-1- DOUBLE BUMPING OF FLEXIBLE SUBSTRATE FOR FIRST AND SECOND LEVEL
INTERCONNECTS 5 TECHNICAL FIELD The present invention relates generally to methods and
apparatus of preparing and forming interconnections on an interposer substrate for assembling one or
more semiconductor dice thereto and, particularly, providing interconnections on the interposer
substrate for a first level interconnect and a second level interconnect. 10 BACKGROUND State of
the Art: Interconnection and packaging-related issues are among the factors that determine not only
the number of circuits that can be integrated on a chip but also the performance of the chip. These
issues have gained in imxOEBIEEAB UMPING GE FLEKIBES $UBSERATI FORJARSTes of
transistors and enhanced chip compdNRBIYECONDILEVEIRENDRRCONNEATRat merely having a fast
chip will not necessarily result in a fast system; the fast chip must also be supported by equally fast
and reliable éonnections. Essentially, the connectiBadNICamjuiEidn with the packaging, supply the

chip with signals and paower and r%distri ute ti]e ti%géllyepaqf:ked 20 te mingls of the cr&ip to the terminals

of a carrier substrate and Th8H 16 4 AYEIH BoRrd “OHe exa%tf))lén 5 hé)ucs:ﬁ%ma 3Igartzla1 ed Arekit'Qevice is

known as a "flip-cinigh forilipechierattactinient geaeriathyrpostudebsaleet fimads@nblime ohawnicaltyattaching

a semiconductor die. ba/raﬁlsl%?g}ig{a és,legace to an inter oger substrate. or other cgrrier0 sudllaestrate using
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an array of discrete ton Ve S mente fonmidd of the Sefnicondactor 25 a1 Hiscrete conductive

elements are formeel powdixmbdeat¢d dranfirpadsed imthercaativeasdriaee widthey seintionoiuetor die, usually
durjng fabri(f tion of .the semicpnductor d.ie_ along Wit_h alarge number of qthers in wafer form, after
which the water is singulated into the individual semiconductor die. The discrete conductive elements
usually are configured as minute conductive 30 buBfSKGRaISNbut also may include studs, pillars or
columns of various State of the Art: Interconnection and packaging-related issues are among the
factors that determine not only the number of circuits that can be integrated on a chip
but also the performance of the chip. These issues have gained in importance as
15  advances in chip design have led to reduced sizes of transistors and enhanced chip
complexity. The industry has come to realize that merely having a fast chip will not
necessarily result in a fast system; the fast chip must also be supported by equally fast
and reliable connections. Essentially, the connections, in conjunction with the
packaging, supply the chip with signals and power and redistribute the tightly packed
20  terminals of the chip to the terminals of a carrier substrate and then to a circuit board.
One example of such an integrated circuit device is known as a "flip-chip."
Flip-chip attachment generally includes electrically and mechanically attaching a
semiconductor die by its active surface to an interposer substrate or other carrier
substrate using an array of discrete conductive elements formed on the semiconductor
25 die. The discrete conductive elements are formed and bonded to bond pads on the
active surface of the semiconductor die, usually during fabrication of the semiconductor
die along with a large number of others in wafer form, after which the wafer is
singulated into the individual semiconductor die.
The discrete conductive elements usually are configured as minute conductive
30  bumps or balls, but also may include studs, pillars or columns of various
configurations. The conductive bumps or discrete conductive elements are typically, in

the case of solder balls, attached to the bond pads by first forming an under bump

metal (UBM) compatible with the material of the bond pads as well as the solder balls.



configurations. The conductive bumps or discrete conductive elements are typically, in the case of
solder balls, attached to the bond pads by first forming an under bump metal (UBM) compatible with
the material of the bond pads as well as the solder balls. -2- The UBM for solder balls to be placed on
aluminum bond pads commonly includes metal layers, bottom to top, of Cr, Cu and An. The UBM may
be formed by sputtering thin films over the aluminum bong_pad through a patterning and etching
process. The UBM may also be formed by an electroplating process of Cu and/or Ni with a thin An 5
overlay. A preformie SBleefopal](ef, Hanexabagienc60Yn SuancudObokiyddayoihabl ipcdvided on the
UBM and heated to a predetermined reflow perature, so As t d the s IderR;t]jf lIs to the. UBM
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substrate by, for example, reflowing conductive bumps of solder or curing conductive
or conductor-filled epoxy bumps. A dielectric underfill may then be disposed between

15  the die and the carrier substrate for environmental protection and to enhance the
mechanical attachment of the die to the carrier substrate. For example, United States
Patent 5,710,071 to Beddingfield et al. discloses a fairly typical flip-chip attachment of
a bumped semiconductor die to a carrier substrate and a method of underfilling a gap
between the semiconductor die and substrate.

20 Flip-chip type assemblies having a bumped semiconductor die employing a
carrier substrate, such as the carrier substrate disclosed in the Beddingfield et al.
reference, may be undesirably thick due to the combined height of the bumped
semiconductor die and carrier substrate. Ongoing goals of the computer industry
include higher performance, lower cost, increased miniaturization of components, and

25  greater packaging density of integrated circuits in, for example, a flip-chip type
assembly. In an effort to meet goals such as increased miniaturization by limiting the
height of a flip-chip type assembly, thin flexible interposer substrates have been
introduced in the industry.

U.S. Patent No. 5,386,341 to Olson et al. discloses such a thin flexible substrate

30  utilized as an interposer substrate between a bumped semiconductor die and a circuit
board. However, thin flexible substrates, such as that disclosed in the Olson et al.

reference, require that bumps formed on the semiconductor dice be formed precisely to



assembly. In an effort to meet goals such as increased miniaturization by limiting the height of a
flip-chip type assembly, thin flexible interposer substrates have been introduced in the industry. U.S.
Patent No. 5,386,341 to Olson et al. discloses such a thin flexible substrate 30 utilized as an
interposer substrate between a bumped semiconductor die and a circuit board. However, thin flexible
substrates, such as that disclosed in the Olson et al. refergnce, require that bumps formed on the
semiconductor dice be formed precisely to -3- predetermined specifications with very low dimensional
tolerances. Any faikdedamiasdipgdite ilonps ahddnfeseodiractitnsad wlbesemicongfdlardice

precisely so that the semicaonductor gice align with corresponding terminals on an jn%,r oser substrate
bypically resulte iOTALNE BURIE AL Ior R San A RN P A SeD oy e
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DISCLOSURE OF, INVENTION, The presentinveriion iclates o methods.and appasatus for improving
the yield and reducing the cost 0 ricating a tlip-chip type semiconductor assembly. The present

invention is directeohtonfiptiméngf aimintprpase nsdibsirata s ithdndersonndgtions formed on both a first
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interconnect. The interposer substrate may include first and second sets of conductive bumps

respectively formeangrirthénfitstisigrtacecapertsecionoh sivfanelthercohddotii detdBMonductieatdimps
may be formed Sls%é%lﬂgﬁéj (S)|r¥ the wafer. It would also be advantageous to prevent the loss of

semiconductor dice due to failed interconnections on the semiconductor dice.

15 DISCLOSURE OF INVENTION
The present invention relates to methods and apparatus for improving the yield

and reducing the cost of fabricating a flip-chip type semiconductor assembly. The
present invention is directed to forming an interposer substrate with interconnections
formed on both a first surface and a second surface to provide a respective first level

20  interconnect and a second level interconnect. The interposer substrate may include first
and second sets of conductive bumps respectively formed on the first surface and
second surface thereof. Both sets of conductive bumps may be formed simultaneously
by an electrolytic or electroless process. The first set of conductive bumps may be
configured to correspond with bond pad locations on at least one bumpless

25  semiconductor die for the first level interconnect and the second set of conductive
bumps may be configured to correspond with a pattern of interconnections on a circuit
board or another semiconductor assembly for the second level interconnect. With this
arrangement, the present invention provides structure for effecting interconnections on
the interposer substrate for both a first level interconnection and second level

30  interconnection, thereby eliminating the need for wafer bumping and the costs and
reliability issues associated therewith. Furthermore, transferring such costs and

reliability issues from fabrication of semiconductor dice on a wafer to fabrication of the



by an electrolytic or electroless process. The first set of conductive bumps may be configured to
correspond with bond pad locations on at least one bumpless 25 semiconductor die for the first level
interconnect and the second set of conductive bumps may be configured to correspond with a pattern
of interconnections on a circuit board or another semiconductor assembly for the second level
interconnect. With this arrangement, the present inventionprovides structure for effecting
interconnections on the interposer substrate for both a first level interconnection and second level 30
interconnection, thelekhyeaiwrisatngtthsonaaaborvaieehlinpingeanhetbescosts addfaeiwbfititissues

associated therewiflh.hFurth rmore, tracpsferring such costs and reliability issues from fabrication of
semiconductor dite oA XWARS- Y3 48R ication of the -4- far less expensive interposer substrate greatly

reduces the cost of any liedaetivpdpatisthwipichanLisvbatiscrappétetposaesabpeat ohthel gy esenich
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paste on the pecond. sytage of. NG InteIpoSer sybsate, 15 According 9 dhe presentinveniign. the
plating process for simultaneously forming the first and second sets of conductive bumps’on the
respective first surfaoeplandcseoarie s fakkemaii edyadeosnphished ofieonidadhyvie amplectaglelss

process or electiaehemicallydn-A0SISsohdic PSR MG SRV M raiRat manbe
such as solder balls, may be provided in the conductive paste on the second surface of
the interposer substrate.

15 According to the present invention, the plating process for simultaneously
forming the first and second sets of conductive bumps on the respective first surface
and second surface may be accomplished chemically in an electroless process or
electrochemically in an electrolytic process. The conductive materials that may be
utilized in forming the conductive bumps may include at least one of copper, nickel,

20  chromium, zinc, brass, cadmium, silver, tin and gold.

In another aspect of the present invention, a dielectric filler material may be
disposed between the at least one bumpless semiconductor die and the interposer
substrate. The filler material may be provided by dispensing a flowable dielectric filler
material to fill a gap between the bumpless semiconductor die attached to the interposer

25  substrate. Alternatively, the dielectric filler material may be a nonflowable filler
material, in which case the nonflowable filler material may comprise a dielectric filler
film. The dielectric filler film is adhesively attached to either the semiconductor die or
interposer substrate prior to attaching the bumpless semiconductor die to the interposer
substrate.

30 In another aspect of the present invention, the semiconductor device assembly
of the present invention is mounted to a circuit board in an electronic system, such as a

computer system. In the electronic system, the circuit board is electrically connected to



utilized in forming the conductive bumps may include at least one of copper, nickel, 20 chromium, zinc,
brass, cadmium, silver, tin and gold. In another aspect of the present invention, a dielectric filler
material may be disposed between the at least one bumpless semiconductor die and the interposer
substrate. The filler material may be provided by dispensing a flowable dielectric filler material to fill a
gap between the bumpless semiconductor die attached taghe interposer 25 substrate. Alternatively,
the dielectric filler material may be a nonflowable filler material, in which case the nonflowable filler
material may comypisecasdialecicie dilam tilortdgl dielantrio fillessfivitisadinasidely @ttachaddoygither
the semiconductoy die or interposer substrate prior to attaching the bumpless semiconductor die to
the interposer sucgesvtlrcaet'e. 30 In another aspect of the present invention, the semiconductor device
assembly of the presenOiheefiionrés nnduniec tapascifctit peacdtimaendlactrilhiccsysie appavalt as a

computer system, In thef ell<el(ftro IC system, lipe circuit board is electrically connected to -5- a processor
. . t{lose? skill 1n the art thro a consideration of the ensui escription.the
device which electrically communicates with an input device and an output device. er features and

advantages 6f thaqorespatyimedtionngill dndahmep ppphieokiensthose of skill in the art through a
consideration of the ensuing description, the 5 accompanying drawings and the appended claims.
BRIEF DESCRIPTION OF DRAWINGS While the specification concludes with claims particularly
pointing out and distinctly claiming thatBRIER DESGRTREI@N OE pRAAMINGENtion, the advantages of

10 this invention may be\ﬁlsl(fggh%med from.the foIIQV\ﬁQSg]%(EES%Ig)Uon of Ih(ialrr]ventlon Whepaﬁgad in

. . . specitication conclu 1ms parficu \ {1ng ou .
conjunction with the accompanylng &aWIngS, wherein: IﬁILIJSB’ateS a srng)glllﬂeagcross-sectlonal
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therein, accpyding 4 e, PSS BYSUIRR RS AU KTRIER AR FRES RS s o
an interposer substrate,

read in conjunction with the accompanying drawings, wherein:

FIG. 1 illustrates a simplified cross-sectional view of an interposer substrate,
depicting the interposer substrate having through holes formed therein, according to the
present invention;

15 FIG. 1A illustrates a simplified cross-sectional view of an interposer substrate,
depicting an alternative through hole formed in the interposer substrate, according to
the present invention;

FIG. 2 illustrates a simplified cross-sectional view of the interposer substrate,
depicting conductive lines formed on the interposer substrate, according to the present

20  invention;

FIG. 3 illustrates a simplified cross-sectional view of the interposer substrate,
depicting the interposer substrate having bumps and a protective layer formed thereon,
according to the present invention;

FIG. 3A illustrates a simplified cross-sectional view of the interposer substrate,

25  depicting an alternative method of arranging the conductive lines and bumps formed on
the interposer substrate, according to the present invention;

FIG. 4 illustrates a simplified cross-sectional view of a bumpless semiconductor
die facing the bumped interposer substrate in an unattached position, according to the
present invention;

30 FIG. 5 illustrates a simplified cross-sectional view of the bumpless
semiconductor die attached to the interposer substrate with filler material dispensed

therebetween, according to the present invention;



depicting an alternative through hole formed in the interposer substrate, according to the present
invention; FIG. 2 illustrates a simplified cross-sectional view of the interposer substrate, depicting
conductive lines formed on the interposer substrate, according to the present 20 invention; FIG. 3
illustrates a simplified cross-sectional view of the interposer substrate, depicting the interposer
substrate having bumps and a protective layer formed theggon, according to the present invention;
FIG. 3A illustrates a simplified cross-sectional view of the interposer substrate, 25 depicting an
alternative method of arFiaQih dlineraenductive daasmindibwopsiaireedtdre inehodespéseniadhastrate,
according to the rﬁzsent |nv r%lon FIG. 4 |IIu trates a Si ‘gllfle .cross-sectional V|e\/\130f a bumpless

semiconductor %mr%efha ?}Pﬁ%eend ||‘!?f1enrl esérsgrrb%?ra TR t%lchné%l%osécilﬁ% Séc%drdmg to the
present inventiondé;}ﬁclﬁt(g theilhusiifdtes ammdmrmsﬁmgmbumpemﬁﬁmﬂmaﬂ pléssrate in an

semiconductor die aga hed to the |nte poser efwlth flller terlal c(il,us ed therebetween
. unattache \Peos%tlon (',308 ow 1 rmaterla e vVer eln
according to the present invention, DSfrates a Cross L iisRANIEW O an a PR&Hve method

of forming a filler yniaterial batwdﬁtgaomhmmsmmnductor die and an interposer substrate,
depicting the bumpless lgg{}]? ﬁué{c r die.fa ﬂ%&he bum%) d in erpose ubstrate in Elattached

€S.a,S Cross- VICW O owanle
position with a non-flowa lermateriardis s%osed over the'm erposer lljlsf1 ate, according to the

present inventionmitésial allnsﬁmtaslyadsHpqm&dﬂmhnmsﬁmmmp]eammfcﬂﬁ&lmnrﬂhWMemHHo thaterial
alternatively dlsposed (t))%trwse g0 tr e burr(w) SS se |09Q§je%%tor die attached to the interposer substrate,
according to the pres lnventlon W= e %Iieﬂ%s?r a simpli |e§Pop view of the interposer substrate
having an 10 array of dFd@tt&u:]huslte&;sdepmph@aémmwmcmhdm&ammdmd)mateehdlalmtach sites,
according tqdhe preasyeg% (l"ln Y %R Qn Sites, depicting semiconductor dice attached to the die attach sites,

according to the present invention;

FIG. 9 illustrates a simplified cross-sectional view of a singulated

semiconductor assembly having an encapsulation material formed thereover, according

to the present invention;

15 FIG. 10 illustrates a second embodiment of an interposer substrate depicting
multiple levels of conductive lines in the interposer substrate, according to the present
invention;

FIG. 11 illustrates a simplified side view of the interposer substrate with
multiple levels attached to multiple semiconductor dice, according to the present

20  invention; and

FIG. 12 illustrates a block diagram of the semiconductor assembly of the present

invention interconnected to an electronic system, according to the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
25 Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It would be understood that these illustrations
are not to be taken as actual views of any specific apparatus or method of the present
invention, but are merely exemplary, idealized representations employed to more
clearly and fully depict the present invention than might otherwise be possible.
30  Additionally, elements and features common between the drawing figures retain the

same or similar numerical designation.



FIG. 9 illustrates a simplified cross-sectional view of a singulated semiconductor assembly having an
encapsulation material formed thereover, according to the present invention; 15 FIG. 10 illustrates a
second embodiment of an interposer substrate depicting multiple levels of conductive lines in the
interposer substrate, according to the present invention; FIG. 11 illustrates a simplified side view of
the interposer substrate with multiple levels attached to multiple semiconductor dice, according to the
present 20 invention; and FIG. 12 illustrates a block diagram of the semiconductor assembly of the
present invention intercBIG®:ctedlithisirael @gronés ssysitant yaesc osaint t dalivec priegent imeepiien. BEST
MODE(S) FOR CARRYING OUT THE | VENTIC?N 5 Embodimer}ts of&h%fprese ipventic()f will be
hereinafter described With Fefar e 81y gegggg,ﬁggn%ga?gﬁ,%sggrw Wl B8 unGeretBs d tiat these
illustrations are noHIGhe, takaneapaaeiuabyigis ldDanyl spegifidiapparéius br2mathostobibiepfaesent

invention, but are merely exemplary, idealized representations employed to more clearly and. fully
depict e present THJSHGEH Ban TGRSR e L8 Rt Al EIEF ARG fehtores
common betfveerthaprawing figiudeoretdier fheysane oatsimilaimeimpestcabitasign atioms afdikGS. 1-3
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first surface 112 ahdteosecondsindacdotiédeepiated ihntgrpasanbstiostrdtt)110 may comprise a

flexible material such as, {or, 5 example, & POIMde or othernolymarie matrel. Jicfposer substrate
110 is utilized to provide an electrical interconnec tween one ormore semiconduc ice and
other electronic coerfpenenfsdedafeahdxisrmal sarfaerpdsehasubsiateldificalheinterposstisghstrate

110 may inglyde (iough folee 418 exending heteen, e 1Sk S4IRRe LA ANY R8eR uace 114

thereof for electricsz%lﬁlyl/ Interconne INng a
holes 116 may include tapered, frustoconical walls 118 extending between the first
surface 112 and second surface 114, which, as shown, taper inward from the second
surface 114 of the interposer substrate 110. The tapered through holes 116 may be
formed using any suitable method known in the art, such as, for example, a wet

15  chemical etch or laser ablation.

Through holes 116 formed using a wet etch may result in a tapered wall angle of
approximately 0.785 radians from the vertical, which angle may vary depending on the
type of reactive chemical etchant utilized for removing the interposer substrate material.
From a production standpoint, such wet etching may be preferred since many interposer

20  substrates may be processed at a relatively minimal process time. On the other hand,
while laser ablation techniques may be more time consuming, they provide greater
versatility in forming a broad range of tapered angles, which may be advantageous
depending on the requirements of the designer of the interposer substrate.

Alternatively, as illustrated in FIG. 1A, interposer substrate 110 may include

25  through holes 116 therein formed using a mechanical punch, as known in the art. The
punch may be configured to form any shape of through hole, such as circular, square
and the like, wherein the through holes 116 are defined by parallel punched walls 119.
The punched walls 119 may substantially extend orthogonal to the first surface 112 and
the second surface 114 of the interposer substrate 110.

30 FIG. 2 illustrates the interposer substrate 110 with conductive lines 120 formed
on a first surface 112 thereof. Preferably, the conductive lines 120 are a copper or a

copper alloy material. However, conductive lines 120 may include any suitable



10 semiconductor chip to external components, as explained hereinafter. The through holes 116 may
include tapered, frustoconical walls 118 extending between the first surface 112 and second surface
114, which, as shown, taper inward from the second surface 114 of the interposer substrate 110. The
tapered through holes 116 may be formed using any suitable method known in the art, such as, for
example, a wet 15 chemical etch or laser ablation. Througg.holes 116 formed using a wet etch may
result in a tapered wall angle of approximately 0.785 radians from the vertical, which angle may vary
depending on thecléypécall yeaoiive toheimicai Atonaniy tiiz edatapre podng Uheninie rpeser subshiaye

material. From atlrl)rodtigction standpoint, such wet etching may be preferred since many interposer 20
substrates may be %F(())c'essed at a relatively minimal process time. On the other hand, while laser

ablation techniques mayThe ¢ondadiime laossi20ingytbe Yoprimdds gneateowersedility im doramngualbroad
range of tapered angles, which ma hbe advantageous de ending on the requirements of the designer
of the interposer %?Jégg?roaétlél.oﬂlilélrn%%véqﬁpe{gclﬁfjsé%’ast(ér(?% Ilét.“? , fn%etlaﬁ’gs?eaF Ustiate may include
25 through hblesdbhdibeveirdcrsmed. uBngy aymeckanidal pierneimdastisroiviedri 20arant. bEHerperhbly may
be configured to form any shape of throygh.hole, such as circular, square dF) like, wherein the
through holes 1168 a5y BaeATaB MO AL & E T TR st ah e fi e
substantially extesudbranogbhabtebhefiositsig st idix-ane nthersdoany sustaomiplished e interposer
substrate 110. 30 FIG. 21 iIIustr%tes tie intelrlgoser substrgt 0 with conductive Iines.lgo formed on a

first surface 112 thereot. Bibféra ?/S e conduc |\1/é’:1 nes i%:llgroen’as lcl)tp(E:)relrrr1 rsgreggp%lélr 15111I$Oy material.
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e e N R R A i o
carrying preformedtfeomddusttiya tragase etcndptwaypbbdexaerspls, khevoondbetire flotlesve@2®ynay be
formed by etching using a wet or dry etch to form the conductive lines 120.

The conductive lines 120 may extend over the first surface 112 so that a first

portion 122 extends over a through hole 116 and a second portion 124 extends to a

15  predetermined position remote from the associated through hole 116 on the first surface
112 of the interposer substrate 110. Such a predetermined remote position is selected
to proximately correspond with a first level interconnect pattern, such as a bond pad
pattern of a semiconductor die. In this manner, multiple conductive lines 120 may be
formed so that each conductive line 120 may extend from and/or over a through hole

20 116 to a predetermined remote position on the first surface 112 of the interposer
substrate 110.

FIG. 3 illustrates the interposer substrate 110 with conductive bumps 130
formed on the first surface 112 and conductive bumps 132 formed on the second
surface 114 of the interposer substrate 110. Prior to forming the conductive bumps

25 130, the conductive lines 120 may have a protective layer 134 applied thereover. The
protective layer may comprise any electrical and environmental barrier formed of any
known material, such as a solder resist. The protective layer 134 may be provided in
the form of an epoxy-based paste or in dry film form, which serves as a surface
insulator and mask for those areas where electrical interconnection and plating is not

30  wanted. The protective layer 134 may be blanket deposited and selectively etched to

form apertures exposing the second portions 124 of the conductive lines 120. By this

arrangement, the second portions 124 of the conductive lines 120 may be exposed for



depositing a layer of conductive material over the first surface 112 of the interposer substrate 110.
Such depositing of conductive material may be accomplished by physical vapor deposition, chemical
vapor deposition, sputtering, screen printing, vacuum deposition, or other any known method of
depositing a thin conductive 10 material. The layer of conductive material may then be selectively
masked and patterned using a positive or negative photargsist as known in the art followed by
etching using a wet or dry etch to form the conductive lines 120. The conductive lines 120 may extend
over the first surfﬁaz&lﬁé:&lgaﬁhabmﬁtﬁin mmﬁemdlﬁﬂlﬁxremdmpv%a theosoph hdlealsbocandragerednd
portion 124 extenij1 stoal5 re eter osition re mote fr the 1a(rissouated thr h ho 116 on
the first surface 112 &P fﬁ}ee‘f erp serg] SSIZRED. gruc)ﬁam%re&e frinsd YeMdve Eggﬁltl)en i8'Slected
to proximately coseespordrtuite Bl firstieve, |fnee&aﬁmﬁ@tao@rtyeﬂmnmteasva hyad laadqcpaﬁheyn of a
semiconductor die. Itn this manner ultl #%%ortldu tIV? hnes 12 E%a}g) be fornled §o ? ach
conductive line 1?60ma38/ & elﬁ(étlﬁomngsrl or ovef a rosugﬁ”rlrorfe 186 1z;sreproeC etel ermlned remote
position on the firghsturfacentl?zafghadrieifigsetticu bﬁtlt&iep]ai:m.rd%l ﬁ)rﬁlemmmstébe\mﬂewoﬁén
substrate 110 with ¢ uc ve bumps.130 fo med on the first ce ndu tive bumps 132
formed on the sego %t surrg{:rélaflﬂp Of e C|1r111 elr‘f)%slérrn b%ig L@ r(lilor ormlrrne 8! Hbri%l?lve
bumps 25 130, thas cohdugtisiedinespi2@.may have a protectlve layer 134 applied thereover The

protective layer may corzrl‘}ﬁrlse eIe trical ii?ﬁ enV| ent Ibatrrler form%dsgofo?lgé)p KNQ anZTate”al

rme

such as a solder resist. The pro ective ailné)r ma?/' e prOV| © e TS OXy-based paste
or in dry film formyfuinicloséuvesedsnassiizfcoe amslﬂtaroryarn@mmljmcﬁwm anedscwblese ieatgcal
interconnection and plating is not anted. T rote |ve laye be blanket deposited and
selectively eﬂ@:heg togefsorrr:rglé%erﬂrgeléc\g%ﬁé&rﬁlg Sthe secol 6bzr ons %ﬁegco%ctlve lines 120. By

this arrangementrthletssnord poxtions ﬂ)ﬂmeﬁehemkptduonvbznrm‘shbz&bndaytb@ éxpoded for -9-
facilitating the formation NS EABIHEIE SHMRR I3 dNESGMe (LS ARAWEIME M 1y, the
conductive bumps may be formed in recesses 136 so that the conductive bumps 130
abut with an end 126 of the second portion 124 while also being disposed in the
15  recesses 136 (see FIG. 3A ). Such a recess for the conductive bumps to be disposed in
may result in a reduction of height in the conductive bumps 130 with respect to the
interposer substrate 110 compared to providing the conductive bumps 130 directly on
the conductive lines 120. In either case, the conductive bumps 130 are configured to
slightly protrude from the first surface 112 of the interposer substrate 110 as a first level
20  interconnect and configured to correspond to and interconnect with a bond pad outline
on a semiconductor die.
Conductive bumps 132 are formed in the through holes 116 and are sized and
configured to protrude slightly from the second surface 114 of the interposer substrate
110. The conductive bumps 132 may be configured to electrically and mechanically
25  interconnect with the first portions 122 of the conductive lines 120 that extend to and/or
over the through holes 116 on the first surface 112 of the interposer substrate 110. The
conductive elements 132 are configured in an array as a second level interconnect and
configured to correspond to and interconnect with a terminal pad pattern of a circuit
board, other higher-level packaging or even another semiconductor substrate. It should
30  also be noted that conductive lines 120, as shown in broken lines in FIG. 3A, may be
formed on second surface 114 of interposer substrate 110 and contacted by conductive

bumps 132. Recesses 136 may be extended, also as shown in broken lines in FIG. 3A,



that a protective layer 134 comprising, for example, a solder resist, may be applied over second
surface 114. Use of, for example, a dry film protective layer 134 not only protects conductive lines 120
but, as best shown in FIG. 3, precise location of the 5 apertures and sizing and configuration of the
apertures formed in a protective layer 134 facilitates formation of conductive bumps 130 and 132 and
enables a finer design rule as to bump size and pitch. Thegconductive bumps 130 may be formed on
the exposed second portion 124 of the conductive lines 120 by an electrolytic plating process or an
electroless platinforlédpracessobdatieonaugivve3duvips:d Skramywiehsizecbadacdonfigigse2ndine
predetermined Iocatiorgis offthe ??EOL}(EPPQrtio 24 of the c%nducti(ye Iine?[ilZO to correspond with
bond pads of a s&HICNAUCHY die (no ssnlévV\Yh)l. ,&If‘é)ﬁ"laarlﬁl\llte'iy?ttﬁgn SRR B S H?Sy B2 formed in
recesses 136 so #idhtthredbndantivechuphd 3@ oab ytitiide dnknd H@6 af desisdcandqoréidrinl24 while

also being disposa%goindgl‘rlleéS.{ﬁ:gﬁsseg éLI%6 @gIIe.FJlG. 3A). Such a recess for the conductive bumps to
be disposed in may reSURSN & tedultios of%elgﬁ?in the conductive bumps 130 with respect to the

interposer substrate 11Acompare cith@povsdingrinentonduativddeonpsclise olireptlyt Anatbdeleonductive

lines 120. In either case \'EQ% condli%?[ve b mps 130 are (il?nfl%r?d to S|I% E:Iélgprrfglrude féom the first

surface 112 of thé IR élrcgoseruén strate 110 as 4 first level 24 ntse}/cb@%tnheec N 'coﬁffgnljcrf:ed to

correspond to andi¢ateshoindatingthraleomal pad htithig) praracse mic ot tn dier @ ondactive bumps

132 are formed in the throu oles 116 and are sized and configured tg protrude slightly from the
second surface ﬁﬁ%ﬂﬁ{éﬁg’t%‘gpn Stbstrate’ e@éﬁ?ﬁ%ﬁé%% Uetve %u‘??}l&hfgzgl r%%/%?é%grr]ﬁgured to
electrically and meetindemacalht26ingtdisoinettalitofhicfirstdartibnpli@d, of dindero natictiy/ &dimes 120 that

extend to angior gvey e firouahnales LP.on (e fistsuifaes 14401 Ms nteiposer subsate 110
The conductive elements 132 are configured in"an array as a second level interconnect an
configured to coriespainchtoanty ¢liepsdiect with @s tecathvalepadmetterof afdreataelitcooatdpatier
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may be caused to deposit and build up to a predetermined size to form the conductive
bumps 130 and conductive bumps132 on the exposed second portions 124 of the

15  conductive lines 120 and the exposed first portions 122 of the conductive lines 120
extending over the through hole 116, respectively, in the interposer substrate 110.

Likewise, the conductive bumps 130 and conductive bumps 132 may be formed
simultaneously on the interposer substrate 110 in an electroless plating process. As is
well known in the art, an electroless plating process comprises the deposition of

20  metallic particles from a chemical solution, usually at elevated temperatures, without an
electrical current flowing as is used in the electrolytic plating process. The electroless
plating process is highly controlled in producing a uniform thickness of up to several
mils; however, such electroless plating process is more time-consuming than the
electrolytic process. For purposes of the present invention, either the electrolytic

25  plating or the electroless plating process may be utilized in forming the conductive
bumps 130 and conductive bumps 132.

Thus, the electrolytic plating process employs an electrochemical plating
process for depositing a conductive material. Likewise, the electroless plating process
employs a chemical plating process. The conductive materials utilized in the

30 electrolytic plating and electroless plating processes may include a base layer of tin or
nickel followed by a gold layer, or plated layers of tin/silver/copper and alloys thereof.

Other conductive materials may be utilized in the plating process in various



formed on second surface 114 of interposer substrate 110 and contacted by conductive bumps 132.
Recesses 136 may be extended, also as shown in broken lines in FIG. 3A, -10- for contact of
conductive bumps 130 formed therein with the conductive lines 120 on second surface 114. Thus it
will be apparent that conductive lines may be used on either the first surface 112, the second surface
114, or both as desired or required, in accordance with thg present invention. 5 According to the
present invention, both the conductive bumps 130 and the conductive bumps 132 may be formed
simultaneously bydhdiahtvesrefeieedddyaicainohyvnplatitgaar sigctroless: phatiplg, puggesseiskds is well

known in the art, gn electrolytic plating process i a metal deposijtion process in which.an electrolyte,
or 2 Solution cortHIRH A EAI B e B AERR HOIBTe LRA RS an 10 ancde
into the electrolyte and dnioribie Eiposeddinsivaostions 12Q aad setant:portiansed 24tloh conductive

lines 120 serving as a cathode by means of a direct electrical cyrrent applied.to the ele troli/ from
the anode to the LHDUBL LR RAGHT T DA P T b Ly 6 St LBTES GEpCar Sl B to 2
predeterminéd sizd4o fopharthetgoeglictiventsdormpeiddR éndtconputiartlbps I8Ruoh dhaxg@osed

second portions 124 of.the 15 conductive lines 120 and the exposed first ions the.
conductive lines 136 ARG Vel Bro GO TR T pRug i e a1 Bate
110. Likewise, theodindivetivenipsnipe di3@andessiod udtiveeipuseps 3 aral/1beafaimsed simigitaneously

on the interposer sybstiate, L10.1n an glectioleas plaing pracess. A el knaundndhearian
electroless plating process comprises fe eposition 20 MSAie parﬂc s'frOma Ehemicalsd ution,
usually at elevateshtdmypieraiungss Withdd2 aff seteothoaldiicremt ftoghngre ¢oplsediiy tha edaatrofytic

plating procgss. The electioless, plating process s ighiy contiplld n producing g unifogm thickness
of up to several ml‘fs; owever, SUER Slectroless piaﬁng pPocesé IS more time-consuming than the
electrolytic processnkonpucposis tfile preganeirsbatiote, Eithauilvdb kel sutfadytitn2 platergpbritive
E{Jeritg‘;'izzp'a“”%rv? SR 0NRY Rz S dorming e sRnduriie RHDRSHRA0 gondyctive

conductive or conductor-filled polymer, or PbSn solder. Of course, gold may be plated

as part of the bump plating process, as may consecutive layers of tin and lead, while a

15  polymer or a solder paste may be applied to the surfaces of conductive bumps 132 after

formation thereof.

In an alternative embodiment also depicted in FIG. 3A, the electrolytic plating
or electroless plating processes may be limited to forming the conductive bumps 130 in
their entireties. In other words, the plating process may not fill the through holes 116 to

20  sufficiently form the conductive bumps 132 in the time taken for entirely forming the
conductive bumps 130. In this case, the through holes 116 may be filled with a
conductive paste 138, such as a solder paste. Preformed conductive bumps 132 may
then be disposed in the conductive paste 138 so that the conductive bumps 132 slightly
protrude from the second surface 114 of the interposer substrate 110 as a second level

25  interconnect to correspond to and interconnect with a terminal pad pattern of a circuit
board, other carrier substrate, or another semiconductor assembly. The preformed
conductive bumps 132 used in this alternative may comprise any conductive material,
such as solder balls. Further, a conductive paste may be used to fill through holes 116
without prior plating, if desired.

30 Turning to FIG. 4, a partial cross-sectional view of the interposer substrate 110

of the present invention and a semiconductor die 140 in a mutually superimposed but

not yet assembled position is illustrated. The interposer substrate 110 includes the



Thus, the electrolytic plating process employs an electrochemical plating process for depositing a
conductive material. Likewise, the electroless plating process employs a chemical plating process.
The conductive materials utilized in the 30 electrolytic plating and electroless plating processes may
include a base layer of tin or nickel followed by a gold layer, or plated layers of tin/silver/copper and
alloys thereof. Other conductive materials may be utilized i the plating process in various -11-
combinations of plated layers as known in the art such as, for example, copper, nickel, chromium,
zinc, brass, cadmivindusiivehuegs, Id0and geldwringatioypinaeainiidd owted hatodingddaivaizumps
130 may be formed or coated with.a surface finish or caating comprising.a compliant, deformable or
compressible malEHEFIS RIS A 1A Lbpithity R ERon BF EShad GV B 56 A Lo 1
such a surface finighudee mployied salifjiot ddd prdssiaiciofafaeemiddnditictor dieyl 40Hsed falls.18pagainst
conductive bumps 130 or.compression of interpaser substrate 110 against a.carrier substrate such as
o printed irouit SRR S GO ARG o NGO IR e e SIS 32 of
somewhat differemivheightarintaeoplanplity atraicomimon d0-temel, withoupeafiade ththedonductive

bumps 130, 132 o1 to othe plements of scmicenfuciofdie 140,0ninieTpaser subsliate 140, Juitable
surface finish matenafs tor provuflng some relaxation o copl}anarl y issues include, Whthoutiitation,
gold, a conductiven or bonderttordiil dmpighydser4 6. sakddro i, Godiradpgoddmiaynbecplatice as part

of the bump plati rocess, as onsecutive layers of tin an&§ ead jle a 15 polymer or a solder
paste may be apg%((a%rf%yt & GA g?(l-:-gs&o I(t:oh@dghvuea )k/)lﬁlﬁ@l S130% ({:-rra%?c%rm@tion thereof. In an
alternative embodiment Ialsedepistadbile dpGsi86n tHe etectuotyticiplating 30r @lebtrolespqskating

processes may be |imited t gformin .the conductive aum s.130 in. their entireties. In other, words, the
Dot prooks e e TR ol FOE A 18 B RS
the time taken fodent#8linfprepigtitie f@ontiuetleech inepsoh8ectinShid pasednegrrmalgichole®116 may

be filled with & cqductive PANR LA 0 A% 3 RIISh PESIS: " P10 e SRRTHSINS QumRg 156 may
may be accomplished with mechanically or optically referenced pick and place
equipment as well known in the art.

15 FIG. 5 illustrates the semiconductor die 140 mounted to the interposer substrate
110 so that the bond pads 146 interconnect with the conductive bumps 130 formed on
the interposer substrate. Such an interconnection forms a gap between the
semiconductor die 140 and interposer substrate 110, wherein a dielectric flowable filler
material 150 may be dispensed from dispenser head 152 to fill the gap. Prior to

20  dispensing the dielectric filler material, the conductive bumps and bond pads may be
bonded in a suitable process for the material or materials of conductive bumps 130. For
example, if a plated bump with a thin gold coating is used for conductive bumps 130,
thermosonic bonding may be used to interconnect conductive bumps 130 with bond
pads 146. Heat-induced bump reflow may be used if conductive bumps are formed of a

25  tin/lead, silver, or other solder material. Eutectic bonding may also be employed. The
dielectric filler material 150 may then be dispensed to fill the gap by any known method
in the art such as, for example, capillary action or by positive pressure from dispenser
head 152, with optional application of a negative pressure (vacuum) to the gap at a
location opposite dispenser head 152.

30 FIGS. 6 and 7 illustrate an alternative method of providing dielectric filler
material 150 between the semiconductor die and the interposer substrate. Specifically,

a nonconductive film 154, which is non-flowable, is positioned on the interposer



then be disposed in the conductive paste 138 so that the conductive bumps 132 slightly protrude from
the second surface 114 of the interposer substrate 110 as a second level 25 interconnect to
correspond to and interconnect with a terminal pad pattern of a circuit board, other carrier substrate,
or another semiconductor assembly. The preformed conductive bumps 132 used in this alternative
may comprise any conductive material, such as solder bglts. Further, a conductive paste may be used
to fill through holes 116 without prior plating, if desired. 30 Turning to FIG. 4, a partial cross-sectional
view of the interpagsitiaubsti@te &ldrsof dhfager ¢ sentlinyaoiicmmadnctiaestmidddduatos aigpd dain a

mutually superimpgsed but not yet assembled.posijtion is illustrated.. The intergoser substrate 110
incudes e 15 SOROUAIE (g L6 A LN TR BUPRRE A BPrtah - SHERTHR from the
respective first sutia¢e0ldi2imnachssaontstikate0] 2fdhetdoh. thbecseicuadnctuctiie die) Iddy trcludes an
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semiconductdr dite andinnogespesifidallyotideastiienapsiade ab42okthe samicondugtotidice 140 do
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elvidual somieoha SRS R 98428 HARAEE0 & PESRAREAR DRSS NI B ) 1 the
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and aligned with the bon ds.146 an the semiconductor die, 140Q in preparation for a first level
interconnect. Sucst'?rf)uocsolﬁ%#l%g glr?d%ﬁgnma o ugtévgmfé%lﬁal%éjrl df%r%fﬂp ?){ﬁ?gd%{jr%%hveél%ﬁmps
130 of the interpdsatesitbstiahdrt®mpaytine acoodeptisheefMittpmeehdnidalhdoreaptibaliynéfprénced

pick and pl equipment as well known 'nrﬂ;1 art, 15 FIG. 5 illustrates semicondyctor die 140
ounted to Tle melRob R L T e T L T TR Comenuctve
bumps 130 formedtanative intehpdseasulsdtdte. sSugblandmtBrcmihie (e fonmsad gdmbetweehethe

semiconductor dig 140,and |BIerDOSS.SURRSYS 11 UrdEr S & dRIe G NRRIE kL,
manufactured by Hitachi Chemical, Semiconductor Material Division, Japan.

As another alternative to a flowable filler material or an NCF, an anisotropic

15  conductive film (ACF) wherein conductivity is restricted to the Z-axis perpendicular to
the plane of the film may be employed. In such an instance, the conductive bumps 130
need not pierce the ACF, as the bond pads 146 and conductive bumps 130 will be
placed in electrical contact through mutually laterally insulated conductive elements
carried by the dielectric portion of the ACF and extending therethrough transverse to

20  the plane of the film. A suitable ACF includes an FC 212K or FC 262B film from
Hitachi Chemical, Semiconductor Material Division, Japan.

As another approach, an NCF may be provided over the active surface 142 of
the semiconductor die 140 and other unsingulated dice at the wafer level. The wafer
having the NCF disposed thereon may then be singulated into individual semiconductor

25  dice, which then may be mounted face down on the interposer substrate 110 so that the
conductive bumps 130 pierce the nonconductive film 154 and mechanically and
electrically contact the bond pads 146 on the singlulated semiconductor dice 140, in a
manner similar to that previously described. In a similar manner, an ACF may be
applied at the wafer level.

30 Turning to FIG. 8, a top plan view of a multiple die site interposer substrate
1110 with multiple semiconductor dice 140 attached thereto is illustrated. The

interposer substrate 1110 includes multiple die attach sites 160 in a matrix of columns



material 150 may be dispensed from dispenser head 152 to fill the gap. Prior to 20 dispensing the
dielectric filler material, the conductive bumps and bond pads may be bonded in a suitable process for
the material or materials of conductive bumps 130. For example, if a plated bump with a thin gold
coating is used for conductive bumps 130, thermosonic bonding may be used to interconnect
conductive bumps 130 with bond pads 146. Heat-induced hump reflow may be used if conductive
bumps are formed of a 25 tin/lead, silver, or other solder material. Eutectic bonding may also be
employed. The dieteaing. filkachnditesial ch5OtenBg0 thenktedisgensectioefill dhaigaplbyranyikndvn

method in the art such as, for example, capillar jon or, by.positive pressure fro ispe r head
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die site interposer substrate 1110, a dielectric encapsulation material 172 may be

provided over each of the semiconductor dice 140 and its associated interposer

15  substrate 110. The encapsulation material may be provided by any known process,
such as transfer molding, injection molding or pot molding. The encapsulation material
172 provides environmental protection to the semiconductor die 140. A dielectric filler
material 150 or an NCF 154 may also be employed, as desired, prior to encapsulation. It
is specifically noted that adequate clearance may be provided between die sites on an

20  interposer substrate 1110 so that a blanket deposition of molding compound on the first
side 112 of interposer substrate 1110 may be employed to encapsulate the back sides
and sides of all semiconductor dice attached thereto, followed by singulation of
individual assemblies of semiconductor dice 140 with associated interposer substrates
along broken lines 162, as by sawing.

25 Thus, according to the present invention, interposer substrate 110 provides
conductive bumps 130 formed on the first surface 112 thereof to provide a first level
interconnect to bond pads 146 of a semiconductor die 140. Additionally, interposer
substrate 110 provides conductive bumps 132 on the second surface 114 thereof to
provide a second level interconnect to a carrier substrate or another semiconductor

30  assembly. With this arrangement, the conventional step of wafer bumping is eliminated

by providing the conductive bumps 130 on the interposer substrate 110. Therefore, it

can be well appreciated by a person of ordinary skill in the art that if the conductive



15 conductive film (ACF) wherein conductivity is restricted to the Z-axis perpendicular to the plane of
the film may be employed. In such an instance, the conductive bumps 130 need not pierce the ACF,
as the bond pads 146 and conductive bumps 130 will be placed in electrical contact through mutually
laterally insulated conductive elements carried by the dielectric portion of the ACF and extending
therethrough transverse to 20 the plane of the film. A suitaggle ACF includes an FC 212K or FC 262B
film from Hitachi Chemical, Semiconductor Material Division, Japan. As another approach, an NCF
may be provided inuapiHe @otiven shitdaes 4 nfrike [dOnedadlugidicdiest 40 rephatiyethunsiagokaied
dice at the wafer level. The wafer having the NCF dispos
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210 includes additional conductive line connections 228 at multiple levels within the
interposer substrate 210, which interconnect to the conductive lines 220 on the first

15  surface 212. Conductive bumps 230 may be formed on the conductive lines 220 on the
first surface 212 by a plating process as set forth with respect to the first embodiment.
Conductive bumps 232 may also be formed in the recesses 216 on the second surface
214 through the plating process, simultaneously with conductive bumps 230. In the
alternative, after forming the conductive bumps 230, a conductive paste and conductive

20  ball, such as a solder ball, may be disposed in the recesses 216 on the second surface
214 of the interposer substrate 210. A portion of recesses 216 may, of course, be plated
during formation of conductive bumps 230.

FIG. 11 illustrates the interposer substrate 210 of the second embodiment with

multiple semiconductor dice 240 mounted thereon by conductive bumps 230 on bond

25  pads 246 to form a multi-die package 270. The semiconductor dice 240 may be
underfilled with a dielectric filler material 250 or an NCF 254 and encapsulated with an
encapsulation material 272 for environmental protection of the semiconductor dice 240,
as previously set forth with respect to the first embodiment.

In the second embodiment, it can be well appreciated by one of ordinary skill in

30  the art that the multiple levels of conductive lines 220 in the interposer substrate 210

may facilitate the assembly of multiple semiconductor dice 240 in a single package to

form, for example, a multi-chip memory module or a multi-chip module including



encapsulation material 172 formed thereon. Either prior to or subsequent to the singulation process, if
a plurality of semiconductor dice 140 is connected to a multiple die site interposer substrate 1110, a
dielectric encapsulation material 172 may be provided over each of the semiconductor dice 140 and
its associated interposer 15 substrate 110. The encapsulation material may be provided by any known
process, such as transfer molding, injection molding or pggmolding. The encapsulation material 172
provides environmental protection to the semiconductor die 140. A dielectric filler material 150 or an
NCF 154 may alstiffeeimgiasast, @sitesidedigpriicdo Rindepsilationnticisigpegiticatly fiwted that

adequate clearance m #betprovided bet}g/eere dﬁ sjte? gn a{E 20 ir%lter osgr sub?tg@te ](11 O sothata
blanket depositioﬁntl) ? 10(%@1186%%)8%%1 e irgtmsCld1 T12%N élrcplélsee UBS a4 i may be
employed to encapsuiaiévthddask sithsoarid sidpscafalfisedicondliciosdidd 4tachad thenetdde
followed by singulation of ingivi%u\a}l 1as%emblies of emicog uctPlr gice 140 witth1 aﬁsociated interposer

respective rsf erconnect cond leve élerc nnect. sa %0 .
substrates along rokén-lines Yy Sawing. us, according to the present invention,

interposer substratattifparevithas faondtiotive bunus-ddp foodhdd winthe firstls et enldgddeereof to

provide a first level interc? ?ct to.ﬁl(i)lrll(ghgads 14 81f a rseesrg)nicg)nrl/du tor di %Qt}ﬁdditiopally, interposer
Re“dBEany St

substrate 110 pros\l/llb etga%eon uctive’ umps 759061 acem A% théreot Poseé)rovide a second

level interconnectotaducaveémssbatitatd Giranatherceadisoofadecid3q 4sseamblierpdittr thissarr@ngement,

the conventional giep of yafer umpin s eliminated, by providing the conductive fymps 130 on the
interposer substrate 1y refore, it can be well appreciated By a person 0P0r8|nary skill in the art
that if the conductive -1\ shilioys &30l auk ihitenpas évrau bsthateih d GEre F2Heynidendosbof replacing

the interposgy subsirats 1104s subsiantialy Jess \han ihg replagement ol semiconducton dice having
faulty bumps. In Sther wgras, SEmiconductor dice aré more cos y {o replace than the mférposer
substrate 110. Fuhtrenhore, strmespaneotl slynfanmd gatlaecwomid botivd Hinnpsieek3Pramd oonctu e

3%22231_ 3F°u ﬁﬂé’?%%%ﬂi% %%%?ﬁlvg%;%%ﬁeﬁ.;ﬁ%%ﬁfﬁggt‘%n‘%‘@ ¢y mpifigsdne Assemblaang akyigation
connected to a processor device 320 which communicates with an input device 330 and
an output device 340. The input device 330 may comprise a keyboard, mouse, joystick

15  or any other type of electronic input device. The output device 340 may comprise a
monitor, printer or storage device, such as a disk drive, or any other type of output
device. The processor device 320 may be, but is not limited to, a microprocessor or a
circuit card including hardware for processing instructions for the electronic system
300. Additional structure for the electronic system 300 is readily apparent to those of

20  ordinary skill in the art.

Thus, it will be readily apparent to those of ordinary skill in the art that the
present invention provides a simple, robust and economical interposer substrate and
resulting packaged semiconductor die or dice. The bumping of an interposer substrate
enables discarding of defective interposer substrates before attachment of a

25  semiconductor die thereto and thus eliminates scrapping of assemblies due to defective
interconnects. Further, the capability of forming bumps on both sides of an interposer
substrate by simultaneous plating thereof speeds the interposer fabrication process and
results in exact bump placement and precise bump dimensioning. The elimination of
wafer bumping with solder balls by use of the present invention also speeds up the die

30  fabrication process and eliminates defective bumping concerns with respect to the
wafer. Furthermore, the present invention enables reduction in package thickness in

comparison to solder-bumped assemblies and a further reduction in thickness through



used to eliminate the use of solder balls, thereby providing a lead-free assembly. FIG. 10 illustrates a
multilevel interposer substrate 210, according to a second embodiment of the present invention. In the
second embodiment, the interposer 10 substrate 210 includes a first surface 212 and a second surface
214 with recesses 216 formed in the second surface 114 thereof. Similar to the first embodiment,
conductive lines 220 may be formed over the first surfacg212. In addition, the interposer substrate
210 includes additional conductive line connections 228 at multiple levels within the interposer
substrate 210, whiehusetefcamyectigptkedconttmipieinesc220aonBhan fifsbldesbatacadaplogaductive
bumps 230 may he formed on the conductive lines 220 on.the first_ surface 12(# a plating process
2 st forth vith FEEABEP TG FIGE SRS RS e L o Bl e
recesses 216 on thesgcholsoirfeaae i2 it ougkotier platingprdeaeksp@indyianeouslyaiith gonductive
bumps 230. In the allternﬁ\ltjvlc(e111 aft%r formin thef condtuctivo? t%um(ﬁﬁ 2 Oua conductive paste and
conductive 20 baﬂ?%ua § a¥asoier B%ﬁF,Srsna%%ea |(§rpbosne0 iNThe recesses 216 on the second surface
214 of the inferposer subéhiaieh? e A manventafnrteebses Aidanalimofcourse cheaptatedenklying
formation of conduc}ive aum s 230. ][:IG.dljltiIIusjrate%ﬁthe ipt{%‘rgosefr sabstrat(?( 0 (&1; thet second
embodiment withprr%ﬁﬁri% e SEmiconductor dice B0 folintea therson %rylélgr tctve buerreﬁnr)svﬁl Oon
bond 25 pads 246doctormandnipipreiapabkate Bi@nfibe isemiconduntadr dicklifiddsmfchensrdelfilled
with a dielectric filler.material 250 or an NCE 254 and encapsylated with an, encapsulatiop material
272 for environ mé%?t%?%r%&%%%i%%% ﬁ*llsedsoesr%dlc%rrl]l?ﬂ?iclfg?rglsce %Lhe %%e%tregv%%%?&l ts%?%r}[‘ﬁ%v%ﬂnrlespect to
the first embodimintsdopthef ske tmcetmobedinhkantcd loanibe Svelllappréciated Hyornmotmtdidangekill in
30the art t tth(?n muLti é%rlne]ylglesdofiﬁ?ﬂgougtg/ Iin&lserzv%gdn rtglrtlalailntﬁzlr 0ser gﬂpestrc%tee%%(gh may facilitate
the assembly of m&Pﬁp esemiconductor dice 248 N smgefe pacll?a 0 form, for %xampfe, a
multi-chip memonpvaondade or a multi-chip module including -16- different types of semiconductor dice.
Further, in a manner similar to the first embodiment, interposer substrate 210 includes the conductive

bumps 230 and the



conductive elements 232 on the respective first 212 and second 214 surfaces to provide a respective
first level interconnect and second level interconnect. It is also 5 contemplated that fabrication of a
multi-chip module using a single level interposer substrate 110 lies within the scope of the present
invention and that the use of conductive lines on both first and second surfaces 112,114 of an
interposer substrate 110 may be particularly suitable for fgdrication of such a multi-chip module. As
illustrated in block diagram form in drawing FIG. 12, semiconductor 10 assembly package 170 or 270
of the first and second embodiments or equivalents th€ieofNy be respectively mounted to a circuit
board 310 in an 1(l:troni S};lstgm.SOO, such as a computer system. In the electronic system 300, the
circuit board 310 e—tonretted to a processor device 320 which communicates with an input
device 330 and an output desdeec3dudibedeyiut deded3300mayidamprise a keyboard, mouse,
joystick 15 or a”yat"f{?aes% e of electonic H}Q&é%%%‘”%%aIﬁseos‘ﬁthgﬁede?@’&Caeb%fé‘E surtice hERChyE
monitor, printer of storage device, such as a disk drive, or any other type of output device.
processor device 320 mayfhes hatiisgriatnihpites dogreomianoprocessor or a circuit card including
hardware for processing instru tic%n f(ﬁr the el?ctrtonic}fsg/sltlem 300. Ad itiogal structure for the
electronic systemagblbt? Pesgaﬁlf/ aslﬁﬁaere%‘{lpogt%ogse 3" 26%raina yC i tSe %I%%Pﬁ'ﬁﬂos,nll Wil be readily
apparent to those of ordinharfskillandthacaxirithat three pilesemidnventibnmpe pickesidi sgniipley, iabtisttand
economical interposer substrate and, resulting packpged semipandyctor die ot dige, The bumping of
an interposer substrate enabies Blscardlng of defsctive |rl1]terposer SUbStrated ge?ore attachment of a
25 semiconductor die thereto and thus eliminates scrapping of assemblies due to defective
interconnec, Further, Gye-gapabiity,of forming bumes. apbotn pides of s nterposer, sybstrate by
simultaneous plating thereo speec]is the' i erposer abrication process and resu Ein &t bump
placement and prielsettufifedimesnsid disgosEidaivnimatiorntdt astaiee bempondwitir salded biadls by use
of the present invi%Qetiogsg}ss% I%Ere?gs up the die 30 fabrication process and eliminates defective
bumping concerns With respec fothe wafer. Furthermore, the present invention enables reduction in
package thickness in

3. The semiconductor device assembly of claim 2, wherein the dielectric filler

15  material comprises one of a flowable material and a non-flowable material.

4. The semiconductor device assembly of claim 1, further comprising an

encapsulation material formed over the back surface of the at least one semiconductor

die.
20
5. The semiconductor device assembly of claim 1, wherein the interposer
substrate comprises a plurality of through holes extending between the first surface and
the second surface with conductive bumps positioned in through holes of the plurality
and protruding from the second surface of the interposer substrate.
25

6. The semiconductor device assembly of claim 5, further comprising at least
one conductive line on the first surface of the interposer substrate, the at least one
conductive line extending between at least one of the plurality of through holes and
operably coupled with a conductive bump positioned therein and at least one of the

30  conductive bumps protruding from the first surface.



comparison to solder-bumped assemblies and a further reduction in thickness through -17- the use of
bumps disposed in through holes or vial. Even if solder balls are employed for the second level
interconnect, placement thereof is facilitated by the presence of the through holes or vial in which the
solder balls may be disposed, as is a reduction in package thickness by recessing of a portion of the
solder balls. 5 While the present invention has been disclgged in terms of certain currently preferred
embodiments and alternatives thereof, those of ordinary skill in the art will recognize and appreciate
that the invention is not 3o Thiteshidclditions, dieiet ans:aibtly ofadifiafionsdieithehelisaidsedve
embodiments mag be effected V\chOl[]lt dg};%g‘rthng f%om the scope,of the invention. as claimed herein.
Similarly, feature HFORS BRSO SoRAEN ;9 8 ¢S Abing %tﬂriﬂrotsoep 8 RS8tREr while remaining
within the scope of the invention. -18- CLAIMS What is claimed is: 1. A semiconductor device

assembly, comprising: a§ least one semichd&Jctor die h v'n%fari actiye sﬁjrface and a back surface,
. . e semucopdyctor device gssem S g 2 yherein the condtuct%ve
the active 5 surface having bond pads thereon; and an inteérposer substrate having a first surface

having conddctiveumipe psqoradiugifrignthistetramdndfacsecond smgédae dhrecspmaiiciivedatumpst

protruding from the first . surface bor][ged t%tpe bond pads on the at least one semiconductor die. 10 2.
. terramal ads on diother sibs ralte _ ) L : )
The semiconductor device assembly of Claim 1, further comprising a dielectric filler material disposed

between the at least one semiconductor die and the interposer substrate. 3. The semiconductor
device assembly of clairg 2Twherein th diel%ctric filler m ef'ial Cf)%rises ne qf a flowable
. he S?mICPn utf Or device assem CX clalm CB?IH the 1n 61110%61‘
material and a non-flowable material. 4. The semiconduc evice assembly of Claim ‘1, further
comprising an erchgsattationpriatsridl éaibhechaenthe back surface of the at least one semiconductor
10
10. The semiconductor device assembly of claim 1, wherein the interposer

substrate comprises a polymeric material.

11. The semiconductor device assembly of claim 5, wherein the conductive
15  bumps protruding from the first surface and the conductive bumps protruding from the

second surface comprise plated masses of metal.

12. The semiconductor device assembly of claim 5, wherein the conductive
bumps protruding from the first surface and the conductive bumps protruding from the
20  second surface comprise at least one of copper, nickel, chromium, zinc, brass,

cadmium, silver, tin, lead and gold.

13. The semiconductor device assembly of claim 5, wherein at least one of the
conductive bumps protruding from the first surface and the conductive bumps
25  protruding from the second surface comprises multiple layers of at least one of copper,

nickel, chromium, zinc, brass, cadmium, silver, tin lead and gold.

14. The semiconductor device assembly of claim 5, wherein the conductive
bumps protruding from the second surface comprise preformed conductive bumps

30  disposed on a conductive paste within the through holes.



die. 20 5. The semiconductor device assembly of claim 1, wherein the interposer substrate comprises
a plurality of through holes extending between the first surface and the second surface with
conductive bumps positioned in through holes of the plurality and protruding from the second surface
of the interposer substrate. 25 6. The semiconductor device assembly of claim 5, further comprising at
least one conductive line on the first surface of the interpgger substrate, the at least one conductive
line extending between at least one of the plurality of through holes and operably coupled with a
conductive bump positiorfedTtheseiniendlad tlaaddviteacf dhd] B ofedaiductive e mpsefrntipdieg from the

first surface. -19- 7. The semiconductq;idﬁ:vi'ce ass mblgl of.claim 5, Wherel'n the conductive bumps

positioned in the ?HP(%HSH" ROTBRER Blrlé o‘?me@’%lﬁé)r t%OB %?ﬁ%/ﬁihné?@f) e SeRscBIdRor device
assembly of claim 5, wherein the conductive 5 bumps protruding from the second surface are
arranged to correspond attern.of terminal pads on another substrate. 9. The semiconductor
device assembly of clainigl, Wegfgﬁcﬁ%ﬁlﬁ{gfp%&?e &l eélilarl;ai?/eocfé:rlﬁbrﬁilésw éﬁeﬂg%bt g r%afnéirslta?.nfo 10. The
semiconductdr devine asdemiblyiotolaprisks wiphreilitthef sueiposéucsulisteate comprises a polymeric
material. 11. The semiconductor device assembly of claim 5, wherein the conductive 15 bumps
protruding from the first surface and the conductive bumps protruding from the second surface
comprise plated massed of Tietsdnii2onkivetee duecrrdisstorbiie vicd @ssénwiyrofncihacnndndwdterein the
conductive. bumpg protuding, o the sk aurfage and (e, donduciive bumpsPifudipg rpgp e 20
second surface comr})nspe at least one o copper, nickél chromium, 2inc, brass,

semiconductor die through an anisotropically conductive film.

10
18. The semiconductor device assembly of claim 1, wherein the interposer
substrate comprises a plurality of through holes extending between the first surface and
the second surface and at least some conductive bumps protruding from the first surface
are positioned in through holes of the plurality.
15

19. The semiconductor device assembly of claim 18, further comprising at least
one conductive line on the second surface of the interposer substrate, the at least one
conductive line extending between at least one of the plurality of through holes and
operably coupled with a conductive bump positioned therein and at least one

20  conductive bump protruding from the second surface.

20. The semiconductor device assembly of claim 18, wherein the conductive

bumps positioned in the through holes are preformed prior to positioning.

25 21. The semiconductor device assembly of claim 18, wherein the conductive
bumps protruding from the first surface comprise preformed conductive bumps

disposed on a conductive paste within the through holes.

22. The semiconductor device assembly of claim 1, further comprising
30  conductive bumps protruding from the second surface and operably coupled to

conductive bumps protruding from the first surface.



cadmium, silver, tin, lead and gold. 13. The semiconductor device assembly of claim 5, wherein at
least one of the conductive bumps protruding from the first surface and the conductive bumps 25
protruding from the second surface comprises multiple layers of at least one of copper, nickel,
chromium, zinc, brass, cadmium, silver, tin lead and gold. 14. The semiconductor device assembly of
claim 5, wherein the conductive bumps protruding from thg second surface comprise preformed
conductive bumps 30 disposed on a conductive paste within the through holes. -20- 15. The
semiconductor device a33emhdyseinitaindukioviieress H@@etﬁmypﬁsﬁﬁiaubstr@t&f@imﬂ%ﬁdntﬂimle layers
of conductive interconnect I|n S th rein 1 The semico uctor #é—:-wce ssembl Ialrp 1, leherein
the at least one %unel SEoN c]flo%' Pem cto plrrlssteS . aﬁFu?’a ty 5 QBT D R e d}? e the
semiconductor devieadisseneblyrooplaihl caldgedintharcaitiubtivebhwhpse pratdickng l‘eem the first
surface are bonded to ‘whboncilp%ﬁl f the at I%a% one semiconductor die through an anisotropically
conductive film. ﬂfuﬂf he' SemicShautor Gevics aassembly of claim 1, wherein the interposer
substrate comprises a plurality of through holes extending between the first surface and the second
surface and at least so ductive bym rotrudin e first osm d in
through holes of he pruiaiy E5S8 AL R Loy Ioh oy BBCE ety S et PR oRTHhLr
comprising at Ieabummepmnmuhﬁn@vfedineImrfitheSae“aoeldmbtﬁammuhevmbmpps@rcsnhhtrgifeomdlat least
one conductive line e ten% betwee t leas one of tp Qhurall%c of th htolec%nand op! rably

surface are 0 u I over a
coupled with a conauc ump po |on dpﬂ@reln AR aleas one con G p protruding

from the second &afacee 20thEHe semiceedudtanthevice assembly of claim 18, wherein the conductive
bumps posi{i&ned in the through holes are preformed prior to positioning.
25. The semiconductor device assembly of claim 22, wherein the conductive

bumps protruding from the first and second surfaces are formed, at least in part, of a

common conductive material.

15 26. The semiconductor device assembly of claim 22, wherein the conductive
bumps protruding from the first surface and the conductive bumps protruding from the

second surface comprise plated masses of metal.

27. The semiconductor device assembly of claim 22, wherein the conductive
20  bumps protruding from the first surface and the conductive bumps protruding from the
second surface comprise at least one of copper, nickel, chromium, zinc, brass,

cadmium, silver, tin, lead and gold.

28. The semiconductor device assembly of claim 22, wherein at least one of the
25  conductive bumps protruding from the first surface and the conductive bumps
protruding from the second surface comprises multiple layers of at least one of copper,

nickel, chromium, zinc, brass, cadmium, silver, tin lead and gold.



25 21. The semiconductor device assembly of claim 18, wherein the conductive bumps protruding
from the first surface comprise preformed conductive bumps disposed on a conductive paste within
the through holes. 22. The semiconductor device assembly of claim 1, further comprising 30
conductive bumps protruding from the second surface and operably coupled to conductive bumps
protruding from the first surface. -21- 23. The semiconducigr device assembly of claim 22, wherein the
conductive bumps protruding from the first surface and the conductive bumps protruding from the
second surface are opetsbhadupigoisrgatiswiile toidughddaiesdaxtenidingai ddast 1pastially through the
interposer substrate. 5 24. The emiconq;jfjcﬁr.device asse%mjx of claim §)3twherein the conductive
bumps protrudindlﬁ%%oﬁ%lgcﬁr NSHNER AN TSR lmf%p&%frﬁu ﬁéaﬁco?ﬁlfﬁjensé%%ond surface
are operably coupletbinapasihyiplacanbedfiievinga éxiendifageomet ateleast antaaf, tihe first anthsecond
surfaces. 10 25. The seﬂﬂconduct r device assembrlxdof clﬁim 2, wherein the conguctive bumps

elr at

. . aving conductive bumps prot g theretrqm arranged in a ern .
protruding from the first anc]i §econ sur acesparg Porme > a easQ[ In paﬂ‘?o a common conductive

material. 15 26. The seroicangduntongievickoadgeihbhttefrctdin Rastwhe reinidundonduditvendtimps

protruding from the first surfage ant e conduct&ve burgg%érotr%dir&%lfr m the second surface

. SECOon U ving conductive S protru Crcirom .arr cdln a .
comprise plated masses ofmetal. 27 e semiconaucior device Assem yo Jaidh >Wwherein the
conductive 20 bumps ppatrediegritspotidinfirst swiadeshpddipetcondtiatbeerbumps paetruding from the

second surface comprisoe a}:AEFSt on?e%f\ggg%er nickel chrbomium Z{'nc braﬁg c%%rt{:iumus'lver, tin,

lead and gold. 28. The SEmiconductdr aevice fs%%r}ngfyt%? c}glnrﬁsﬁ,ov{/ ((191}1 n at least one of the 25

conductive bumps protruding from the first surface and the conductive bumps
10 30. The interposer substrate of claim 29, further comprising a non-flowable

dielectric filler material disposed over the first surface of the interposer substrate.

31. The interposer substrate of claim 29, further comprising a plurality of
through holes extending between the first surface and the second surface and
15  comprising portions of conductive paths extending between conductive bumps

respectively protruding from the first and second surfaces.

32. The interposer substrate of claim 31, further comprising at least one
conductive line on at least one of the first surface and the second surface and extending

20  between at least one of the through holes and at least one of the conductive bumps.

33. The interposer substrate of claim 29, wherein the substantially planar body

comprises a flexible material.

25 34. The interposer substrate of claim 29, wherein the substantially planar body

comprises a polymeric material.

35. The interposer substrate of claim 29, wherein the substantially planar body
comprises multiple internal layers of conductive lines connecting at least some of the
30  conductive bumps protruding from the first surface with conductive bumps protruding

from the second surface.



protruding from the second surface comprises multiple layers of at least one of copper, nickel,
chromium, zinc, brass, cadmium, silver, tin lead and gold. -22- 29. An interposer substrate configured
to bond with both a first level interconnect and a second level interconnect, the interposer substrate
comprising: a substantially planar body having a first surface and a second surface, the first surface
having conductive bumps protruding therefrom arranged ipa pattern 5 corresponding to a bond pad
pattern of at least one semiconductor die and the second surface having conductive bumps protruding
therefrom arranged in a3pati@iceiespondisgde afteliinad pabepdtienicatasoarcief gigbstrate and
operably coupled with the conductive bumps protruding, from the first surface. 10 30. The interposer
substrate of claint ,uﬁut%:eguéno%pcﬁgilﬁgsg %éﬁﬁngw%%L% ra?é?élg’tﬁic filler material disposed over the first
surface of the interposer substrate. 31. The interposer substrate of claim 29, further comprising a
plurality of through hole§1;xtﬁjr%djnt% betweerlljtthetfirsil urfags aqg the econddsutrfacg and 15
comprising portions of conduc Ve p%’t §7eX e%(rzﬁlneg%é: Ween contuctive %ﬁ%lpgc rlggpélcr:? Ser protruding
from the firstiandgecodihgdrfacesse 82st hefdntenpbger uldsicate biiclpsmprdfrptlini éoaorhprstogdt least
one conductive Iinefon at least one of the firstgurtface argd.t?e second surface and extending 20
between at least ONe of the Hﬁ%%%ﬁ%%ﬁré%nacnodl at jeast he 6 the conductive bumps. 33. The
interposer substrate of claim 29, wherein the substantially planar body comprises a flexible material.
25 34. The interposer supstegle of olaim, 29, hareln the sustantiall planat body, cemprises a
polymeric material. 35. The intéerposer substrate of claim 29, wherein the substantially ptanar body
comprises multipfeonietingl feyerhoficandutiive it dscondecting atngagirsombngf filven 8@ conehdctive
bumps protfying frerm s et 2uRgs: WD Seneissive RUmPR RIS rome sasengsurface

silver, tin, lead and gold.

39. The interposer substrate of claim 29, wherein at least one of the conductive
bumps protruding from the first surface and the conductive bumps protruding from the
15  second surface comprises multiple layers of at least one of copper, nickel, chromium,

zinc, brass, cadmium, silver, tin, lead and gold.

40. The interposer substrate of claim 29, wherein conductive bumps protruding
from at least one of the first and second surfaces are partially received in through holes

20  extending through the substantially planar body.

41. The interposer substrate of claim 40, wherein at least some of the
conductive bumps partially received within the through holes comprise preformed
bumps.

25

42. The interposer substrate of claim 41, wherein the preformed bumps

comprise solder balls in contact with a conductive paste disposed within the through

holes.



36. The interposer substrate of claim 29, wherein at least some of the conductive bumps comprise a
plated metal material. 37. The interposer substrate of claim 29, wherein the conductive bumps 5
protruding from the first surface and the conductive bumps protruding from the second surface
comprise a common conductive material. 38. The interposer substrate of claim 29, wherein the
conductive bumps protruding from the first surface and theconductive bumps protruding from the
second 10 surface comprise at least one of a copper, nickel, chromium, zinc, brass, cadmium, silver,
tin, lead and gold. 39. Tha.iarpdset stihsirdie ah champa2r witsteir dhldagtadhetaétbe conductive
bumps protruding from the first surface and the conductive bum otruding from the 15 second

1 g2 Srapth iy

surface comprisesrl E%rﬁﬂflpl}%cfa%/nerél A eaes\feohrgeé?%%lbeﬁérf il FOMRM "&inc, brass, cadmium,

silver, tin, lead and@aling @ sibweanieyosensuidstratsafsalsitrazh ol draim garfilyctiviedos mpba
protruding from at least one 8f th?afirst acl?d second surfaces are partially received in through holes 20
Yy

extending through the stbstantial Cp?l%\%%r body. 41. The interposer substrate of claim 40, wherein at

least some of thesiantidmetivel pprpsgpaniidibtiredaivat wtbiridied thithubb fhelesidacapnsepprefarmed

bumps. 25 42. The interposer substrate of claim 41, wherejn the preformed bumps comprise solder
Por 81 sﬁlrsﬂ 9 ﬁﬂﬁ?ﬁ‘. g(fl‘| (% % %3%093{ %)

. . eyel mterconnec aJu conductive bu S ate 1
balls in contact with a conductive paste |spose3 Wi e through holes 29 method of

forming an interposer substiatendasvirtgca first pettetirfterdeneechdihel el seeandhievel interconnect, the
method comprising: providing a substantially planar interposer substrate body having a first surface
and a second surface; and 5 simultaneously plating conductive bumps associated with the first
surface in a pattern 44. The method of claim 43, wherein providing comprises forming through

10  holes in the interposer substrate body extending between the first surface and the
second surface and plating conductive bumps associated with at least one of the first

and second surfaces therein.

45. The method of claim 44, wherein providing comprises forming conductive
15 lines over at least one of the first surface and the second surface of the interposer
substrate body and extending between at least one of the through holes and at least one

of the conductive bumps.

46. The method of claim 43, wherein simultaneously plating comprises at least

20  one of an electrolytic plating process and an electroless plating process.

47. The method of claim 46, wherein the simultaneously plating comprises
plating the conductive bumps from conductive materials comprising at least one of
copper, nickel, chromium, zinc, brass, cadmium, silver, tin and gold.

25

48. The method of claim 46, wherein the simultaneously plating comprises
forming at least some of the conductive bumps from multiple layers of conductive
materials comprising at least one of copper, nickel, chromium, zinc, brass, cadmium,
silver, tin, lead and gold.

30



for the first level interconnect and plating conductive bumps associated with the second surface in a
pattern for the second level interconnect. 44. The method of claim 43, wherein providing comprises
forming through 10 holes in the interposer substrate body extending between the first surface and the
second surface and plating conductive bumps associated with at least one of the first and second
surfaces therein. 45. The method of claim 44, wherein prapgding comprises forming conductive 15
lines over at least one of the first surface and the second surface of the interposer substrate body and
extending between at le4st ahe ofcthedbfalgimhieslaidiatieashanenafitle phnddcidepbiss’ps. 46.
The method of claimf.43, wherein simultan ouslg/ glatingfcorqr]?rises ag.; Itl-‘;ast 0 ane of an elec(:itrolytic
plating process a%‘%}“alﬁuerf%&’ro“fecs"é“é‘nf&ﬁﬁa YBERSS AR FHE MO GF U8 A Wh &PEiR the
simultaneously plhtingcoahpuiisas: pfakiointbepcandubtivetdbadys from conductive materials comprising
at least one of copper, nickel, chromium, zinc, brass, cadmium, silver, tin and gold. 25 48. The
method of claim 46, wherein the simultaneously plating comprises forming at least some of the
conductive biimps from Soulfijhledaykeod of chnduktifartivatesialsicorg@iigiogat iqgastaenedf copper,

nickel, chromium, Zin, brasg, cadmium, siyer, L, J&ad and doid. 802 8. 7he method of glaim 43,

wherein the simultaneously plating comprises configuring the conductive Bumps to respecﬂv% y

protrude from thehfitsttsyriatcadartchrithe sesonnesufithedint tnd kriarmpd serfsedssifate boeypdsds0. The

method of claim 44 fyrth r comprising disposing a preformed conductive element on at least some of
substr: tF;Pé)éo

the conductive bumps?o Yithin a through hole to protrude from at least one of the first and

second surfaces of the interposer substrate body.
10 51. A method of assembling a semiconductor device assembly, the method
comprising:
providing at least one semiconductor die having an active surface and a back surface,
the active surface having bond pads thereon;
providing an interposer substrate having a first surface and a second surface with
15 conductive bumps protruding from the first surface of the interposer substrate
and conductive bumps protruding from the second surface of the interposer
substrate; and
electrically connecting the bond pads of the at least one semiconductor die to the
conductive bumps protruding from the first surface of the interposer substrate.
20
52. The method of claim 51, further comprising disposing a dielectric filler

material between the at least one semiconductor die and the interposer substrate.

53. The method of claim 52, wherein the disposing comprises dispensing the
25  dielectric filler material in flowable form to fill a gap between the at least one

semiconductor die and the interposer substrate.

54. The method of claim 52, wherein the disposing comprises disposing a non-
flowable dielectric filler material between the at least one semiconductor die and the

30  interposer substrate.



10 51. A method of assembling a semiconductor device assembly, the method comprising: providing
at least one semiconductor die having an active surface and a back surface, the active surface having
bond pads thereon; providing an interposer substrate having a first surface and a second surface with
15 conductive bumps protruding from the first surface of the interposer substrate and conductive
bumps protruding from the second surface of the interposgg.- substrate; and electrically connecting the
bond pads of the at least one semiconductor die to the conductive bumps protruding from the first
surface of the interposet Sulidieatethdd SLcldine Meftabeptolaprishdg fieithen oo prisHith disigesing a
dielectric filler mgte ial bepzﬁeen the.gé eastt ne semiconductortdie and t ipter?.?ser substrate. 53.
The method of cl f&eﬁg,l%vheefre%a{ﬁrel iS] cr)nsmﬁ %%)rlﬁ%ﬁgléssls&%%gngiﬁﬁ%%n therectit gt material in
flowable form to fihB@apiellyeendteiat lfthst one semiconductor die and the interposer substrate.
54. The method of claim 52, wherein the disposing comprises disposing a non- flowable dielectric filler
material between the at least one semiconductor die and the 30 interposer substrate. -26- 55. The
method of cl&im 54, furtér dhmprésing séldaiing the/mantiohegiiey digle ctricafillersmakerial from the

group consisting g)f zilggn%%ndru({:ti\é% filr?igend an. 1rr1lisg1)tr?d)ia agyogcggr%lfccgﬁ/ ugitl(r)rr].d?cg& The method of
claim 51, wherein the provmll%g e arleast She"'semitdndictsraie comprises providing a plurality of

semiconductor dice. 57. The method of claim 51, further comprising encapsulating the back surface of
the a least one semiconguctg,cie Y A SRS HRHRR ORIGHEh A8, AMBISCHOUS RIS
of the at least one semiconductor die with an encapsulation material.
10
58. An electronic system comprising:
a processor device coupled to an input device and an output device; and
a semiconductor device assembly coupled to at least one of the processor device, the
input device and the output device, the semiconductor device assembly
15 comprising:
at least one semiconductor die having an active surface and a back
surface, the active surface having bond pads thereon; and
an interposer substrate having a first surface having conductive bumps
protruding therefrom and a second surface, the bumps protruding

20 from the first surface bonded to the bond pads on the active

surface of the at least one semiconductor die.

59. The system of claim 58, further comprising a dielectric filler material
disposed between the at least one semiconductor die and the interposer substrate.
25
60. The system of claim 59, wherein the dielectric filler material comprises one

of a flowable material and a non-flowable material.

61. The system of claim 58, further comprising an encapsulation material

30 formed over the back surface of the at least one semiconductor die.



a processor device coupled to an input device and an output device; and a semiconductor device
assembly coupled to at least one of the processor device, the input device and the output device, the
semiconductor device assembly 15 comprising: at least one semiconductor die having an active
surface and a back surface, the active surface having bond pads thereon; and an interposer substrate
having a first surface having conductive bumps protrudingtherefrom and a second surface, the
bumps protruding 20 from the first surface bonded to the bond pads on the active surface of the at
least one semiconductob2lieT s ykhersybteamob & aitehin ththae gonprisihg adigegiictiler material

disposed betweenlth at Iefaﬁt on eﬁnicondu tor die and tge 'nterBo er sué)sttlrate. 23 60f The system
of claim 59, wherRIH L b REHE R RSP A5 RTHEEL WSk RS ANE SRSl uizee
non-flowable mateiillcoiduthesysieps pddtiinedd thirtngh totaposihg pluehcapsdpiiordiaierian 30

formed over the bﬁlck surface of the altllea§t one semiconductor die. -27- 62. The system of claim 58,
{ the 1n rEﬁ

wherein the interpo%?eercgﬂl Strafe %8?npr|se§“ Op el B%tf‘hrough holes extending between the first

surface and the second surface with conductive bumps positioned in through holes of the plurality and

protruding from the secgyd urfac?%‘(t)lg%linter& ubstrate. 5 63. The system of claim. 62, further
Irs

r
comprising at least one con uétive fineon the %rﬁrFégé) 'GPthe érﬁgge%lgu%)s rélfel,vt?]ema?t{?élast one

conductive line esterdinguifeteeé haileapbesresaidhadg|tralitycastheugin thotasalnk eperadilyecoupled

with a conductive bum itioned therein and. at least one of the ¢ nduc;d% e bumps 10 protruding
fom the frst surtBe 08 ST Sy o D SN e S A A S REL IR i e
conductive bump positioned therein and at least one of the conductive bumps

10 protruding from the first surface.

64. The system of claim 62, wherein the conductive bumps positioned in the

through holes are preformed prior to positioning.

15 65. The system of claim 62, wherein the conductive bumps protruding from the
second surface are arranged to correspond to a pattern of terminal pads on another

substrate.

66. The system of claim 58, wherein the interposer substrate comprises a

20  flexible material.

67. The system of claim 58, wherein the interposer substrate comprises a

polymeric material.

25 68. The system of claim 62, wherein the conductive bumps protruding from the
first surface and the conductive bumps protruding from the second surface comprise

plated masses of metal.

69. The system of claim 62, wherein the conductive bumps protruding from the
30  first surface and the conductive bumps protruding from the second surface comprise at

least one of copper, nickel, chromium, zinc, brass, cadmium, silver, tin, lead and gold.



through holes are preformed prior to positioning. 15 65. The system of claim 62, wherein the
conductive bumps protruding from the second surface are arranged to correspond to a pattern of
terminal pads on another substrate. 66. The system of claim 58, wherein the interposer substrate
comprises a 20 flexible material. 67. The system of claim 58, wherein the interposer substrate
comprises a polymeric material. 25 68. The system of clayg 62, wherein the conductive bumps
protruding from the first surface and the conductive bumps protruding from the second surface
comprise plated masse30f Theta}s@eth dheSystdyvafcctannatd2asvbeseintiiraeccohatitbid/eulbipnps

protruding from the 30 first surface and the conductive bumps protruding from the second surface
Comprise at 1eash SO BEdEPRATS Lo LS ALY R O RO SO TEA Sher bl

, ZING,
-28- 70. The systenrfafecleompmRewinaieisl clalpasivdneledshencefiduptive bickedschromidingiiiom the first

surface and the (}g(sjsuctail\c/le Plﬁrlnrs)ﬁ \J%rrogg (iargl%grnodn (t)ma second surface comprises multiple layers of at
least one of copper, hic ef,nclhr()mlum’, Zinc, rassg; cadmium, silver, tin lead and gold. 5 71. The

system of cldim 62, wherein the conductive bumps protruding from the second surface comprise

preformed conductive bL}linﬁ]sI dlsiosed n.a.copduc |vei%ahslt6ec(\)/}/llér&|c?[ithebthrou h ho&s. ]iO 72, The

. . e system of clai , where LV mps protru om the
system of claim 62, wherein the hterposer substrate comprses multipre Ty ot conaacti/e

interconnect linesdbetdisurfa:cldoenpyisteprethroheit S8 wiiecdinitips disjeast one semicotidtiptetedie
comprises a plurali%of eq?licon(ijl%t?r dice. 15 74. The system of claim 58, wherein the conductive
within EE rough holes.

bumps protruding from the

10 72. The system of claim 62, wherein the interposer substrate comprises

multiple layers of conductive interconnect lines therein.

73. The system of claim 58, wherein the at least one semiconductor die
comprises a plurality of semiconductor dice.
15
74. The system of claim 58, wherein the conductive bumps protruding from the
first surface are bonded to the bond pads of the at least one semiconductor die through

an anisotropically conductive film.

20 75. The system of claim 58, wherein the interposer substrate comprises a
plurality of through holes extending between the first surface and the second surface
and at least some conductive bumps protruding from the first surface are positioned in

through holes of the plurality.

25 76. The system of claim 75, further comprising at least one conductive line on
the second surface of the interposer substrate, the at least one conductive line extending
between at least one of the plurality of through holes and operably coupled with a
conductive bump positioned therein and at least one conductive bump protruding from
the second surface.

30

77. The system of claim 75, wherein the conductive bumps positioned in the

through holes are preformed prior to positioning.



first surface are bonded to the bond pads of the at least one semiconductor die through an
anisotropically conductive film. 20 75. The system of claim 58, wherein the interposer substrate
comprises a plurality of through holes extending between the first surface and the second surface

and at least some conductive bumps protruding from the first surface are positioned in through holes
of the plurality. 25 76. The system of claim 75, further comprising at least one conductive line on the
second surface of the interposer substrate, the at least one conductive line extending between at least
one of the plurality of thrt&Jthaalyaﬁ@mdfaﬂaﬁﬁlﬂy Gourten tvitloan dootide dliviepb proprdisiti Gioad teerein
and at least one onducgve bum p@rlgrotr (}he se ond S rface%so 77.Th s&/stem of claim 75,

wherein the condUetive" acﬁ‘lﬁ%m fighed rgﬁu ¥ 51Imgs ls%% ?HaaCBrlol% ﬁc%%gnlng -29-

78. The system ok atlaiimhéschvugieholikye conductlve bumps protruding from the first surface comprise
preformed conductive bumps disposed on a conductive paste within the through holes. 5 79. The
system of claim 58, further comprising conductive bumps protruding from the second surface and
operably coupled to contiuctie bysmeps qiratrimlifig) f[ﬂtheﬁhﬁnﬁp&tsﬁgf&ﬁ&hﬁﬁv?hﬁrﬁpsmmﬂu@m 79,
wherein the condyctlv%‘hbum rot udln romt 10 f| s urfac e conductiv

€ S¢C Il(i3 surface a g%li O CO a{]Y tBumHSrPO é;.glle)l( frn

protruding from the Second sutace are oper oup |n part wi oug rr{lgta% least
partially through tetintefpeser substrate. 81. The system of claim 80, wherein the conductlve bumps
protruding from the 15 first surface and the conductive bumps protruding from the second surface are
operably coupled in part with conductive lines extending over at least one of the first and second
surfaces. 80. The system of claim 79, wherein the conductive bumps protruding from the

10  first surface and the conductive bumps protruding from the second surface are operably
coupled in part with through holes extending at least partially through the interposer

substrate.

81. The system of claim 80, wherein the conductive bumps protruding from the
15  first surface and the conductive bumps protruding from the second surface are operably
coupled in part with conductive lines extending over at least one of the first and second

surfaces.

82. The system of claim 79, wherein the conductive bumps protruding from the

20  first and second surfaces are formed, at least in part, of a common conductive material.

83. The system of claim 79, wherein the conductive bumps protruding from the
first surface and the conductive bumps protruding from the second surface comprise
plated masses of metal.

25

84. The system of claim 79, wherein the conductive bumps protruding from the

first surface and the conductive bumps protruding from the second surface comprise at

least one of copper, nickel, chromium, zinc, brass, cadmium, silver, tin, lead and gold.

30



82. The system of claim 79, wherein the conductive bumps protruding from the 20 first and second
surfaces are formed, at least in part, of a common conductive material. 83. The system of claim 79,
wherein the conductive bumps protruding from the first surface and the conductive bumps protruding
from the second surface comprise plated masses of metal. 25 84. The system of claim 79, wherein
the conductive bumps protruding from the first surface amg)the conductive bumps protruding from the
second surface comprise at least one of copper, nickel, chromium, zinc, brass, cadmium, silver, tin,
lead and gold. 30 -30- &5. Tie systamadfotiain’Iowinrerein hlaleasteafelef dbedootdeiblivepbumps
protruding from the firsé.sur ce an .th%a cogducti\éethbumgg p{otr%din%from th(? second hs.urface
comprises multip]r'@er(f}aryl/1 1851 3t edst Ghe U %C(?papner, McRer Ehromidime szﬁ{g,mf)rglsgs,rgg%jtrn?usr%c,osnlﬂler, tin
lead and gold. 5 surface comprises multiple layers of at least one of copper, nickel, chromium, zinc,

brass, cadmium, silver, tin lead and gold.



