-1- 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 July 2004. 10 TECHNICAL FIELD The present invention
relates generally to packaging of electronic devices in the form of
semiconductor dice. More particularly, the present invention relates to
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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 methods for forming the
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circuitry within the die itself. Due to the materials used and the intricate
nat%%‘ﬂ?’g‘g%truction, semiconductor dice are highly susceptible to
physical damage or contamination from environmental conditions
including, for 25 example, moisture. In order tQ protect a semiconductor
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of the, semic nglucilor die %re.electrically connected to bond pads on a -2-
and methods for forming the interposer.

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



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 capnections are made. Typically, a
CSP is then mounted to a carrier substrate, such as a circuit board
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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.



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 semiconductor die, interposer, and carrier substrate
generate heat. This heating results in thggexpansion and contraction of all
of these components as 5 temperatures rise and fall. Because the
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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,



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 sulpstrate may vary, -4- and the
rigid construction of LGA or BGA type external electrodes in contact with
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electrodes at wider spaces. In view of the foregoing, what is needed is an

intEASBSETHBA S AhTIRBAYGE RBACES IS Y BERSG LSRRy Sl glgcrgodes at wider
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associated with the prior art external electrode structures used to mount
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electronic _device packages is disclosed, as well as electronic device
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interposer of the present invention is more readily able to accommodate
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simplified over prior art interposer methaods that require additiona

pro‘géeégﬁarto TGRSR @aw&%lﬁﬁeé rl?rﬁ%lf*%’ié’éfh&’ Bisthatpiragome

In enedembadinenbabibepithseidrinveniionl thiedntneaRnaenMises &s flexible
e iR 1 e SR seeond g s conpist
15 sechaithsldedatEisussiestiates wheseiniieaifleasidoe diexibiesatdeopad
element coméagis 'S a 'screte 25 rotrus'%r} pfé[\f/]_e flexible core mat rialin the
AL R Cy 5 LT ARG DRAEy o e
firsflsidel cof dhierpridsiiate @ dsen soldet pad ofcartipnafditia 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
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.



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. -5- In further
embodiments of the present invention, the interposer is incorporated into

an electropi¢ e@yicaPRakasvindRédaash CaRiSEHE ML i8ncorporated
mounted to and electrically connected to the interposer. According to one
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package, the at least one semiconductor die is electrically connected to
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second Iag r of conductive material; patterning the second layer of
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20 having 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



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 tlge substrate. 30 According to
further methods of the present invention, electronic device packages are
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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
15 CSP having flip-chip interoESERIPNEANOBORAYPENGSernal electrodes.
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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 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.



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 apggsnicRngysierliedscflprahiRmonntedRanniRiBHRARTbrming the CSP
according to the present invention. -7- FIGS. 18-20 are cross-sectional
vieﬁstﬁﬁs]cﬁating a method of forming the CSP of FIG. 17. FIG. 21 is a
cross-sectpnal View @bansdddanaiidinthaniater pritircandiegdetheeording
present invention. 5 FIG. 22 is a schematic diagram of a computer system
incBHISTRERGL NGRS bNic device having an interposer according to the
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described in further detail below, the present invention comprises an 10
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for forming such an interposer. While the following is described in terms
of an interposer incorporated into a chip-scale package (CSP), it should
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15 representBiitiesliviial e thepiployeidtontion 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
20  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
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 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
30 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



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 afgpolyimide or a polyimide-based
material. As used herein, the term "flexible" means any material that
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therein, and solder pads 34 comprise flexible solder pad elements 42.
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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



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. Likewise, while solder pads 34 are
depicted as having a circular shape and lgond pads 44 are depicted as
rectangular, any shape for either is possible within the scope of the

pregemt KiYRRH PN R-T Sexavnilaiynethed ahaanufectukino P RESS h8Rimide
will now be described with reference to FIGS. 4-11. As seen in FIG.
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polyimide-based material, commercially available examples of which
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alloy such as copper, which are laminated to flexible core 28. 5 FIG. 5
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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
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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. As seen in FIG. 6, vias 40 are
then formed in flexible core 28. FIG. 6 shgws 20 that vias 40 pass
through flexible core 28 and terminate at the first layer of conductive

maggriad &6 wWRiGhIésclaE Mtashistidie pepaaaueThiesmabe) sisatdsr gads
34. One process that may be used to form vias 40 without removing%ige
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materials used for flexible core 28 and the layer 25 of conductive material
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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
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
Development Co. of Chicago, IL.



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 layer deposited within vias 40 using a known
electroless plating process, the thicknesg pf which may be added to by a
subsequent electroplating process once the seed layer has been formed.

ThereafteyypsnsaEAIN G0 (Bihvias A0 acsentletehdnlige eshwiinia fillehlso
material 52. 20 Depending on the desired characteristics for vias 40, filler
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levgcles?}cerc?g}llt?e%%&e go%gefa%asdg%\ﬂ.n ﬂngl)EdtgrBe'sist is then stripped off except for the
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



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 same manner as
described above with respect to the pattgrning of routing layer 38. A
photoresist (not shown) is applied over the layer of conductive material 46
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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.
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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-8.1 Alternatively, flexible core 28
may initially be provided with the first layer of conductive material 46 as

shown in fifsh dhiapdeiafierctamnandastHishedistpyeeribacangistive an
material may be completely removed by an etching process in the same
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empadinenicefianChil by whereinod-sericenduatan disthiioeieathitatyposer 26
connggﬁted to interposer 26 using a wire bond interconnection method.
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tlive or conductor filled adhesive to form a joint between solder
pads 34 anfl salaetipadshod.oflBriviih CSB PaskagevaeniigGstion] 6. First,
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andentral area of 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 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 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



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 angarrier substrate 100 that may
be caused by warped or uneven surfaces. Furthermore, because flexible

soleRRas *IpHanS pmse dorpadaw slebing thanmatesirholfiex e eRling,
28, they do not require the additionalé)gfgcessin involved with forming or
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belgy. WA K50 BrafY teiheeuatifesnsing §aaRne6 is shown in FIGS.
13-16. First, FIG. 13 shows that a dielectric Ia%/%(/-:'r 60 is formed over
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illustrated in FIG, 13, dielectric layer 60 is sized to cover the central area
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be formed over 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



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.
According to this embodiment, semiconductor die 74 is attached to solder
pads 34 on flexible solder pad elementsi42, and bond pads 44 of routing
layer 38 are oriented for attachment to a carrier substrate 200. As seen in

FIGnkduGPof 22naysbecidashediatsalliar wHRRELE 200 tindensing: bond

balls or bumps 76 formed on bond pads 44 to 10 corresponding solder
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pads 44 in any conventional manner. Using this package configuration,
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exemplary method of forming CSP, 72 is shown in FIGS. 18-20. First,. FIG.
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of interposer 26 to protect and isolate routing layer 38, wi p 44
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die.74 and flg ible solder pad elements 42 may optionally be filled with an
und&fii%Atérial 84 to seal the underside of semiconductor die 74 and
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corisprsgladyocoriveaitionad 3t creocctiegadhesivenanateradxemplary CSPs 56
20 ASIBIYely, underti] material &4 may COmMRISE A 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, 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



-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 an encapsulant 86 such as the
aforementioned polymer-based molding.ggmpound is then applied over
the 5 first side 30 of interposer 26 to seal flexible solder pad elements 42
anduIRmIEONIHS QEntli dh EONIINPASHEPHO HIRGEBNVRINAN BN PO DaHgs T

bumps 76 are formed on or attached to metal plating 78 and bond pads
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invention may be used for other 10 types of electronic device packages.
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5 muigeRipnmedleviMEMids8sdpseen 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 be omitted and carrier -16- substrate 100 or
semiconductor die 74 may be directly bapgled to exposed ends of vias 40.
The scope of the invention is, therefore, indicated by the appended claims
rather than the foregoing description. Fugthgs all changes which may fall
within the meaning and range of equivalency of the claims and elements
and features thereof are 5 to be embraced within their scope. -17-
CLWVMSEis\Whiatdg laimed is: 5 1. An interposer configured for
incorporation into an electronic device package, comprising: a substrate
having a first side and an opposing, second side and comprising a flexible
5 core mateyial; at AgaskapsstexdiecsntdabpmdsRmach andha sreabmisiRice

of the substrate, wherein the 10 at least one flexible solder pad element
compiress SAREEkIRS protrusion of the flexible core material extending in a
substabdirily meqpeadieitlsiddiiggiarpppuimardbe drsi el Fosige i dheflexible
substrate and a solder pad on a tip of the discrete protrusion; a
conductivefd8¢EAting from the solder pad of the at least one flexible
solgeepadnd Belpmrentder el srReanf sidacdhmsviastinide 306k ate, wherein the
conductive routing layer on the second side of the substrate having at

10 st one HAHE PH SIS EBHMEISEE PP ESRIGH ot B g the
one flexibfe: spldeorpathelementiyiiiencondietittiNiapstfedditiRr direction
interposer of clajm 1, wherein the flexible core material comprises a she
of poly B P Bl A HBS 0 ARATGETS P AL P& 17 of the
wherein tagatiepssansgohpnd pad of the conductive routing layer is

located directly over the conductjve vjg in a -on-via :
acon uctlveywa extengmg rom the soi er padD (?fdthe at least one flexible solder pad

15 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 conductive via.

20 2. The interposer of claim 1, wherein the flexible core material comprises

a sheet of polyimide or polyimide-based material.

3. The interposer of claim 1, wherein the at least one bond pad of the
conductive routing layer is located directly over the conductive via in a pad-on-via

25  configuration.

4. The interposer of claim 1, wherein at least one of the conductive routing
layer and the solder pad of the at least one flexible solder pad element comprises a
layer of a metal or a metal alloy laminated to the flexible core material.
30
S. The interposer of claim 1, wherein the conductive via comprises a

conductive liner of a metal or a metal alloy surrounding a filler material.
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25 configuration. 4. The interposer of claim 1, wherein at least one of the
conductive routing layer and the solder pad of the at least one flexible
solder pad element comprises a layer of a metal or a metal alloy
laminated to the flexible core material. 30 5. The interposer of claim 1,
wherein the conductive via comprises a_.ggnductive liner of a metal or a
metal alloy surrounding a filler material. -18- 6. The interposer of claim 5,
wherein the filler material comprises a nonconductive material. 5 7. The
interposer of claim 6, wherein the nonconductive material comprises a
solder mdk or e ATBPIFEE ALINS S TRBersHR D6 SLIeb MG s ARERS A
thenbilepmaataraleasrises a conductive material. 10 9. The interposer of
claim 8, wherein the conductive material comprises a material
impregnated with particles of a metal or metal alloy. 10. The interposer of

claim 1, whereinThe GeRgusive Vid B WHSRMahd AdRBHNG IR il@Erial
material entirely filling a hole throu&h the flexjble core material. it. The

int&BRES AR MK SrRhe ISt RS HRbtrusion of the at least one
flexible solder pad element has a profile comprising one of a truncated
cone, a truncated pyramid, and a cylinder. 20 12. The interpé%fer of ¢claim

1, whereift-at lealPBHEGPUY 8t FUS onehSEHE BsHlST i SEHaRtRrses 2
roussiglhayes angkihe solder pad of the at least one flexible solder pad

element is coated with a layer of a metal or a metal alloy.
9. The interposer of claim 8, wherein the conductive material comprises a

material impregnated with particles of a metal or metal alloy.

10. The interposer of claim 1, wherein the conductive via comprises a

conductive filler material entirely filling a hole through the flexible core material.

11. The interposer of claim 1, wherein the discrete protrusion of the at least
one flexible solder pad element has a profile comprising one of a truncated cone, a

truncated pyramid, and a cylinder.

12. The interposer of claim 1, wherein at least one of the at least one bond
pad of the conductive routing layer and the solder pad of the at least one flexible solder

pad element is coated with a layer of a metal or a metal alloy.



