1 | NTERPOCSER W TH FLEXI BLE SOLDER PAD ELEMENTS AND METHODS OF

MANUFACTURI NG THE SAME TECHNI CAL FI ELD 5 The present invention rel ates
generally to packaging of electronic devices in the formof sem conductor
dice. More particularly, the present invention relates to enbodi nents of
an interposer for nmounting a sem conductor die, wherein the interposer

i ncludes flexible solder pad el enents configured for attachnent to a
carrier substrate or to the senmi conduct ok die. The present invention

further relates to ‘9%% r h@ber poser.
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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  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

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.



2 Electrically connecting the bond pads of a sem conductor die to the bond
pads of a CSP interposer generally involves using one of two types of

i nt erconnection nmethods, depending on the manner in which the

sem conductor die is nounted. As shown by FIG 1, a CSP 2 is configured
with the first interconnection nethod by nmounting a 5 sem conductor die 4
to an interposer 6 wwth die bond pads 8 in a face-up orientation, and

el ectrically connecting die bonds pads 8 20 interposer bond pads 10 with
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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



different materials exhibiting different coefficients of thermal expansion
( CTE), they expand and contract at different rates during thernal
cycling. This mismatch in thermal expansion rates places stress on the

el ectrode structures joining the CSP interposer to the 3 carrier
substrate, and may eventually cause cracks in the el ectrode structures
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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



probl ens associated with the prior art external electrode structures used
to nmount the interposer to a carrier substrate. 30 DI SCLOSURE OF | NVENTI ON
In accordance with the present invention, an inproved interposer for

el ectronic device packages is disclosed, as well as electronic device
packages including such an 4 interposer. The interposer is fornmed with
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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.



25 interposer. Under this package enbodi nent, the at | east one flexible

sol der pad elenent of the interposer nmay be attached to a carrier
substrate such as a conputer circuit board of a conputer system According
to anot her enbodi nent of an el ectronic device package, the at |east one
sem conductor die is electrically connected to the interposer in a
flip-chip configuration by a bond between at | east one bond pad of the
sem conductor die and the at 30 | east one5 bond pad of the interposer. Under
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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:



sem conductor die to the at | east one bond pad of the interposer in a
flip-chip configuration. Other and further features and advantages wll be
apparent fromthe following 25 detailed description of the invention taken
in conjunction with the acconpanying draw ngs. The foll ow ng exanples are
provi ded for the purposes of illustration only, and are not intended to be
limting. It will be understood by one of ordinary skill in the art that
numer ous conbi nati ons and nodifications afe possible for the enbodi nents

presented herei nFIGgqlﬁﬂ.rF s@g%%j%’ e':‘g\'wt gagg@%/\vﬂg@%bgv%e. g%g i ngs, which
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out the inveintéremnediions-ifd LG Aitgpeaex®ines slesesdes.onal side view of a prior art
CSP having wire bond interconnections and LGA ;rége external el ectrodes.
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i nt er connect jans, andio dNes Shhad chlgsdkodes. 5 FIGS. 3A-3C are side,
top, and bottomviews of an’iInterposer according to the present invention.
FIGS. 4-181 are crE&sS: 3A63G amaideMop\and bbiters viesdsiofign inedrpadsactordifeas eng an

i nterposer according.to the present invention. FIG 12 is a
cross- sect i ONSFIY RGN 3 CSP embodi nent wherein a seniconductor 10 die is
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met hod of¢ f ogRiigire BEndePR &f intefpdser abdordib® the brdséntdnehfigs- Sect i onal vi ew of

an MCM i ncluding an interposer according to the present invention.
FIGS. 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



FIG 22 is a schematic diagram of a conputer systemincorporating an

el ectronic 20 device having an interposer according to the present

i nvention. BEST MODE(S) FOR CARRYI NG OQUT THE | NVENTI ON As described in
further detail below, the present invention conprises an interposer for a
sem conductor di e package and materials and nmethods for form ng such an 25
I nterposer. Wiile the following is described in terns of an interposer
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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



el ements 42. Both flexible solder pad el enents 42 and routing | ayer 38 may
be used to attach interposer 26 to a carrier substrate or sem conduct or
die as described in further detail below. 20 FIGS. 3B and 3C are,
respectively, bottomand top views of interposer 26 showing the
arrangenment of flexible solder pad elenents 42 and routing |ayer 38. FIG
3B shows that flexible solder pad elenents 42 are fornmed in an array
pattern across first side 30 of flexible8core 28 with discrete protrusions

32 t d by; lyi e Vi as: 40, (; hown), As
Soen T h R o bSEE 2@ AdReile WS sHADadl TGN TR K Baskcn e RBEH "5
is formed wi béndpads ¢ atcideyicted abeodnpdatsardrshipe fof eidier isq@bsislo Wit thasdope

with vias 40@t(t'ﬂ0t shown in FIG 3C). Bond pads 44 may be |ocated directly
above vial 48! hf RS IYeROn 5 confi guration, as shown by bond pad 44a, or

may be di spl aced aﬁdfg&{]ﬁ?%' ' . nd pad
44%. I n th!os mnngﬁenﬁ%éeége%dgsggﬁern of @g&@%ﬁi@lﬁ?%{?ﬁ%b@%@?s 42 on
first side 3@faénckitek](.d-dords 26 imdIGhé, fleaitdeitorel28 istinitially praGided inﬁhm?'él eb
attern for pond,pads 44 on second side.qf flexihle core 28. 1t shou e
5nderstood tﬁé?“{fﬁé‘f?iﬁ‘%"&ws efet?ﬁltifi?‘i‘@f’ﬁu?btl’ﬁ%?“aﬁgﬂ"%% FROUAYOUS,
routing | ayelayef cbhduefive Mh@Hali 48 ovkiFing BBt §A&38fnd SscRbidcoatiBlis i’a{g& of8S

other patterns may be used depending on the desired |ocation and nunber of
sol der pads Senduefivetiagieriab48 overlyingsecand sidet3$r Pogqeeviosly disdussed sbovenfietible

sol der pads i-Cct e havi.ng a gircular shape and bond pads 44
are dep!oct edaéga?g}: 2’%5‘5 ae(ra,c’%‘é%lf/’mgﬁ%grea?@W#ﬁ%@?éﬁnggﬁﬁlsnggcwﬂfhi n the
scope  0f0 t havailalle exdmples/ehitictinclgdCKBIPTONE phigHgide il ieos Beltdat Hih
interposer 26 will now be described with 5 reference to FIGS. 4-11. As
seen in FI G Performagss Metgrigls pECugleyille, QR ARIOAL Inyfram Kangkgr m of a
substanti al | y; § | i ' L al- havi LISt
cont i nuous %@e?&gflw %%?@%gﬁ Sgi)%g%%%’?glﬁ’ @g%%msr%ﬂ‘f“%‘g%ﬁ@?ﬁa@“ %eand a
second cont i ndostsied, hyk of Bpan, cBiredaydrs sfscondictive aiateﬁalztgﬁ/a&rdl @mmgq b?l de

36. As previously discussed above, flexihle core may, be forped o

pol yi m ge or V& og‘aﬂﬁ ’a*ée%&g é&’%f’é?ﬁeﬁ‘h 5&%’&%%0&"’?@“’ hani‘IP’é‘BTeé to

exanpl es19f nbiigld chrclgude KAPTONO E pol yinmide filmfrom DuPont High
Performance Materials of Grcleville, OH  APICALO polyin-iide filmfrom
Kaneka | Egh- TechFithtehidws that parionsof tHeased ayer db¢ondwadive bfateriBM3 Se pol yi ni de

. . ' i al
f4|6| ?ngr 2? #gg;nbog/%quérg{‘n R a%tgr%'foro rfouf]u?éjl%)rr]ér 3-£h ?’atlte%é %f I%tﬁﬁé) ﬁ?éjrcfs' r}lle?y bnéat eria

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



way of exanple, sheets of a netal or netal alloy such as copper, which are
| am nated to 15 flexible core 28. FIG 5 shows that portions of the second
| ayer of conductive naterial 48 are renoved to formthe pattern for
routing layer 38. Patterning of routing |ayer 38 nay be carried out using
a conventional mask and etch process, wherein a photoresist (not shown) is
applied over the | ayer of conductive material 48 and exposed to a source of
radi ant 20 energy. Depending on the natur® of the photoresist (positive or
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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



polyin-lide, for exanple, a solution of potassium hydroxide (KOH) in an
et hanol and water solvent would be suitable. Alternatively, the chem cal
etching process nay conprise a dry etch, using known reactive ion etching
(RIE) nethods. The process used for formng vias 40 may depend, in part,
on the desired pitch of flexible solder pad elenents 42 on 15 interposer
26. When the pitch is small, vias 40 will be closely spaced together and
the high tolerances provided by individd@l |y formng each via 40 with a
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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



interiors of vias 40, as shown in FIG 8. FIGS. 9A and 9B show anot her
exenplary process for filling vias 40 by using a conventi onal

el ectropl ating process. Using this 10 approach, FIG 9A shows t hat

el ectroplating material 54 in the formof a netal or netal alloy such as
copper may be deposited within vias 40 by applying a voltage potential to
the underlying | ayer of conductive nmaterial 46 and using the exposed
portions of conductive material 46 withild vias 40 to act as a cathode to
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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



5 sol der pads 34 and based on whether an isotropic or anisotropic etching
process is used. The desired shape for discrete protrusions 32 nay depend
on such factors as the required pitch for flexible solder pad el enents 42,
the flexibility of the material used for flexible core 28, and the |ayout
of the circuitry to which solder pads 34 are to be connected. As an
alternative to the above-descri bed structure of interposer 26, it is also
10 contenpl ated within the scope of the plesent invention that flexible
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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 is applied using a conventional technique



Wth this package configuration, flexible solder pad el enments 42 provide an
I nterface between CSP 5 6 and carrier substrate 100 that overcones the
previously 5 described problens associated with prior art LGA and BGA
external electrode structures. The conpliant nature of the materi al

form ng flexible core 28, for exanple, allows flexible solder pad elenents
42 to absorb m smatches in expansion and contraction between carrier
substrate 100 and the elenents of CSP 5 83w t hout the occurrence of high

i nt er nal I

flexible sol%ﬁﬁ%gg S%I%q@nn‘éﬁ 2eg?rled§§2? o gl?lﬁ:rp !se? %%%@F{l@ﬁltta%%i%h t he
vertical di rmilcmﬂuctbh«heé&wndaﬂmﬂﬂéﬁ ﬁmgtl«easmhndmgenwrodmsmance bet ween
i nt erposer 26 an rrier substrate 10 e caused by rped or
uneven surfaces. dﬁtf‘ué‘i‘%*’é‘enﬂ%’ g"l‘égﬁgpé"rg %?enﬁaﬂld“%‘%%mﬁﬁés are
forrned. by a&&ﬂeeprg chlifeolBR'S Ttéthosdf zéhﬁwg@ﬂ% BitchSnnkdiSy nfbhdaot require

the additional cessing 1nvolved wth'f or attaching sol der balls,
and may e fAna:mding lﬁmwmﬂbodummaemmbnmcﬁfrrdﬁn Bt is btdobed tosoldexpads34op net hod

of form ng 6 in FILGS.,,13-,16 shows,that a
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i solated fromrouting |ayer 38. As lustrated in 13, dielectric

| ayer 60 is samerosubs;ra@mrbytb@edmghaﬂw thmamfomduombencbmieuMm whil e

| eavi ng bond ads 8 eXx sed for sub

bond ng. 01 ef SREPnaolde? Bidsalo: B or el BE PR shBPrRURIETSER ety uc
as one ofgther coeleﬂ&f@;rﬁllealaauesweaéﬂdam)ebesﬁhdaioﬂwﬁ@ctﬁas@bcbﬂdqﬁdﬁmwﬁnw th
respect to filler material however, other materjals be used as

| ong as t heyc@wsntinal mﬁ@eaegﬁméﬁuwaékwtcpnﬁgumm Hexiblg sglri@rpi@fitekesemﬂﬁﬂe 14
shows that o | hized I g 62 such as
sequenti al Eﬁg}dgag#&%itf%c{(%'e nlgg%ﬁg?dkﬁrlﬁ{ﬁoptloaﬁgﬁﬁ%géﬁggr%ﬁe r!'over bond
pads 44 and S@‘If@ﬁratlpﬂdmylbé dt:mablmn Gmmnomwhf&btﬂelcbplaﬁmtﬁ of steticondfictokesi red or
required. | j cation of netal at| 62._.may be acco Ilshe usi ng an
electrolytic Ag@; lmﬁf%vre‘g%ensgp HSM@ L SXPARRIGIAC fFIClF‘PIé gheen

Ther eaf t £ ie 58 1is nounted to

di el ectri c I g%,“??"‘%‘%"ﬁ?‘r‘@é Oilﬂ)?-v-SI g@%lﬁtqggéeerg4 coated with an adhesive on
30 both sides sucAnaxeerlﬁl’ﬁ@étm)dmﬁpeningCStB‘tﬂiasslaxﬂmleW@Snm-mlFajst,F&(ﬁdl&M re

bonds 66 ds 44
bads 68 of S BIR IO P AEJEaih Faepinin dpersepikgnd sl magoSRmet an
encapsul ant ZQeerond f)ﬂfs 4DRNBbI8er p%ds $ Ini tRO&mid harkdr 8QbNPRIwikARSéch®! di ng

conmpound is %P% using a conventional technique
SP 56 1f 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 {lip-chip attachment of semiconductor die bond
pads 82 using a solder paste or other conductive or conductive filled adhesive material as

25  knownin 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



13 such as transfer nolding over the second side 36 of interposer 26 to
seal routing layer 38, sem conductor die 58, and wire bonds 66 fromthe
surroundi ng environnment. FIG 17 shows an enbodi nent of a CSP 72 wherein a
sem conductor die 74 is electrically connected to interposer 26 using a
flip-chip interconnection nethod. 5 According to this enbodi nent,

sem conductor die 74 is attached to sol der pads 34 on flexible solder pad
el ements 42, and bond pads 44 of routinglbhayer 3 8 are oriented for

attachnment t car e P 74
attached to @lcgarnre?lgéﬂ S%E)ﬂ géztgﬁ Q@%‘%@ﬁaﬁe@%’ﬁlﬁfs or 1%01%13&% 78P ?]g‘gaﬂ%d
bond pads 44thenapdied es@ﬁhﬂﬁngsld@mi@ﬂmnaqﬁsf:r%% sdabfl&xable bolleHag eletheiR Y2

conpri se solder or a_condycti 10 or cgnductor filled adhesive, and may
be fonned on2rSCEYGORERRERS %Woéwa the:ssronnding enyispnmeningndrhalls anbumpsviéare  Usi ng
t hi s package , sol der pad el enents 42 provide an
I nterface befo\%ggé]blggfmﬁ%g l}ggj{%r C#HL-Q 4 and interposer 26. Such a
configurdion nayWﬂnde dessribahinéerims ofbemgformladfmimaroqadrdtmmmphmimdudly of
sem conduct o |s an issue, rg gr"lF stress caused Eé dlfferent

;g

expansi on coéﬁ?? \}i(?e%‘}ﬁitg FLinfGERgser acko eeRrinygngion may he used:f %Wﬁ%"s’er 26

is a concer nwm%&sﬂuewwe%m&gegf Fip rzmsH&NsC&fé stch &1 u%BR"H%vicQ
18-20. First, FIG 18 shows that nmetal plating 78 such as sequ

| ayers of ni @Réd)ma@fcﬁ rgnlltldhlpmodbb (MQME&S As'menlunﬁlﬂ} ﬁil,ddCMS&Mhdes zder pads

34 in the safie descrii ed W|t CSP 5 ce

desirabl e touﬂ%?%{/ ]Wé’ P"fgylaye,& hlﬁgﬁldg@agfe el"??é'tst% 1 gd%r
descri bet) wi élbcm&ag%hnacﬁngimlt@wsrehﬁcdnamércﬁ&e9@&?1@! @pamSt@n@ma@d to second
si de 36 of mterposer 26 to protect and isolate routing |ayer 38, with

bond pads 44¢lBeonp qoatronentp@heibier thayy sesiesmducierticasuchen DeSsivelresistrsr i er
substrate 20 aga%ﬂ)? %?Intdﬁ tors' ﬁlﬂF éll(%]béglclua cf@n%f@%ﬁ 1Enogﬁt§1g to gteraoseu% ed to

sol der pads I'p’ a ment o sem conduc ds 82

using a sol der paRéfemmg t@FI(Er22depﬁhwd1tsueomputemydtumtm@ehdthﬂdhﬁiés adimpﬁﬂ ve
mat eri al as 55,k i,n the art., FIG 19 shows that _the spaces between
sem conduct o 4ud gryoutpy V‘lﬁFé%B‘?‘ﬂ’lﬁd 0 3 #rosesARdRvice 296, licky iR (UBhas | y be

filled w4h @tﬂlglédrigﬁ fréd!bdmf Qlﬁéor?% ttu-%at? on'[':la?th%%g&ﬁ?lhlsﬁtr}@s 56 ang E7)2,

semi conductor di e 74 and rel n orce ment W t oser
Appl i cati on of varignslenbaditentathercof las BUistmayd inelraciog FiGS.dRedd 18y way of

exanpl e, using a venti onal ca | | ) a fI 0 ocess Underfill

material 84 may ‘Bﬁﬁrﬂ?es@ SRR GWBLI%W@]&EQFP?FE:'“’&B?\%‘FW@

material. Al Eﬁbé@hbﬁ%'%nou%ﬁﬁfoﬁ#,|dleletions and modlﬁcatlons 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 CSP’s 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.



material 84 may conprise an anisotropic or "Z-axis" conductive material,
in which case sem conductor die bond pads 82 nmay be electrically connected
to solder pads 34 by wunderfill naterial 84 itself. Once sem conductor die
74 has been nmounted, FIG 20 shows 14 that an encapsulant 86 such as the
af orenenti oned pol yner based nol di ng conpound is then applied over the
first side 30 of interposer 26 to seal flexible solder pad elenents 42 and
sem conductor die 74 fromthe surroundi ng5environnment, and balls or bunps
76 are forned on or attached to bond Ei%@ 4. 5 WU e described in terns
of being forned for incorporation into I dual CSPs 56 and 72, an

i nterposer according to the present invention nay be used for other types
of electronic device packages. FIG 21 shows one such el ectronic device
package in Whatisglaimedisa nul tichip nodule (MCM 88. As seen in FIG 21,
MCM 88 includes ap in | .a.r ' | exi bl e
sol der pad el enent’'s 42‘&12%12@(8%1;‘20 ﬁé‘(ﬁﬁfréh?% @?0518#%(:;3 403%3([)88%%%%?%“% tiple
sem condugt opacltagecdipridngs. 21 al so shows that el ectronic conponents 94

ot her than sem conductor dice, such as passive resistors, . capacitors, or

i nduct ors, najubsirals beang a &t side andanapposing.isecand gkiciand coBPrisngH ﬁ@%‘éﬁ COr.
Referring to FIG 22 depicted is a conputer system 300 that includes an

i nput device 302 and. an out put device 304 coupled to a processor device
306, which, atledstione, flaxsble ddBdar papelenientmnghe second siddazhalsubedate, vdergmothetat ng at

i LN TR TR e
has beenjglescri beghr¥irariaPSMGRIngtif afsﬁl?stdntilaﬂssﬁérfénaftula%ﬂ&fﬁbﬂﬁﬁt&&dly &biOUS

addi tions, deletions and nodifications are ‘contenplated as being “w thin
its scope. For i nthedinseideof thesubsiratgrand hsoldei pid ohradip afltlee prolowsiondescr i bed
polyi M de 20 _fil .may_ be used.for, flexibl re.28 wthin.the, scope of the
D esent 1 nveheTiiTe e SghBEE o Loe s B foliRER st e tebis Rl PR an
have the capabi | i §l¥mbi t& the@beddddidelof tHeh@hsateaihaped to include flexible
sol der pad elements 42. Likew se, while interposer 26 has been illustrated

as bei ng confrepiustve optinmlaysreg te serongd sidecdithe substrate baying ab leastang porghpad

i nt er pos accor gi r t i t fd to
receive géltiple gg%ﬁ%%ﬁé%@%g%dggﬁ%ﬁggg§%@ fﬁ%ﬁﬁggﬁgﬁgg?%@ﬂ¥%gggﬁnuItaneous
formati on of nul t élpent@SREe cdndudtivervimre, while FIGS. 12 and 17 illustrate
CSP's 56 and 72 wherein interposer 26 is attached to a carrier substrate
100 or sem conductor die 74 by way of solder pads 34, as described

2. The interposer of claim 1, wherein the core material comprises a sheet of

polyimide or polyimide based material.

20
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
configuration.
25 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.

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

30  conductive liner of a metal or a metal alloy surrounding a filler material.

6. The interposer of claim 5, wherein the filler material comprises a

nonconductive material.



above, solder pads 34 may be ornitted and carrier substrate 100 or
sem conductor die 74 may be directly bonded to exposed ends of vias 40.
The scope of the invention is, 30 therefore, indicated by the appended
clainms rather than the foregoing description. Further, all changes which
may fall within the nmeaning and range of equival ency of the clains and
el ements and features thereof are to be enbraced within their scope. 15
CLAIMS What is clainmed is: 1. An interpodér configured for incorporation
into an electronic device 5 package, conprising: a substrate having a
first side and an opposing, second side and conprising a flexible core
material; at |easl. oneTHeigtigoke of claihe b, Widleif gy WntorictiRen A @0 B6mprids a Of
the substrate, wherein the at |east one flexible solder pad el ement
conmpri ses a YIdEmaskonenoxy fillponaterialt he flexible 10 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
vi a exterfdi ng fro8n t helledh@mosgrad claim t)ehatin kiesfilier anaeril @xipeises 0l der pad
el ement to the second side of the substrate; and a conductive routing |ayer
on the secontPrépetivednateial substrate havi ng at |east one bond pad 15
electrically connected to the solder pad of the at |east one flexible
sol der pad elenment by the conductive via. 2. The interposer of claima1l,
wherei n the core ¥at erThel inteoperiof eleina 8 sWksréin dlie copduofiveriraterial congdrigesd de
based material, .20 3. The intﬁler&&o%er of }cahai m 1 erein the at |east one
bond pad of PRETALBRIEREd Wit Datticley of apstel psmeghallody directiy over the
conductiue via in a pad-on-via configuration. 25 4. The interposer of
claim1, wherein at |east one of the conductive routing |layer and the
sol der pad of thelGt |Busintemese ¢f cdgimbl, whewindibe conticiivesieenmprisepai ses a
| ayer of a olg [ : m t he, fhexible core materi al .
E@fdﬁl:tl\% ﬁlféf gﬁ%ﬁ&{ e%\l%keyfgilli%g ta@l%fe%ﬂroa@é %hle\%lgmip € acof:eo%tFP%le s a

5. The interposer of C he “con

11.  The interposer of claim 1, wherein the discrete protrusion of the at least one
15  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

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

13. A method of forming an interposer, comprising:
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 conductive
25 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;
30  patterning the first layer of 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



30 conductive liner of a netal or a netal alloy surrounding a filler
material. 6. The interposer of claim5, wherein the filler materi al
conprises a nonconductive nmaterial. 16 7. The interposer of claim®,
wherein the nonconductive material conprises a solder mask or epoxy filler
material. 5 8. The interposer of claim5, wherein the filler materi al
conprises a conductive material. 9. The interposer of claim@8, wherein the
conductive material conprises a materiall7Zinpregnated with particles of a
metal or netal al - LNk el aj . i: e
conductive via coé%%rlqns?é% a;tﬁ scg%%ﬁrl?‘gp %1§%Bf@§pg%1b%é: ee{Hl1 %IFH%%%%?&&E%EH I1ing a
hol e through the dubstmtiille peperdiatanditeation dutwardhefrorn tiey fireiside afthecdubstiael ,
wherein the discrete protrusion of the at |east one 15 flexible solder pad
el enent has a profile conprising one of a truncated cone, a truncated
pyram d, and a cyj{4 nd Theai:nt ar g4 Al Wt | east
one of the at Ieais‘!t' oﬁgheb%ﬁgo%gﬁl&%f 1%t’ ﬁ'g&g{élrfgé‘g?]ilngg@ r%ﬁﬁ%&?@;‘gé’g and the
sol der paid oprovhkngx sheetadpolynmidt bepolpinddsibdsedmateadl. 20 el enent i s coated
with a layer of a netal or a netal alloy. 13. A nethod of form ng an

i nterposer, conprising: providing a substrate conprising a flexible core
material having aj4irsthehélBodbt dlaith 3, Whbrein Y25t RE of MG ldéeofmaL eri al  and
a second side with a second |ayer of conductive 25 material’; patterning

t he second | egrelucipfe maserial and the seqond layat oficondustive matspiablis s¢lected tosamprisg 4 ayer
havi ng at | east e . hond c form.n t .l east .one conductive via extending
t hrough the qyg&tﬁﬁ?eéaq%gg%?ﬁ@gwggm%agqﬁgélﬁeﬁqx%e%od-ﬁmgfﬁ e routing | ayer
and the fgrst |ayer of conductive nmaterial; 30 patterning the first |ayer
of conductive material to format |east one solder pad overlying the at

| east one conduct 1&e vITe methed pegleint By wheretn lorsing the 3tdeast eagishider Radr e
terial f Lrst si _
Sol der “pad ST Kb R e pNGOREY BB GurO AT L8 e oo RRRARE

in a pad-on-via configuration.

15 17.  The method of claim 13, wherein patterning the second layer of conductive
material comprises removing portions of the second layer of conductive material with a

mask and etch process.

18.  The method of claim 13, wherein forming the at least one conductive via
20  comprises forming a hole through the flexible core material with one of a beam of radiant

energy and a chemical etchant.

19.  The method of claim 13, wherein forming the at least one conductive via
comprises:
25  forming a conductive liner around an interior wall of the at least one conductive via using
an electroless plating process; and

filling the conductive liner with a filler material,

20.  The method of claim 19, wherein filling the conductive liner with the filler

30  material comprises applying the filler material with a squeegee.

21.  The method of claim 19, wherein filling the conductive liner with the filler

material comprises filling the conductive liner with a nonconductive material.



17 conprising a discrete protrusion of the flexible core materi al
extending in a substantially perpendicular direction outwardly fromthe
first side of the substrate. 14. The nethod of claim 13, wherein providing
the substrate conprises 5 providing a sheet of polyimde or polyimde
based material. 15. The nethod of claim 13, wherein at |east one of the
first layer of conductive material and the second | ayer of conductive
material is selected to conprise a |ayerl8of netal or a netal alloy

| am nated to the flexible core material. 10 16. The net hod of claim 13,
wherein formng the at | east one solder pad conprises formng the at | east
one sol der pad di2Zct |'Fheanshod dfelain A1 easthercsompeicing Welkdting thd roncomludtive
pad-on-via configuration. 15 17. The thod of claim 13, wherein patterning
the second | Z§EPIJP COPRATFQLPEA S ?ré%ggl"fé'b?ﬂﬂxif@%fmétﬁﬂ%li ng portions of the
second | ayer of conductive material with a mask and etch process. 18. The
met hod of claim 13, wherein formng the at |east one conductive via 20
conpri sess f or m ng23a hol'te méthadioficldine 9f Whereinl félingthe comduetivedinemivith therfdleof a
beam of radi anf . enerqg a.chemcal etchapt. 19. The nethod of claim 13,
wherein for ninmjn?ltfé’rrﬁ’?‘g%:fgg?g @ﬁ@‘”%’ﬁﬁmewmgiaﬁm Hyy metegal- 25 forning a
conductive liner around an interior wall of the at |east one conductive via

using an electroless _PAati ng process; and filling the conductive Iiner
with a filler mat4i al Theaoethathef alaimiZ3divgtherdompmsing selegtmgdhercondidtivag t he

conductive ljner. with the filler. 30 nmaterial rjses pl yi the filler

meterial wi t FAEnaknEampiSe Satefyl impreane wiel ppdidey g mRCona ROy o e

conductiwe liner with the filler material conprises filling the conductive

liner wwth a nonconductive nmaterial. 18 22, The nethod of claim 21, further

conpri si ng sel ect?hg tHe mehedefslaim Mewhergindpmaing the at leassione eonsyetivervig

sol der mask 3 0 CF@&%' =R glele” I

wherein fill ?Jnm esgagié%iafngg\e/afeh [ nerdg&/ilﬂ}ehﬁetxﬁ):efe ?%Fﬁlea E‘i BlorfdBtE il
material.

15 26.  The method of claim 13, wherein forming the at least one conductive via
comprises filling the at least one conductive via with an electroplating process using the

first layer of conductive material as a cathode.

27.  The method of claim 13, wherein patterning the first layer of conductive
20  material comprises removing portions of the first layer of conductive material with a mask

and etch process.

28.  The method of claim 13, wherein removing portions of the flexible core

material comprises applying a chemical etchant to the flexible core material.

25
29.  The method of claim 13, 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.
30 30.  The method of claim 13, 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.



material conprises filling the conductive liner with a conductive material .
24. The nmethod of claim 23, further conprising selecting the conductive
material to conprise a material inpregnated with particles of a netal or a
metal alloy. 10 25. The nethod of claim 13, wherein form ng the at |east
one conductive via conprises entirely filling a hole through the flexible
core material with a conductive filler material. 15 26. The nethod of
claim 13, wherein form ng the at |east or@ conductive via conprises
filling the at |east ope .conductive viia with an el ectroplating process
using the first ayeHﬁbﬂa§5WHﬁ%WF9gmﬁﬁg%FPﬁ?nﬁgga cat hode. 27. The nethod
of claim 13, anfaerRisér ddfiptisingi Ng the first |ayer of conductive 20 materia
conprises renoving portions of the first layer of conductive nmaterial wth
a mask and etch @@M@ha\i’!& a fiistsideandon oppodng sepond sidoard eomprisigdyi ng
portions of the flexihkle.core erial conprises applying a chem cal
etchant to the flexibﬁkxg%?%nﬁggg%ggl. 25 29. The nmethod of claim13,
further cpnprisi ng ldaet dieM@xibleesollies paddlemet Oh kisse@dhd sitfe dffte ubgitid) Whereidy e
material with a profile conprising one of a truncated cone, a truncated
pyramd, and a cyl i ndehe atdeastene figxibleraldes pad elempnticomprsesia dischis PIOBHHEPR si ng

pl ati ng at | east one . . QPQH&;' e
routing | ayer and thqutﬁﬁ%@b%%gﬁ%% r%g%t%gﬁgﬁoﬁﬁg H@sftm;tﬁl‘ri"%ﬁ ayer‘%f
conductive material wdikctiod @ayearddf fram miet fakt side of theedubltratd draya solder p&llon 2An

el ectroni c device package,, conprising:, an interposer conprising: a
substrate having a fi rtg’c"fstb"(j‘g‘g‘gﬁﬁpgﬁgé‘ﬁﬁosi ng, second side and conprising a
flexiblejgore mategdmlietive vid Gty R el sBIdePLhdd TR leabBfhe FleEBRMbIdRP L he
second s}de of the sub%trate? mhgﬁéin fﬁe a?ﬁleast oﬁ% flgxible sol der pad
el ement conprises a dimdrelnenptodhe sssonhsidodf thhaubbirasiaple core materi al
extending in a S“bg%ﬁgﬁv%{r'gﬁgﬁgé ?5@?&%@@&&9&8[& Lol sQPse St ARG Y b O e

first side of the?

bond pad electrically connected to the solder pad of the at least one flexible
solder pad element by the conductive via; and

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

32.  The electronic device package of claim 31, wherein the at least one

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

20 33.  The electronic device package of claim 32, wherein the encapsulant

material comprises a polymer based molding compound.

34.  The electronic device package of claim 31, wherein the at least one
semiconductor die is electrically connected to the interposer by at least one wire bond
25  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.

35. The electronic device package of claim 34, wherein the at least one
semiconductor die is mounted to a dielectric layer overlying the conductive routing layer

30  of the interposer.

36.  The electronic device package of claim 35, wherein the dielectric layer

comprises a solder mask.



tip of the discrete protrusion; 10 a conductive via extending fromthe
sol der pad of the at |east one flexible solder pad elenent to the second
side of the substrate; and a conductive routing |layer on the second side of
the substrate having at | east one bond pad electrically connected to the
sol der pad of the at |east one flexible solder pad el enment by the
conductive via; and 15 at |east one sem conductor die nounted to and
electrically connected to the interposer 2032. The el ectroni ¢ devi ce package
of claim 31, wherein the at | east one sem conductor die is at |east
partially encased within an encapsul ant material. 20 33. The electronic
devi ce package of 3%l ai ThalectiiRr deivite bhdkagd\cfaiam FNwherdithe AtddasCEFP! | Ses a
pol ymer based nol di ng mpound. 34. The el ectronic device package of claim
1

[ co : L { .
31, wherein teracepdustapdie isglectricallpcennisetad tthe diterposst i asfliprehiponfigwatinndit ed
to the inter t g . ad) t east
one bond p adggﬁlﬁ{ %egw%e?l aIt !fg'gt% Ih% ﬁ‘(['i,&?dséeM ﬁi‘l O?g% %E%%?d@%%ﬁ%%ﬁﬁ%&éﬁé&?&g }EP& one
bond pad »f pakofaludteeiassre routing | ayer of the interposer. 35. The
el ectroni ¢ device package of claim 34, wherein the at |east one
sem conductor die is mounted to a dielectric |layer overlying the conductive

routing tayer 303l Ui HBNRhRARGIce pkage 1A BME G AGAARE O

claim 35, wherein the dielectric y onprises a so The
el ectroni ¢ dmatediel fdlinkagmcobetpkan the 3tlcashher eimicdnkectat dié embthe first side of the
seniconductorly'% if eL%ctricaIIy connected to the interposer in a
flip-chip cofi} |S{§ f QP S IEOSCL hond between at | east one bond pad of the
sem condygtor die and the at | east one bond 5 pad of the interposer. 3 8.

The el ectroni c devi ce package of claim 37, further conprising an underfil
material filling 39-spadke ¢Jeqtoainrevice packageelislains, wbedcmchelundedill waterisind t he

first side o t f the interposer. 10 39. The el ectronic
devi ce packaé%rﬁ}gfse%%gig‘%oﬁpﬁ e(foéllﬁlrllcqvﬁénaﬁeo rfill material conprises an

ani sotropi cally conductive materi al .

40.  The electronic device package of claim 31, wherein the at least one

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

41.  The electronic device package of claim 31, wherein the at least one bond

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

20 42.  The electronic device package of claim 31, wherein 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 is coated with at least one

layer of a metal or a metal alloy.

25 43.  The electronic device package of claim 31, wherein the at least one
semiconductor die comprises a plurality of semiconductor dice mounted to and electrically

connected to the interposer.

44. A method of forming an electronic device package, comprising:
30  providing an interposer comprising:
a substrate having a first side and an opposing, second side and comprising a

flexible core material;



40. The el ectronic device package of claim 31, wherein the at |east one 15
fl exi ble sol der pad elenent of the interposer is attached to a carrier
substrate. 41. The el ectronic device package of claim 31, wherein the at

| east one bond pad of the conductive routing |ayer of the interposer is
attached to a carrier substrate. 20 42. The el ectronic device package of
claim31l, wherein at |east one of the at |east one bond pad of the
conductive routing |layer of the interposé@ and the solder pad of the at

| east one fl exi bl I I I el i at

| east one | ayer agflecbg‘!ér;rlgtﬂaegi%%rﬁgd%ﬁ@a?&gﬁtg;ﬁ/ﬁ %g@%#hog e Sglg rag%i“)yelt gjvi ce
package of claim 31, whestdeast drecflexibld sdddr padelemsmtrdompristsaidiscrale procosipt | ses
a plurality of sem conductor dice nounted to ,and electrically connected to
the interposer. 44. A#&%ﬁwlg?cqrsmﬁ %er@m@dpﬁéﬁb%an&éﬁyww&@gﬁe,
conprising: 30 provi dj;ng; | CYI: deSdFiagk %r 1 a
first side and an oppg%#gté@gdé@%ﬁgp@ﬁgh eand c%esr%‘;ﬁ%sslug%&a Iag?ﬁbepgéﬂcdggae

material ;55 10 21 at tipeefehe diseett peotiukion; sol der pad el enent on the second

side of the substrate, wherein the at | east, one flexible solde ag, el enent
Comor 1 Ses 5 o sorbrandr BN g D et TGt 15k sk B FER DI RRE o1 1

a substantial ly per pengiGnint todhé 8EbAPHIOM MNEEMEYaté 88 t he first side of
the substrate and a solder pad on a tip of the discrete protrusion; a

conductive via exaemdietiyefrowgsingtlipsr onthgsecquddidsfof thesubstratedmymg@hlsastionxi bl e
sol der pad elenent tqg the cond .side of the substrate.. a conductive
routing |ayer on the Q%O@gr%g glle‘g:gca&% CtOH%ecgci%g?l}ean Chi Oﬁgjheaﬂq‘ijefagtaospte?%ﬁ@e bond
pad el ectgical |y connegldépideléhient b9 kiedondadiveiat he at | east one flexible
sol der pad el enent b}/ t he conductive via; nounting at | east one

seni conduct ofMoyntEng a$ leaptone seraicprdistior digre the intemoparaindy connecting the at
| east one sepi ' ' . d of claim 44,
further co np?i;e(éqﬁﬁg&goﬁllﬁeec gislg thtﬁ%F %elt'}sg |°|“€ g%@%ﬁﬁ#& r ?‘E éo a:lg %lt%B&?'

45.  The method of claim 44, further comprising at least partially encasing the

15  atleast one semiconductor die within an encapsulant material.

46.  The method of claim 45, further comprising selecting the encapsulant

material to comprise a polymer based molding compound.

20 47.  The method of claim 46, wherein 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.

25 48.  The method of claim 47, wherein mounting the at least one 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.

30 49.  The method of claim 48, wherein forming the dielectric layer comprises

depositing a solder mask over portions of the conductive routing layer of the interposer.



15 at | east one sem conductor die wthin an encapsul ant material. 46. The
nmet hod of claim45, further conprising selecting the encapsulant nateri al
to conprise a polynmer based nol di ng conmpound. 20 47. The nmethod of claim
46, wherein electrically connecting the at |east one sem conductor die to
the interposer conprises attaching a wire bond between at | east one bond
pad of the at |east one sem conductor die and the at |east one bond pad of
t he conductive routing |ayer of the inteﬁ%oser 25 48 ~The nethod of claim
47, wherein mount 49 Lk kb FEFBNR, SFEFORGUSGAL coffeBiteint AR PoSe!
conprises: formng'a di'ele I’IC ayer ’overrying Phe “LoRal& Ve 'Fou |ng

| ayer of thesmﬁmrdpﬁslemetoathdmtapés%ﬁbunngqs‘ebmﬂinglae&aﬁt obBborskpadagd@uct or di e
to the dielectric |ayer. 30 49. The method of claim48, wherein formng the
di el ectric | g0 Bﬁﬁﬂ#@&ﬂwa‘és&mbﬁgld&aéef%mt%@a@rmﬁeﬂ P8It i ons of the
conductive r%ggﬁg fayer of the interposer. 22 50. The nmethod of claim 44,
wherein el ectri y ‘connecting the at | east one seniconductor die to the

i nt er posér conpri ses bondl ng at Ieast one bond pad of the sem conductor

die to the at Ieat o] ter ose a flip-chi
configuration. 5 %%, T 'gﬂ‘gﬁtdﬂ bco Rﬂst%éj}l %‘i‘wﬁﬂaFgP ‘g’iq“l’i’tng a
space betweepadilge &micdfaSthr &Q%n&&@‘fﬁﬁ@ﬁ@%f% s%ﬁa@%@ﬂkﬂﬁtcﬁdo&é%ﬁﬂaﬂe of the
substrate of the 1nterposer with an underf mat eri al 52. The net hod

of clai m 51, widgriilheatedanpri si ng sel ecti ng the underfill material to
conprise an anisotropically conductive material. 53. The nethod of claim
44, further conprising attaching the at | east one flexible solder pad

el ement pf the in§Er posRy mbBodofdhifd S, ﬁ&ﬂi@ﬁ&dxﬁﬁrﬁmglséle%gbﬁ@aﬁéeﬁlméteﬁm
claim44, further conprising attaching the at |east one bond pad of the

conduct i ve rGuROmpgSe aanisoppically qondustiyesrateriab a carrier substrate. 55. The
nmet hod of claim44, further conprising plating at | east one of the at 20
| east one bond pad of the conductive routing |ayer of the interposer and
the sol der pad of53.  The method of claim 44, further comprising attaching the at least one

flexible solder pad element of the interposer to a carrier substrate.
15
54.  The method of claim 44, further comprising attaching the at least one bond

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

55.  The method of claim 44, further comprising plating at least one of the at
20 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.

56.  The method of claim 44, wherein mounting the at least one semiconductor
25  die to the interposer comprises mounting a plurality of semiconductor dice to the

interposer.

57. A computer system, comprising:
an input device;
30  an output device;
a processor device;
a computer circuit board configured to electrically connect a plurality of electronic

devices; and



the at |east one flexible solder pad el enment of the interposer wth at

| east one layer of a netal or a netal alloy. 56. The nethod of claim 44,
wherein mounting the at | east one sem conductor 25 die to the interposer
conprises nounting a plurality of sem conductor dice to the interposer.

57. A conputer system conprising: an input device; 30 an output device; a
processor device; a conputer circuit board configured to electrically
connect a plurality of electronic devi cé3d; and 23 an el ectronic device

package at t ag\aghsoflicldiicl BARUA Slnabhdaitle B HARNRIY, WHE ! FCLIEQRIS:

devi ce package 1 nc nter poser conprising: a substrate having a
first side and anlesjpppsikage inshdesah isfed®sartdmposipgi sing a flexible core

material; 5 at | east one fI.exiRWIe.éol er (gad.el eman%. n the second side of
the substrate, wHetRsFAte hayings fistsi *‘talgir?é' PR3 O8O PR AN R RS ént
conprises a discrete pRiHdsdOmateshl;t he flexible core material extending in

a substantially perpendicular direction outwardly fromthe first side of
t he subst at e andatieastoingdlexibladsobier pad ¢lémend fon thessecimsisidstod thersubstuats, wherer) a

conducti ve via extendi fromt | d ad .of the at. | east one flexible
coldor med e ement "t ahe pdéREbe e Sofdcr BRf el pises iteral Eslreith v o
routing |ayer on the seRkxshlécorenatdil StaRluigiha shintgllpperp@Asdulsene bond

pad electrically connected to the solder pad of the at |east one flexible
sol der pad el ement by QWéUW@ﬂWmlﬂ?ﬁfgiﬁlde of the substrate and a solder pad on a

tip of the discrete protrusion;
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 conductive via.

15



