlying first side 30 and a second continuous layer of
conductive material 48 overlying second side 36. As previously discussed above,

30 flexible core 28 may be formed of polyimide or a polyimide-based material,
commercially available examples of which include KAPTON® E polyimide film from

DuPont High Performance Materials of Circleville, OH, APICAL® polyimide film



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 20 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 interposer 26. Likeyvise, while solder pads 34 are
depicted as having a circular shape and bond pads 44 are depicted as
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present invention. 25 Exemplary methods of manufacturing intearéo_ser 26
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As seen in FIG. 6, vias 40 are then formed in flexible core 28. FIG. 6 shows
20  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
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
25  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 the layer of conductive material 46, which is thereby left intact. In this
manner, vias 40 may be formed with highly uniform and tightly controlled dimensions.
Other known processes for forming vias 40 may also be used, such as by way of a
30 chemical etchant that selectively etches flexible core 28 without removing the
underlying layer of conductive material 46. The chemical etching process may

comprise a wet etch, where a fluid solution is applied to remove portions of flexible



15 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 dgayer 38. As seen in FIG. 6, vias
40 are then formed in flexible core 28. FIG. 6 shows 20 that vias 40 pass
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material 46, which is left intact for the subsequent formation of solder pads
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20 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, 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

25  America, Inc. of Carson City, NV (sold under the PSR product line). Examples of
suitable conductive materials include conductive pastes that are impregnated with
copper, silver, lead, or other metal particles, commercially available examples of which
include conductive copper paste (product no. AE3030) from Tatsuta Electric Wire &
Cable Co. of Japan and silver via plugging material (product no. 1210) from Methode

30  Development Co. of Chicago, IL.



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 15 onto the interior walls of vias 40.
Conductive liner 50 comprises a seed laygr deposited within vias 40
using a known electroless plating process, the thickness of which may be

added to byra:stNRRAHENIGIeRH aRIaBDJNIBR R OBGRITE werliaNes, has also

been formed. Thereafter, as seen in FIG, 7B, vias 40 are completely
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nonconductive material that may be applied in a known_fashion, for
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areas overlying the selected locations for solder pads 34, and the remaining uncovered

20  portions of the layer of conductive material 46 are removed by an etching process, as

previously discussed with 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

25  forming flexible core 28 and does not remove the material forming solder pads 34. The
etching 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

30  solder pads 34 defining the resultant profile of discrete protrusions 32. With circular
shaped solder pads 34, for example, the etching process may result in discrete

protrusions 32 exhibiting a generally conical profile as depicted in FIG. 11. Other



up to 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 15 conductive material 46 in the.game manner as described
above with respect to the patterning of routing layer 38. A photoresist (not

sheimlis aRRIIRGRYBrdhes1axes Dis i dNAYSHIR NASE tahhth anHHosek{Rd by
a source of radiant energy projected with the desired pattern for solder
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protrusions 32 are formed to complete interposer 26. Discrete protrusions
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flexible core %}? and does not remove the material forming solder pads 34.
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structure of interposer 26 wherein solder pads 34 have been omitted, flexible solder pad

20  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
formation, it will now be shown how interposer 26 may be incorporated for use in
electronic device packages such as CSPs.

25 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
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

30  bonding solder pads 34 to corresponding solder pads 102. Bonding may be effected in
any conventional manner, for example, by using solder paste or a conductive or

conductor filled adhesive to form a joint between solder pads 34 and solder pads 102.



contemplated within the scope of the present invention that flexible solder
pad elements 42 may be formed without the inclusion of solder pads 34.
Under this 10 embodiment, flexible core 28 illustrated in FIG. 4 may be
provided without the first layer of conductive material 46, and vias 40 are
then formed through flexible core 28 and plated or filled in the same
manner as described with respect to FIGS. 7A-8. Alternatively, flexible

core 28 mayinitia|padie Ry ovidRg witbnt TR {itsit lay8éqfaeravsiiy g rpateril an
46 as shown in FIG. 4 and, after forming vias 40, the first layer of 15
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central area of interposer 26 while leaving bond pads 44 of routing layer 38 exposed
20  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 plating 62 such as sequential layers of nickel and gold may
25  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 both sides such as KAPTON® tape, or
30  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



5 allows flexible solder pad elements 42 to absorb mismatches in

expansion and contraction between carrier substrate 100 and the

elements of CSP 56 without the occurrence of high internal stresses.

Unlike the rigid LGA and BGA electrode structures, flexible solder pad
elements 42 are also able to deform slightly in the vertical direction,

thereby accommodating variations in distance between interposer 26 10
ancheRiiRl SrhssiateappRctnadiimay Daausas REniRedRhUReMERfer molding,

surfaces. Furthermore, because flexible solder pad elements 42 are )
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may be formed with pitches of 0.25 mm or_below. 15 An exemplary

method of {ohhihi e sP B eTOeligAtA 168, 13viereipd septicondidnpdis 74 is
5 thagiaceielgrtuedayee 66 mtained myesiseeadng-side Rk Rbiniaiasaiedfodn
order to provide a semiconductor die mounting location that is electrically

isofatsardsnioriiting haginess. skifaadugior Fr Pias adneddesridel Ridse4 on

is gieRible soruepiEeleaRiBleadbineHasas 36 vinie: eavins handrads! for
44 of routing layer 38 exposed 20 for subsequent wire bonding. Djelectric

Iay%‘itaéﬁrﬁ‘? B F@%&‘B&?ta%ﬁggﬂioﬁsoﬁ‘eﬁn Mdilial Schta&dhey eiached to
corunsiciabiyravailabieysalaeh peaksod 8saikem ahavel withoraSRestP to
filler material. 52; however, other materials may be used as long as they

10 exf‘ffﬁﬁeﬁ?@‘H}égﬁé‘g%@é‘gﬁ%ogo%ﬂ%oﬁpwg TEGCTAPERB RS tHal Ghee
dieleatlictiayer & dainmerddmeiali phating G2yticfoascgaguantiallamerstohd
nickel and.gold may 25 optjonally be formed over bond pads 44 and .
S S0 AP BBy T PG o G P Dl solde
Appligaliancafsmeialopidting tremay beracaoseplisbadhcusiag a4 eddiieiyiser 26.
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trabsfiirmalding, bond pads 44 and solder pads 34 in the same manner described with

20  respect to CSP 56 if necessary or desirable to improve wettability. A solder mask 80 of
the type described with respect to dielectric layer 60 (see FIG. 13) 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

25  attachment of semiconductor die bond pads 82 using a solder paste or other conductive
or conductive filled adhesive material as 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

30  material 84 may be accomplished, by way of example, using a conventional
capillary-flow filling process. Underfill material 84 may comprise any conventional

nonconductive adhesive material. Alternatively, underfill material 84 may comprise an



over the second side 36 of interposer 26 to seal routing layer 38,
semiconductor die 58, and wire bonds 66 from the surrounding
environment. FIG. 17 shows an embodiment of a CSP 72 wherein a
semiconductor die 74 is 5 electrically connected to interposer 26 using a
flip-chip interconnection method. Accordjgg to this embodiment,
semiconductor die 74 is attached to solder pads 34 on flexible solder pad

elemppisopR @nghRnet Badmdd ehineHnD iavalidBae Rianagfabr die bond

attachment to a carrier substrate 200. As seen in FIG. 17, CSP 72 ma
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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 films may be used for flexible core 28 within the scope of the present

25  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 dice and then singulated for simultaneous formation of

30  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



nonconductive adhesive material. Alternatively, underfill material 84 may
comprise an -15- 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 that afyencapsulant 86 such as the
aforementioned polymer-based molding compound is then applied over

thesBfitstisici® 39 ehinierpassr &6 ta sesl fediRlensaidridnd slparentsmdor

and semiconductor die 74 from the surrounding environment, and balls or
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individual CSPs 56 and 72, an mterE;oser according to the present
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5 FIGo Bd shewsanatslchalectpaic device package in the form of a
multichip module (MCM) 88. As seen in FIG. 21, MCM 88 includes an
interposer 90 having a routing layer 38 and flexible solder pad elements
42 configured for electrically connecting multiple semiconductor dice 92.
FIG. 21 also shows that electronic components 94 other than
semiconductor dice, such as passive 15 resistors, capacitors, or inductors,
may also be included in MCM 88 by mounting to interposer 90. Referring
to FIG. 22, depicted is a computer system 300 that includes an input
device 302 and an output device 304 coupled to a processor device 306,
which, in turn, is coupled to a circuit board 308 incorporating at least one
of the exemplary CSPs 56 20 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 films may be used for flexible core 28 within the scope of the
present 25 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, itis possible that
an interposer according to the present invention could be configured to



receive multiple semiconductor dice and then singulated for simultaneous
formation of 30 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 bejgmitted and carrier -16-
substrate 100 or semiconductor die 74 may be directly bonded to exposed
ends of vias 40. The scope of the invepugmiss, 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
thewlaims anehelagents and features thereof are 5 to be embraced within
their scope. -17- CLAIMS What is claimed is: 5 1. A method of forming an
interposer, comprising: providing a substrate comprising a flexible core

5 material having a\fiisisiderMibandfish layepakeodysiigsmaterial and a
second side with a second layer of conductive material; patterning the . )
sedSAYIRRT SHRGARIRB AR AFI 5 RS Dalraat e e ddiistisgervip a first
having at lgastopaenaaBeveaeiEerning atdeasd eide fanducidvadiayer of
extending through the flexible core material between the conductive
routing Iaf/@?‘gﬁg‘fﬁénﬁ?‘%?ﬁyer of conductive material; patterning the first

laypstefsrdheivenAskabie faancatiaasi-enes Mer Pashaverngithe layer
at least one conductive via; and 15 removing portions of the flexible core

10 material HREHFES'SHE W E&bstrate around the at least one solder
paddieniapnatatdeasiconmdietibievsoldamaat @lemenheabringra digeriale
protrusion of the flexible core material extendjng in a substantially . :
o CAF AT SO A P T e ke S sivagngteral

Thedneattiag bt ¢lainajerviemiduptiovigdingribies ohsirateaomp isader pad

overlying the at least one conductive via; and

15  removing portions of the flexible core material from the first side of the substrate
around the at least one solder pad to form at least one flexible solder pad
element comprising a discrete protrusion of the flexible core material extending
in a substantially perpendicular direction outwardly from the first side of the
substrate.

20
2. The method of claim 1, wherein providing the substrate comprises

providing a sheet of polyimide or polyimide-based material.

3. The method of claim 1, wherein at least one of the first layer of
25  conductive material and the second layer of conductive material is selected to comprise

a layer of metal or a metal alloy laminated to the flexible core material.

4. The method of claim 1, wherein forming the at least one solder pad
comprises forming the at least one solder pad directly over the at least one conductive

30  viain a pad-on-via configuration.



providing a sheet of polyimide or polyimide-based material. 3. The method
of claim 1, wherein at least one of the first layer of 25 conductive material
and the second layer of conductive material is selected to comprise a
layer of metal or a metal alloy laminated to the flexible core material. 4.
The method of claim 1, wherein forming_tlse at least one solder pad
comprises forming the at least one solder pad directly over the at least

one condyctive $RevirelAc BRERART ViawtRASiE WalidmnplBe Secbig mRthed

of claim 1, WhereiFrFJ@patternjng the second layer of conductive material

corf I Yo AT HORRSIS P TR RicbR Ay of BIecRERMLIET Rlahbictve

withhadnastkiang ateh Meeesspo&sd he method of claim 1, wherein
forming the at least one conductive via comprises forming a hole through

the flexible core material with one of a beam of radiant energy and a

5 chemical gtchantrie rhb@saethashef clanerdinyberais fsmingdhenatig@isttive via
one conductive via 10 comprises; formingf a conductive liner around an

intSABIARSR SPHRE & L1BA B ER IIfULHVRTGIO B ARG HA SUBPBRSsINSHNP T

prnggs;t@ﬁ&@mmal@ﬁﬁ@mmmer with a filler material. 15 8. The
method of claim 7, wherein filling the conductive liner with the filler

material comprises applying the filler material with a squeegee. 9. The

method of/claim Thyvhetiesa 6flgithe, cangeiaticentimgrimdtia that Bileconductive via
10 material comprises filling the conductive liner with a nonconductive
mat8i&IS2Y 10. The method of claim 9, further comprising selecting the

nomeaniidclivendnatesidhte aomriseifva@ Btk masksos@cemtive via
filler material. 11. |he method of claim 7, wherein filling the conductive
liner with HSEEE SIS RIS RIMESS #ithg the conductive liner with a

contlligt vecroaieiialvd Andiheimeathiber afatbaian 11, further comprising
selecting the conductive material to comprise a material impregnated with
particles of a metal or a metal alloy.

15 8. The method of claim 7, wherein filling the conductive liner with the

filler material comprises applying the filler material with a squeegee.

9. The method of claim 7, wherein filling the conductive liner with the
filler material comprises filling the conductive liner with a nonconductive material.
20
10. The method of claim 9, further comprising selecting the nonconductive

material to comprise one of a solder mask or an epoxy filler material.

11. The method of claim 7, wherein filling the conductive liner with the

25 filler material comprises filling the conductive liner with a conductive material.

12. The method of claim 11, further comprising selecting the conductive

material to comprise a material impregnated with particles of a metal or a metal alloy.

30 13. The method of claim 1, wherein forming the at least one conductive via
comprises entirely filling a hole through the flexible core material with a conductive

filler material.
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30 13. The method of claim 1, wherein forming the at least one conductive
via comprises entirely filling a hole through the flexible core material with a
conductive filler material. -19- 14. The method of claim 1, wherein forming
the at least one conductive via comprises filling the at least one
conductive via with an electroplating pragess using the first layer of
conductive material as a cathode. 5 15. The method of claim 1, wherein
patterning the first layer of conductive material comprises removing
portions of the first layer of conductive material with a mask and etch

process. 16-16. ThE BRSPS aifink FRAELRITARSIDRRY {5aPtioRS ngstive via

flexibigyeree fimatenial £annrsRToRRIYING AighemisabRichMdadpfocess using
flexible core material. 17. The method of claim 1, further comprising

fortmBrthE s Sf P tadrateartie Heaiidecore material with a profile

comprising one of a truncated 15 cone, a truncated pyramid, and a

cylinder. 18. The method of claim 1, further.comprising plating at least one .
of the at east oldbHBIHEAA S IHB Eo‘ﬁB‘?IElR/Bafgﬁ‘ﬁ FE?/@F%?%V frg@lggonductive

leagtenpis@igpiivacahtvendipshirysopticonduttive snatatat withadayarath a
a metal or a metal alloy. 20 -20- 19. A method of forming an electronic
deﬁ@éﬁﬂ&ﬁ%gﬂi‘bﬁﬁsﬁrising: providing an interposer comprising: a

substrate having a first side and an opposing, second side and comprising

a flexible core material; 5 at Jeast one flexible solder pad element on th
Cecond st of tHVCHRIAS! ABKMHR TR GRS ao ape cor
elemasii SuoPPsess aPBargte cheatitdiontohthe fexibiato inatatahl.
extending in a substantially perpendicular direction outwardly from the

first side of the substrate and a solder pad on a tip of the discrete
protrusion;7. The method of claim 1, further comprising forming the discrete

protrusion of the flexible core material with a profile comprising one of a truncated

cone, a truncated pyramid, and a cylinder.

18. The method of claim 1, further comprising plating at least one of the at
least one bond pad of the conductive routing layer and the at least one solder pad of the

first layer of conductive material with a layer of a metal or a metal alloy.



10 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 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 comductive via; 15 mounting at
least one semiconductor die to the interposer; and electrically connecting

the at leagipone semigREEIBEIBHHiIg:tONtBRIFSRARSTcPackheeMmetipdsaig:
claim 19, further comprising at least partially encasing the at least one

semieO RIS iR RO S AAPER P sulant material. 20 21. The method of

claim 20, fuitbar£omRiisinasalseingdhe epsarsslsetommatigsiahiocomprising a
comprise a polymer-based molding compound. 22. The method of claim

21, wherein eledtié iy <IRmGHE the at least one 25 semiconductor die

5 to the intefplesroreMEXisRSsaltREPHILRNHR SRR belyreidatdedstsiaate,
bond pad of the at least one semiconductor die and the at least one bond

pad of the cond‘d@ﬁ(ﬁér}glﬁmd%?gpﬁﬂﬁi%bﬁ%%]&@ﬁdﬁw FRBMAG b discrete

claim 22, whereigrshasioting thefRiioast @b ena3eHSepicantigGion siddiarihaly
interposer comprises: forminaia dielectric Iaéer overlying the conductive

routing layer of (RERRRIYEEFISHECH AU OB fisidtshnge of the substrate and
semiconductor digdriéhpadielestiic dayey ditetéprdthgitigthod of claim 23,

wherein forming the dielectric layer comprises deposjting a solder mask

10 guer portiBRETFED LSRR Ty 18 s gL~ Togle solder
method of claimpb, aMdaessi foalrecissally e sraatingdhimat ledst one
semiconductor die to the.interposer comprises honding at least pne bon
o of thd O P B AN 1L TS DR e A I G st
interposer in a fligrebimdosalig@ecaiially Lo citheonriboidefpaldin@Sat least one

further comprising filling ace hetween the at least one semiconductor
die and the firstrb%‘élbigf fiﬁgﬁﬁ?ﬁ ?@S?ttﬁé'i TS PESER it %an underfill
15 mat@sialting at least one semiconductor die to the interposer; and

electrically connecting the at least one semiconductor die to the interposer.

20. The method of claim 19, further comprising at least partially encasing
the at least one semiconductor die within an encapsulant material.
20
21. The method of claim 20, further comprising selecting the encapsulant

material to comprise a polymer-based molding compound.

22. The method of claim 21, wherein electrically connecting the at least one
25  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.

23. The method of claim 22, wherein mounting the at least one
30  semiconductor die to the interposer comprises:
forming a dielectric layer overlying the conductive routing layer of the interposer; and

attaching the at least one semiconductor die to the dielectric layer.
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27. The method of claim 26, further comprising selecting the underfill 15
material to comprise an anisotropically conductive material. 28. The
method of claim 19, further comprising attaching the at least one flexible
solder pad element of the interposer to a carrier substrate. 20 29. The
method of claim 19, further comprising attaching the at least one bond
pad of the conductive routing layer of the interposer to a carrier substrate.
30. The method of claim 19, further comprising plating at least one of the
at least one bond pad of the conductive routinﬁg layer of the interposer

and the séftier pade Pactothef f3EnLondaisndrremathedialeqtindespomprises

thedepespsal witkahleRVvePpdauss Of Bdoshaleti v il allg¥r 3iihEhgerposer.
method of claim 19, wherein mounting the at least one semiconductor die

to the interposer comprises mounting a plurality of semiconductor 30 dice
to the interposerThe method of claim 19, wherein 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.

26. The method of claim 25, further comprising filling a space between the
at least one semiconductor die and the first side of the substrate of the interposer with

an underfill material.

27. The method of claim 26, further comprising selecting the underfill

material to comprise an anisotropically conductive material.

28. The method of claim 19, further comprising attaching the at least one

flexible solder pad element of the interposer to a carrier substrate.

29. The method of claim 19, further comprising attaching the at least one

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

30. The method of claim 19, further comprising plating at least one of the at
least one bond pad of the conductive routing layer of the interposer and the solder pad
of the at least one flexible solder pad element of the interposer with at least one layer of

a metal or a metal alloy.

31. The method of claim 19, wherein mounting the at least one
semiconductor die to the interposer comprises mounting a plurality of semiconductor

dice to the interposer.



