-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 impoiEOUBEE BVMPESG DR EhRXEBIgh SUBSERATEHOREFRST of transistors
and enhanced chip complexity. Tha NDUSE¢ OMDChECEDL. PNERRCANNEETRaving a fast chip will not
necessarily result in a fast system; the fast chip must also be supported by equally fast and reliable
connections.5Essentially, the connections, in conjCiRCHIVI@AR. thiEpBckaging, supply the chip with

signals and power and ”fgiStrriebsLelB lth\gegg(r)ltl gt(élgeg ntgrrqiing)lsfn oefﬁg sCahi a20 519 Eﬁse g?rrpina%lﬁlof a
carrier substrate and then'td & oifcult board. One e amp eof such an in]tleg 84 S SUiPEAICESs known

as a "flip-chip." Hipl¢himaitaamenhganaraty mclucesoste cirtcathyediod asechisinigalhe attanbiag a
semiconductor dieert%}{ its 3c§ive (fgéf %eei;[o an intgr gslgrrlsubstra&e or. otherncarr{'eor sgﬁ) t%ate using an
array of discrete EONdudive Sleménts ?oromeé1 e SemidBRE ST 85 GiE T RAESPete conductive
elements are formeel powdixmbdeat¢d dranfirpadsed mthercaativeasdriaee widt hey seintonoiuetor die, usually
during fabri(f tion of the semiconductor die along with a large number of others 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 buBdSKGR&aIISNbut also may include studs, pillars or
columns of various CO”E%LIF%HHS' TIh conductivgobuamngs or discrete conductive elements are
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typically, in the case of S der ba‘ﬁé rgt g(t: 16d 10 the Illoondpﬁggggg)lﬁﬁrr%]ta%anﬁsl%esaﬁrﬁﬁglé)rn %lﬁlrlﬁp
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 importance as advances
15  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 terminals of the chip
20  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.



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 bond 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 preformed solder ball (of, for example, 60% Sn and 40%
Pb) may then be provided on the UBM and heated to a predetermined reflow temperature so as to
bond the solder ﬁa&sUBmeoU&Matmwrem)plﬂae@mferupﬁimrmaiermaﬂMﬁMStmmme

disposed on the UB nd thg)n heated to I| g}/ ﬁn ﬁ{ﬂ egﬁﬁol Eagh |scretE conductive
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the bumpedmsenllcorfductotrlglle II?d casrrlg hertf}iy gea pg ornq}%oaelﬁ,n%f th %‘guterdndustr%( include
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such a thin flexibkasstbsgtrate for example, reflowing conductlve 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 No. 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



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 -3- predetermined specifications with
very low dimensional tolerances. Any failure in forming the bumps and interconnections on the
semiconductor dice precisely so that the semiconductor dice align with corresponding terminals on an
interposer substrate typically results in unusable semiconductor dice. Such unusable semiconductor
dice 5 may be scrappaesmihidhsj e Licaioalyvoos iy rasos idswhcbhalddercasnecipfisidbese
reliability issues %re onl t%orﬁé)oundeg with the increasedﬁ%niniaturiz ion oathe semicl:ondulg:t?rh
components. Fur REMGre' HREHSGBITS r%rilﬁfjt{?l%s B M P ARG LohRTERE b P BFsolder
balls on each of therband pads dcethikgwafith isoicespsmdiptiverofitiaheo procesaprdmsabetials and, thus,
costly. 10 Theref?rei itleouId Il?e‘ advantageous to I%a;uit thﬁ.timesre uired far wafer l?#m infg.including
the respective for Atior afd attAehMEnt or e UBM SruCttite ahd' Soldar 538 61 ihe wWarer it would
also be advahtageaydecarpyped; thddbss oftrseriicoodlctay diesudiue terdaibee intexaoimnectidrson the
semiconductor dicq. %ﬁ ISCLOSURI.:I OF INVE TAONthTthe f[)glresentdinv.entj[on relatesft&methods and
apparatus for imprreol\?llnlg1 e S)Hg%a ad Ve%ounépnoél 6°c08 oP a ﬁ%ea?tslﬁg rglﬂlls-%ﬁlzﬁ ttlf/)f)leoserf:]iconductor
assembly. The psesénindventioonpobikactefitafennng tre ntehpdsdrfsubatpaiiee WiBMhiercomeections

formed on both 2 fitet suface and.a seconh styfage foprgvide,a pespective fistloyel 20 interconnect
and a second levelintarconnect. 1he in erposer SUbState may Inclu firand second sets of
conductive bumpsorespgivedf tormgoarthanfirstaenitde ammhdhisecondysurface thereof. Both sets of

conductive pymps may b formed;simulianeayshy, by 2 slecitic r electioless progess. The first
set of conductive bumps may be’ conﬂgureg’l 0 corr spono?wffh bond parﬁ Catlons on at least one
bumpless 25 senticompiuciocldiéfortlihedipsiclevefonterconned haachthens e€ oimdl ($BMO f toctductive

bumps may be confi uri)eq toc resp nd i/vith afterﬁl of inte{connegtions an thiticuit Poard or
. 0 c%r alls on the Er. t would also be advan %%eouw Ilil)r%\zent € 10Sss 0
another semlconéuc or assembly for thé second level interconrtect. With this arrangement, the
present inventionsprovidelidivudiveal ferteffadthgrinterooeriantions tbe 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



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 -4- far less expensive interposer substrate greatly reduces the cost
of any defective parts that must be scrapped. In one aspegt of the present invention, the interposer
substrate includes through holes extending between the first surface and the second surface thereof.

Conductive 5 linés teaydapdativetheypodbiesiibstraty faeattp ediend dionvthefthiguiiicbolesptatsemote
locations on the f{flsattsurfaﬁe that correspond with locations of the bond pads of a bare semiconductor

die. A plating processm N fhsecrrlaggeg()nducted to form a first set of conductive bumps at such alternate
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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



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 -5- a grocessor device, which communicates with
an input device and an output device. Other features and advantages of the present invention will
become apparent tprdbeseod skitlenvihécArt shioliglhicateonsidesatiapafdbel ensnihgndasguption, the 5
accompanying drawings and the appended claims. BRIEF DESCRIPTION OF DRAWINGS While the
specification con 0d&S with claims particularly pointing out and distinctly claiming that which is
regarded as the presentOnvearfianrthambvdniagessaff 12 fhisdnvanteononayibdascestappackfitamn the
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; : plified cross-sectional View of an interposer substrate, depicting the
interposer substratedmpangitty drghiingleadahaepbtinekein]d@asording 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 intBRidEeD&HIGRIRE]Ode pIELIDE AWINGSve lines formed on the

interposer substrate, ac flclilingnto the.BEeaent 20.n entioH[;ﬁllzlG. 3 iIIl{lstrflt(fs a simplifie
e

. . € Specl n concludes wit aims parficular 1nting out a
cross-sectional view of the In erposer su S?rafe, Aeplctlng IIrIllte poser su%gﬁalﬁe avmgngumps and

a protective layerdietimaty ttleimdng thacwtdihg todirededseiicpreriom elEo8 Alibustvatesgassanplified
cross-sectiqal vigw of e nierposer SUbSIEAtS: 20 dRRIRIRAL AN, ARG Bshod 2 auRnging the
conductive lines an umps forntea on

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;



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 presegt invention; -6- FIG. 6 illustrates a
cross-sectional view of an alternative method of forming a filler material between a bumpless
semiconductor die and &idnteiposeitsubsiaie sedepialing thefhunpleastBeniedndustdodientaaing the

bumped interposer substrate in an unattached position with a nonflowable filler material disposed over
the interposer 5 SIS M TN T BICas NSl e S A0 DU

cross-sectional vigwiofitigeronflaplab s dilerondatesialialfeciativtelpaigposrucheivee subihimfeimpless

semiconductor die a{ acfp%d to the int%rgoser sub tf'aﬁ accordinigcfo the resenltlinvention; FIG. 8

. . 1a atc (< i%osmf){hwu nonﬂowa%be 1ller materia 18}1%36 over]; &mtetfgols,]er.
illustrates a smpﬁlﬁle Op view of the interposer substraté having an array or die attach’sites,
depicting serhicoschittatediceatiaghediio phadieiatiaaivsites, according to the present invention; FIG.

9 illustrates a simplified Eress ct{'onal view (Hfa ingulated. se icondtﬁt[ior as{%?mbm h(f}ﬂigg an
] i I
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encapsulation material formed thereover, according to the presentinvention, ustrates a

second embodimmiateofahnlinteaposhr dspstedtbedeptatihg bonujtipte tevetsndwaoddictiventines tintiee
interposer substra&?, agé:ec%rddp)g[ rto etheC $(;§ ent i tven}iogffltFilGé1&0ilnlustrates a simplified side view of
the interposer subStFRe With mu |pfle Svelattach8iis ml?IYiplre sémiconductor dice, according to the
present 20 invention; afd(-I&GilLatiHtstratan@ifikactopiagrant didhetspoyaondyctoe Assmmbty of the
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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.



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. -7- FIGS. 1-3 illustrate a process that may be used
for fabricating an interpdg€rSsub3tikistiaayingractisstthachagdandstelRir fibrranngcls fiosmpeddhereon.
Referring first to F Gt 1, gn interé)?.ser Sﬁbstrat(a(’sllolincludin%atfir§t surgfat%e 112 a{Q a sec .no{
surface 114 is délf)lcstéadt?ln%lr%% SHELHN e%eainé%r Orglrigg & fiExibie hatdtial, SGCh &s, for 5
example, a polyimiddGr htheimpelymericbatardll Oriteipdser stibstsatéadd 013 uidizedctngraviae: an
electrical intercorﬂ%ct l:()ietweteg e or more semtic r118uctor dice and (ﬂheli)lelecttroni compo nts
located external to inf%rp?gé(éfe Su rétt%r{%si&a%b]sg% fn erprcr)usigrcgﬁlﬂjsrtlrsgt% o) rﬁa@l?necrfﬂdes%roaﬁg Tholes
116 extending betwesplethephitgirsiddace tht? puigmadondsuiibctnteigolee vebk farteldCricatiyized

interconnecting a 10 se iconquc%(l)cra?hlil%to extertrl)ae! comﬂoonents as exlfl?lllaionedql Ctlgranafter (')I'tlﬁe

rovide an,c reonnec WCEECI O r more S€ I g1C€ an
through holes 118 ay mcﬁﬂde?apere Tfrustoconicalwalls 118 exf)enalng etween the fII‘Sg surface

112 and second siludaoait témphichtabsitodvex tapar inmangpdemstbetsecdnd. surface 114 of the

interposer substrate 11(.1r The tell_gered ttp)r(gu%h %Ies 116 C[W?g Be fOﬁl’He u i%g a &uitabble method
he 1nt tr01l1§ O%ﬁat ex.F%ﬂ 1n§

. mnterposer substrate may.ngclu tween
known in the art, such as, for ex mple, a'wet'1 chemical etch or l&sel ablation. Through holes 116

formed using a wékdich snefpce st imd saparkshviadkdrigleéhofeafpforoirviatedyi Yid&scradianmfram the

vertical, whigy angle may ey depsnding anthe, Spe of reactive shemical siehantutized for
removing the interposer substrate ' material. From‘a production standpoint, such wet etchirrg may be
preferred since niangsihtérpogeniddubstaiddmaydoaiprbeedised Stateatiitigdytwininiat firecess time.
On the other han(sjurflvhll?llgseaalglc%g@n te hmgfufs may be pare time consu @gmtteélsgggvlge greater

e I
versatility in forming 2 Broad’ Pansge 0 té‘é%?éﬁ angl‘évs,1 Whith rr?z‘axg/nbea%aé\}g‘ﬁtzggeous epenéllng on the

requirements of thefdesiyhepbitthmiatpoposersubstidt@. 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



Alternatively, as illustrated in FIG. IA, 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 inferposer substrate 110. 30 FIG. 2 illustrates
the interposer substrate 110 with conductive lines 120 formed on a first surface 112 thereof.
Preferably, the cehdidtivieylinasllyaliaaccopparhoisafaoppeaimtpyoidatetiaintowevke] enddlotive
lines 120 may inc&tljde ny suitable -8- electrically conductive material such as, for example, gold,
aluminum, nickeltaﬁr(f%bys thereof. The conductive lines 120 may be formed by any known method
in the art, such as depdElitoroadetgtehingsprdtessebe Sorerd pyintindgosantapehodriyitig prefarched 5
conductive traces, ecfc. B e (%f‘ ex glel, the conductive ques 120 may be formedgx dﬁpositing a
layer of conductive MAteriar over fhe HstSurface 13268 rénlﬁltlgr(ﬁro%e?psﬁ strare X107 8GEh depositing
of conductivé materidhoniay trecascampshedylyf exlaygitaltiapondieposiiimes dR6migabedpanedpgsition,
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conductive 10 matérial. The layér of conductive material may then be selectively maskeéd and
patterned using asyesitike100nSyativiephritoreststeasikiowmiatdhiel ank jollowedhpligiedibg using a wet
or dry etch lo formy the cpnductive,ings 120, The ponductive lines 120 may.extend aver dhe first
surface 112 so tHAlA fifst F?OI’tIO PP Exterids Gver t]hroﬁg% hole’ 16 g 3 S&80Rd por%’on 124
extends to a 15 prvedeterdipedtpositioothenate fnomthe:dssbefatgobtitiogghtinleohdéeanethe first
surface 112 of the inter r substrate 110. Such a predetermined r te positign is selected to
orosimately Sorre B e ALt 10, e s P T R o
semiconductor dipattartizid wsngreeposnuntpie eaduetpheiinessi 20 knay i@ fhermedd that each
conductive line 1%9:}@??/ extend‘JrPrr} 8{1d/9rhotvefrozr:1rﬁq[lw§(§)21{ole 20.116 t?()‘f" predetermined remote

position on the first surface £12 01 the |r¥t§r(f)os%r substr Agive Hines !
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 134 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



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 134 may comprise any electrical and environmental
barrier formed of any known material, such as a solder regist. 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 thosscaAradayihefo@badisical thtecoadnadiobuatsh pEditgisonotiBB Wa@tﬁﬂltaihpme@ltective
layer 134 may be blanket de 0S ted agg selectivel ched to form ertures ex og the econd
portons 124 of (AU THEE 20! B TRIL B dREEMERY e SR PorbENeD S SRy o
conductive lines 12 ndayniieceXiddsedstoot, %famhtﬁﬁngdldeyfﬁﬂmqﬂcteaf\thmgzmmmedaumps 130
thereon. It is also contem Ia ed th tive | 34 ¢amp g, for.example, a sglder resist,
may be applied oRISeS seconéuscﬁlr ace’ {ila[ﬁgée of, or %%(é)rWBIén a ?r;r/§ flk?'nef)lrsoeti‘% |%1e011a ?%34 not only
protects conductivgeliness Jaaﬂ hingarb?em@rgnmumn feliGhS ap)mnme fona&d) tnaf plna&:mzmtﬁyeesi ?ﬁhd
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conductive bumps ANt enables 2" ner sign ru e as ump Size and

conductive bump&l@(bmqysb&ﬁmnﬁd:bn the exposed second portion 124 of the conductive lines 120
by an electrolytic platlngT%roces L. an electrq%s gabmg 10 &roc ss. Such conductive bunfgi 130

may be sized and conflgure e E)%) Slermined Tocations of the s%géﬂ%sﬁ%rsﬁg%n IR o% e

conductive lines bﬂfhu)cmnmesmihdamtﬁ(bbyldmeldstmﬂawfanng@@esscbea(meteshmess pitergatively,
the conduc{E{e bumgesé S13§ aé/og fCotEm din [eCesSes 36 so igl%tdthe gon gctlv% bumps 130 abut
with an end 126 &f the Secon portio SaWH Fe also %%lng pose& N the 15 recesses 136 (see FIG.
3A). Such a recep&ﬂm&halnemmmm«mbuﬁms st@:tmd@spﬂsedﬂm ont‘rt:hy cesditdnva hedsdOriof height in
the conductive bumﬁ?s 130 wit rl?o ct o the |nte aser suastréa\t 0 com ?t%%q 19, Q{Y lhﬁng the
conductive bumps épglrectly Condutiive ines f&?f nt?]er Case , the con umps 130
are configured tocshgmtyvpﬂmtmnelﬂﬁnnalyéﬁ rfsirmftdaneem@@f the sntémdherceuﬂmratemaﬁ)pas a first
level 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,



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 angjor 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 levefintsrenonett anthcconfigunies 180cuin@spgahek¢m anichitiereonrnediwithea t@0minal pad
pattern of a circuit board, ather hi hf -level kaging or even anpther semiconductor substrate. It
Chould 30 also be O AL M CUEIh S8 86 AL SR RGBT gl o
formed on secondigusifadeefiridsoffinie iiasaiesidosirdtentit: dnd, contatiasd dysicenduatpgrdamnps 132.
Recesses 136 may be exteno(lljfglﬁl1 also as shown in broken lines in FIG. 3A, -10- for contact of

conductive bump% i%’]fﬁlar‘{)“r:r%‘é] tg?é?ﬁe\s/\% b Véa%tcl)%r(ljuctive lines 120 on second surface 114. Thus it
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the present inven%lon,uﬁoth e tondactive umps 8an&aff1e conductive bumps f%‘fmay be formed

simultaneously bylteclpoveleirgencdertaibst plytiaplatinesarselactiolesh biawgiprtheesses. As is well
known in the art, algct(re(l)(fctrcol tig I{)Iatrin egsr?caesn?eitsla mets?tlide %)s(;tisc')sni process Lne\{\éhj[%gnl an %Iectrolyte,
or a solution con‘falnlngyctfls oived 8alts of the me%afl%) e p?l?a d- Bransfers Cations from an1d'anode
into the electrolyteohnohontmtiieisxpisety fidstahoroidbhs hik2abndtegdard ponidhs d2bof rondarctive
lines 120 serying as a cathode ns of a direct electrical.current applied to the electrolyte from
the anode 1 ihe SHB0 TS AT Lo B e BT 1 P SRS e
to form the conduGiveflromps 1 80lamas 120rdudtigerbanypisolidd pmthessxpodedcsebondcpbetionst124 of
the conductive lines 1e2 15 and the xg?sedtirstlpo(fti9n 122 of the ndu?t'ive lines 120 xttending
é{{%’ € anode to ﬁr) S may pHe caused to.

€ electro 1o € cathode € d
over the throughaﬁg respectiv 'iy, INn the Interposer supstra .E}ﬁeWIS , the conductive

bumps 130 and otepahstttirel buritbsplid2: maydserfomaédize to form the conductive bumps 130 and
conductive bumps 132 on the exposed second portions 124 of the conductive lines 120
15  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



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 electrolesg plating process is more time-consuming
than the electrolytic process. For purposes of the present invention, either the electrolytic 25 plating or
the electroless platimpipntioesMiydiblayiized indorminghinercantiustiver mml&ﬁbpad wiokeluctive

bumps 132. Thus, the electrol Iatln ocess emp 1 /3 an electr tln rocess for
depositing a con&uc?véurrﬁa%e%algflfke\ﬁl 1e\f: o %% Eafmﬁ O;Po&c a?ea%%%ys 8fghem|cal plating
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tin/silver/copper an aIfgycsoﬁml%o?mgfﬁmlgcao%(ang Wet’ma 8?% maycc?m {?’gSldl in'the P a Ing process

in various -13- coribinaijdnasaoit platedrtayets dsrkoaduciivitaanpsi®h asl 62 extiwaples sofpear, nickel,
chromium, zinc, cadm um, SI| Iead tin and gold and aI th re %Ead hat
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SllC rited Circul 4‘3 S (i € outer ends or tips of
semiconductor die 145 (888 against con umps 0'or'com pression of Interposer

substrate 110 agaumluatn&rhmmmmmﬂ% Stﬁsbmxdlanmeamhmgmsand)(cmﬂslrmﬂm)lmI:tdnrin@ﬁhe
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semiconductor d|aem40mdmnterpb$é#(§ubsmltatpomﬂs@sntahlé Kmfﬁalmkﬂmslrrﬁamémadh foatepravitiing

some relaxation of co lanarlt |ss es.inclu |tho tllmltatlon pfi e or c%lductor -filled
(? W hou 1

e
polymer, or PbSrPsol cgurresexag%qg (r)ngf/)% falyedg S%%Spl)% the ump p a ng p(i”’ocess as may

consecutive laye®odiirtiaadieandwemiefdldd mﬂWmaer (n'rl%bSDIstddpaQé anaypdeapptied bo pheesurfaces
of conductive bumsp SaiLt 2f"fh ebump 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 138 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



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 pagte 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 slightipndietive®drops 1136 sect@ndcmttfaeetﬂxﬂtﬂsméoimﬁetp@semubetﬁatﬁglﬂaraﬂla second
level 25 mterconnect to. corre Epontd |n ercon ect ith 1% mlnail pﬁ(lj pattern of a cir U|t é)ard
Ret 88
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optically referencedplekaanchgisked with mechanically or optically referenced ple and place

equipment, as is 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 110. 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 130 and bond pads 146
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

25  formed of a tin/lead, silver, or other solder material. Eutectic bonding may also be
employed. The dielectric flowable 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 flowable filler
material 150 between the semiconductor die 140 and the interposer substrate 110. Specifically,

a nonconductive film (NCF) 154, which is nonflowable, is positioned on the interposer



equipment, as is 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 110. 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 gapj rior to 20 dispensing the dielectric filler
material, the conductive bumps 130 and bond pads 146 may be bonded in a suitable process for the
material or materialsseheonductistefbsimpsads301 F oTlexaoneladiiaiptatich idmmayittoamprisegold coating

is used for conductive . bumps 130, thermosonic banding may be used to interconnect conductive
s 130, it SRS A6 A L Reh B PeAe e B e SRR e 25
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nonconductive filmabbdaatitize d ynthiishakdreatoad Swthochduaioindleided Buitabie, depdlowable filler

material as known in theAs 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



art, such as, for example, a OF 511 or OF 527 nonconductive film (NCF), each 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 ACkndndvextéiudingitherathrategholransvefigarial 20 iheiptanecafitoadiimoAdstiitable ACF
includes an FC 212 .orlF 262B fiIg] from_ Hitachi ,Chemi alt,. Selmicopﬂfct r ﬁ/lateﬂzﬁ IPiviﬂ%T, Japan.
As another approaanc SN Ay Ctplyc?vlijggl Sov% HR"AEHTE SUPRce 1 49D RSB nai&tor die
140 and other unpinguwaiBdeiderdi HeecinaiBrdeve liddsel 6hies depuingl tod MdChtelishasatidhereon may
then be singulated into individual semjconductor 25 dice,. which,then may be mounted fac Ifjown on
the interposer sub%ﬁ%ot%sirlﬁlgssotr teelrmg) rggﬁg’ﬁcst?\?grﬁtﬁrgnbnsmlgtﬁhgile}lca? i elﬁggl}é?cl)cr% LGRS %Pﬁ 154 and
mechanically andhaelegicicalblchngdatithrlindridipapdset 4Gbonrdiee Eloghutatadsknvegndoetar @lee 140, in
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scope of the preséintsiterntigoser 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 172 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
flowable filler material 150 or a nonconductive film 154 may also be employed, as
desired, prior to encapsulation. It is specifically noted that adequate clearance may be

20  provided between die sites on an interposer substrate 1110 so that a blanket deposition
of molding compound on the first surface 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 110 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



10 FIG. 9 illustrates an individual semiconductor assembly package 170 with an 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 encapsulatiopsmaterial 172 may be provided by any
known process, such as transfer molding, injection molding or pot molding. The encapsulation
material 172 providapserdronaneintatjprateqitynice thEdsemiaoingdubtordicol 4épl Aciie ibetiinefimaable
filler material 150 o a nong ductive filg]11§4 mtﬁg alﬁo belemh)nlol}/tedf as .de%&re(%l,lpéior 0 .
encapsulation. It W Eica 31/Sn%1 SHHAY A gﬁs D n%ceem%y Besﬁgllﬁ%l ided Defieen ife sites
on an interposer sulistiaienpd 10 sohihrat erdankeaidagositiod cofareatdingoostiypounplase therfitlst surface
112 of interposer.substrate 1110 m employed ta encapsulate the back sides and sides of all
semiconductor L SRORh SN EBedg o By Nt AV LS ENE o P
semiconductdr dit&2140 wiikhessedatepsinferpaske subgivatesubk@atohtPhsakandffiesii6é2nds by

sawing. 25 Thus. acepyding lo,lne frsent iaention, Ieroser sybsale 110 pravides, condugtive
bumps 130 formed on'the hrsfativface 11 %ereo*oto%row e a hret level Piftérconnect 10 béw pads
146 of a semiconakector elienii@e Actditio nély]datéribsdresblygiratediddadradides aostigyve bumps

132 on the second surf 114 thereof to prquide a.second level intercopnect to a carrier substrate or
another semiconductor g?i astézalﬁ:}ﬂ%ﬁg%tﬁ l(}:isylell%\rlgiﬁlge Oﬁfrtﬁ@%%%\?ér?tloﬁg %%lf)l vaa?%?%@mping is
eliminated by previdintjitatcdittepiive vimpsn 130 dn thesatendeseb@libsmgtehd iderposeefore, it can

be well appreciated b rson of ordinary skill in art.that if the condugtiye -15- bum S%JI O onan
ierposer aibsuSE T LS Sh LNc ot FSmar G e oo A A iy
less than the replacermént dfesemicdndfater2didehhendhgSfaulty touinpErdneathediweniscsetmitorductor

o are ore con U8, BT 0 TR SR,
cost effective an® 1$inmplifidss thiklissahivydant fabricatonestmrssk Sairthelt] thel prdsenthinvéntion may
be used to eliminate (e, Usg 921950 PallR REERY RN 345 HEE BRIIIBY: 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



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 214 thereof. Similar to
the first embodiment, conductive lines 220 may be formed over the first surface 212. In addition, the
interposer substrate 210 includes additional conductive lipg. connections 228 at multiple levels within
the interposer substrate 210, which interconnect to the conductive lines 220 on the first 15 surface
212. Conductive biffepps23panay seenfosnirdtondire. cbadbietve dnesm2a0onilaofitet Stsface 212 by a
plating process as set forth with respect to the fi emioﬁim nt. Conductjve bu Z%Z may also be
formed i the recELUBS TR b NP LR A LTHEAEL0 TR BEOLGr oL St g SPsesD it neously
with conductive btomghsc@36 bimipe2 3dtemiiives@dte tofinstrgitfaeccd il uadivecouds 230 2 ddconductive
paste and conductive. 20 ball sutch asa ol ertball may beddis(po%ﬁd inlth recess%sItZ16 n the
second surface #14'6 etﬁerel?ifg(r:plggelrrssu gf:rdf]eefi@n& pgﬂlosne of fecesses %rfgnrrﬁ%:y; ofl%(%usrose, be
plated during forooationpditednihtdtivel datimps23mukiGhiplnilbdsikatemthe dsnigkplesel siwbpiwate 210 of
the second embodigw?nt \g{lila multiPtLe S micondu%t%r dice 240 mOLgnted tgﬁ{etotlﬂ by conductive bumps
230 on bond 25 f)lécfsr% o] %bersmwa MU Ed?%‘%%&ag%%&? &' SemieShaudior Gic&2%o may be
underfilled with actiedectiie filtes 22Zlenah@bFicn ande€foxbduaindesidap $ ltbie cuwiitiegrosencapsulation
material 272 for enyironmental pratection of the semiconductor dice 2 s prevjously set farth with
roapect to the freh BRI C ot B LA S o B an R S0
ordinary skill in 30 the aksthibtstheehidtiile tedials oh donductdrevimesF2A0 1R, teenicterbaser substrate
210 may fagilitate the assembl oé ultiple.semicanductor dice 240.in a single package to form, for
example, & It R R o b DRSS e b el o
semiconductor dideréafrtheyr b rasprannelysimilatdd tthe firstiiebobotirhe i, antdoposearcsustratdN 10
includes the conductive bumps 230 and th nductive bumps 232 on the respective,first surface 212
and second surtat b O B L S e S B TR et
It is also 5 contermphatettthat faboicatondeiveaitifl; ohipcmodulewsmte e sitighe iepel tegEoss)

and an output device 340. The input device 330 may comprise a keyboard, mouse,

15  joystick 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

20  apparent to those of 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



substrate 110 lies within the scope of the present invention and that the use of conductive lines 220
on both first and second surfaces 112, 114 of an interposer substrate 110 may be particularly suitable
for fabrication 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
thereof may be respectively mounted to a circuit board 31yin an electronic system 300, such as a
computer system. In the electronic system 300, the circuit board 310 may be connected to a
processor devicetB2Qsavitibhrapsminpoiedtas thibth gnhislesbdeiceH330 ians dn utputcavigeyd0. The
input device 330 may comprise a keyboard, mouse, 15 joystick or any othe of electronic jnput
device. The outp 06 SRS s TGRS & TSI AHEY db L AEROEAhe REcR S & ik
drive, or any othahtypghdioutptitidevicehicha lpreckissbaldeviae B20ispayebeadidtasadattiiited to, a
microprocessor or algircutiltl.c rd ingludin&lhard are f?r grog ssin%inaspt% ctions for the electronic
system 300. AddRIENEPSITUGEITE Tor the et (())ni%%(i/rs{%mo i red ily 20 apparent to those of
ordinary skillan the art. Wihsg itheifirbeneadibnappans et tisdeseflandisraty skildnadineaiteiltit the
present invention prevides. 3 Sippie, fobustand seonamical ierposer stbsralg and, tesulling
packaged semicon UCtor die or dice. The bumping of an mnterposer stbShidee® Enabies Iscarding of
defective interposecculistraids hiataiatatizehheany eftiod 3ssemsodnditetbr Aliklthenetdedetebtizumd
St g b A o R Al Y
bumps on both sides of an‘in erposer substrate By Simultaneous pﬁa(flng theteor speeds Ee Interposer
fabrication procesheardpeeatitlis invexaohbiswipipladdaremt Sichaelyistedump fdimensienibgdifinnt
elimination of wafer Bumping wiih,selder balls, by ise.of theprasent invention also speads up the die
30 fabrication procegs and eliminates e?ecﬂvenbumplng Concemns with respects tORhe’ wafer.
Furthermore, theipres@ntinvention enables reduction in package thickness in comparison to
solder-bumped assemblies and a further reduction in thickness through -17- the use of bumps
disposed in through holes or vias. Even if solder balls are employed for the second level interconnect,
placement thereof is facilitated by the presence of the through holes or vias 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
disclosed 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 so limited. Additions,
deletions and modifications to the disclosed embodiments may be effected without departing from the
scope of the invention as claimed herein. Similarly, featurgg.-from one embodiment 10 may be
combined with those of another while remaining within the scope of the invention. -18- CLAIMS What
is claimed is: 1. A method of forming an interposer subsitatadasing a first level interconnect 5 and a
second level inte%%nnect the method comprising: plating conductive bumps associated with a first

. 15 clai ITH . . 3
major surface of a—sua%s%r%%l%glp?anar interposer substrate body in a pattern for the first level
interconnect and conductive bumps associated with a second major surface of the interposer
subsirate body in a patigr for (he seqdnd level nitereannect o aliest one 10.condctive line.carred
by the interposer substrate ooey, p a(flng com%rlsing lBﬁ)astlngut & eondudtivd umps asgociated with at
least one of the fiaatl mnagoonsuirfadd meadt theeseabadmhgor sunaderip: at least some through holes of a
plurality of through.holes in the interposer substrate body; providing copductive paste within at least
one through hole BFHE SURARES & BaRs A S RS en i imsion suetace, oL Bar L DR tndrdany
within the conductive pasteribhecoutthticiiv®obaimpagiattdinddrome dirtedstdnstatctmdusindajor surface
and the second major surf%ce of tp)e interposer Shlbs ate body. 20.2. Th metp%d of claim 1, wherein

. . conductive bumps assoclate 1E]la secotlﬁé major, surirace of the imte oseli .
plating conductive bumps comprises simultaneously plating the conductive bumps associated with the
first major surface and tbstondtbiotlyenupapsradoociatectwithlthel Seeornithneajoo sutéaseoi® The
method of 6im 1, further c(?mtpris'inl%formiréfgba Iuratit of con uctiveb 2(? Iinfa%. over at least one of the
. . onductive, 11 .carric g eltlhe oser substrate bo Yy, plating comprising
first major surface and the'second major surface of the

plating the conductive bumps associated with at least one of the first major
surface and the second major surface in at least some through holes of a
plurality of through holes in the interposer substrate body;
providing conductive paste within at least one through hole of the plurality of through
15 holes; and
providing a conductive ball at least partially within the conductive paste, the conductive
ball protruding from at least one of the first major surface and the second major

surface of the interposer substrate body.

20 2. The method of claim 1, wherein plating conductive bumps comprises
simultaneously plating the conductive bumps associated with the first major surface

and the conductive bumps associated with the second major surface.

3. The method of claim 1, further comprising forming a plurality of conductive
25  lines over at least one of the first major surface and the second major surface of the
interposer substrate body and extending between at least one through hole of the
plurality of through holes and at least one of the conductive bumps associated with at
least one of the first major surface and the second major surface of the interposer
substrate body.
30
4. The method of claim 1, wherein plating comprises at least one of an

electrolytic plating process and an electroless plating process.



interposer substrate body and extending between at least one through hole of the plurality of through
holes and at least one of the conductive bumps associated with at least one of the first major surface
and the second major surface of the interposer substrate body. 30 4. The method of claim 1, wherein
plating comprises at least one of an electrolytic plating process and an electroless plating process.
-19- 5. The method of claim 4, wherein plating further comprises plating the conductive bumps
associated with the first major surface and the conductive bumps associated with the second major
surface from conductive materials comprising at least 5 one of copper, nickel, chromium, zinc, brass,
cadmium, silver, tin and . 6. The method of claim 4, wherein plating further comprises forming at
east some of the comader BTN AU e G0 AP e AFe A Qv
bumps associatedonidlicthe saagrcseajinsdrabeicofitsmulijpteiafersantl 10ccamductive baaipsials
comprising at leagt one of capper, nickel, chiomiu, zipe, brass, sadmiym, siver, i lead and gold.
7. The method of &I ? wherein smtﬂgan usly pqa%ng comprises conhgunng flﬁg corrductive
bumps assodiatednwitti thppiétshinkghrduciadenipzimoftudes, tadiromihel fiest tinagod gutace of the
substantially planar interposer substrate body. 8. The method of claim 7, further comprising disposing
a preformed conductive element on at least some of the conductive bumps plated in the at least some
through holes of the plualificofniihodgit blaies 4ovwitrsm gdaimpridfoherach opndeciiveneéheelrtto 20
protrude from at Is('aoas(t3 on gfcgh%lﬁirat n’baﬂcr)r{ suargsaccefa N ti;t% ﬁ%cﬁps? maa'orsﬁytggge %f tﬁ]e substantially
planar interposer SUbstrate boHy. 8 he hBiHG accora)lvng toc aimIE,Whereln pfla{ltlng?urther
comprises formingpralueast e sf dhwedoerductilie Heumpn d asgoiatedasttfiromenofl tipéeficgtensajbr surface
and 25 the gecond maiar syrface [RIeralliabuting an end ot 1o &t feastone conductive g :20- 10
A method of assembling a semiconduc r device assem ly, themeths comprising: ’ ’
cadmium, silver, tin, lead and gold.

7. The method of claim 2, wherein simultaneously plating comprises
configuring the conductive bumps associated with the first major surface to protrude

15  from the first major surface of the substantially planar interposer substrate body.

8. The method of claim 7, further comprising disposing a preformed conductive
element on at least some of the conductive bumps plated in the at least some through
holes of the plurality of through holes to cause each preformed conductive element to

20  protrude from at least one of the first major surface and the second major surface of the

substantially planar interposer substrate body.

9. The method according to claim 1, wherein plating further comprises forming
at least one of the conductive bumps associated with one of the first major surface and

25  the second major surface laterally abutting an end of the at least one conductive line.



plating conductive bumps associated with a first major surface of an interposer substrate and
conductive bumps associated with a second major surface of the 5 interposer substrate to at least one
conductive line carried by the interposer substrate, plating comprising plating the conductive bumps
associated with at least one of the first major surface and the second major surface in at least some
through holes of a plurality of through holes extending throggh the interposer substrate; 10 providing
conductive paste within at least one through hole of the plurality of through holes; providing a
conductive ball at least partialysvibdoths seaitsigiivegpasimdine akdiktivag ehill bt usidgdom at

least one of the first major surface and the second major surface of the interposer substrate; and 15
electrically connecc:(flrﬁgrbtl)% pads of at least one semiconductor die to the conductive bumps
associated with apleast onelodtihe busipnagesSutédcel tndftte sapganaring of aurfaeepotéhe interposer
substrate. 11. The methoq)otf ctlaim 10, f&thrger %om rising di%)dosi a dielectric filler FO m?tt?)rial
between the at least ongusesrﬁ?c%%%g?gr fe aha the A 5r§6aser gﬁbs%r%?cce(.m 2"PReMethivd of laim 11,
wherein disp®sing dieleditierpidenr materiaé compeise ouispadsngy tlmdieledtddfillae mnatgriabin flowable
form to fill a gap betweenbt e fa\t Iela,[st one semiconqutctortgie ang tl%e i tel:_goser sub tga\te h25 13. The
method of claim 11, whéfein diSpBsing-dieleltric fildf métetial “Conprises dispdsing a nonfiowable
dielectric filler material Hetstesre tifelat fesisthajie sseinicandubtoredimdndjhresinfecposer kabstrate. 30
14. The method of claim,13, further comprising, selecting the nonflowable dielectric filler material from
ihe group consisting of LR bEGE L FL S8 2 e ROl S e
method of claim 10, wherdistratectrically connecting bond pads of at least one semiconductor die to the

conductive pymos comprises gleAIAlN CQIRSS IPR2C0% RES! RAELPLR plirally of aspiggnauctor

ps
holes;
providing a conductive ball at least partially within the conductive paste, the conductive
ball protruding from at least one of the first major surface and the second major
surface of the interposer substrate; and
15 electrically connecting bond pads of at least one semiconductor die to the conductive
bumps associated with at least one of the first major surface and the second

major surface of the interposer substrate.

11. The method of claim 10, further comprising disposing a dielectric filler

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

12. The method of claim 11, wherein disposing dielectric filler material
comprises dispensing the dielectric filler material in flowable form to fill a gap between

the at least one semiconductor die and the interposer substrate.

25
13. The method of claim 11, wherein disposing dielectric filler material
comprises disposing a nonflowable dielectric filler material between the at least one
semiconductor die and the interposer substrate.
30 14. The method of claim 13, further comprising selecting the nonflowable

dielectric filler material from the group consisting of a nonconductive film and an

anisotropically conductive film.



associated with at least one of the first major surface and the second major surface of 5 the interposer
substrate. 16. The method of claimlO, further comprising encapsulating a back surface of the at least
one semiconductor die with an encapsulation material. 10 17. A method of forming an interposer
substrate having a first level interconnect and a second level interconnect, the method comprising:
providing a substantially planar interposer substrate bodyaving a first major surface and a second
major surface; providing at least one conductive line carried by the interposer substrate body; 15
forming at least one thraughTheleméiiod gl dhﬁaintemﬂméiﬁﬂisﬂﬁt&bpdyﬂmﬂnﬁ@blﬁﬁspadmefcamnductive
line; plating at Ie:ist one conductlve burglo ass uateﬂ with the first major surf ace of the mteggoser

substrate body to the 2PfeSSRARGH COBrOVIdNS G LBRAGORR S a e e&vtﬁﬁ% theat f&d8€one
through hole; an@&ﬁnmmgmﬁgampmbtbaﬂ sdridashqativalijovidh thdechrduetbienpaste, the

conductive ball protrudlng fro esecondfmh JQr surface of the interposer substrate bog 1 . The
ated .with at leas ? 11St (txr subace an € _Secon éga rsur C?
method of claim f‘?s Kerein plating a e5st one ' ESnauetive ump comprises: E) ating a first

conductive biimpthe anfingtoserfadateitthe at least one conductive line; and plating a second conductive
bump to a second surface of the at least one conductive line; wherein providing conductive paste
comprises providing the conductive paste within the at least one through hole over the second
conductive bump. 30 1914 hElmeibhdd6LEANMLB, fuhtheeicopiptinm geleaptnegontadtivertaemot

comprises simulgnequsl pIatngine 5! CQALGIE BUNR.ANE RS, Spgeagconductive: bump.

10 17. A method of forming an interposer substrate having a first level
interconnect and a second level interconnect, the method comprising:
providing a substantially planar interposer substrate body having a first major surface
and a second major surface;
providing at least one conductive line carried by the interposer substrate body;
15 forming at least one through hole through the interposer substrate body to the at least
one conductive line;
plating at least one conductive bump associated with the first major surface of the
interposer substrate body to the at least one conductive line;
providing conductive paste within the at least one through hole; and
20  providing a conductive ball at least partially within the conductive paste, the conductive

ball protruding from the second major surface of the interposer substrate body.

18. The method of claim 17, wherein plating at least one conductive bump
comprises:
25  plating a first conductive bump to a first surface of the at least one conductive line; and
plating a second conductive bump to a second surface of the at least one conductive
line;
wherein providing conductive paste comprises providing the conductive paste within
the at least one through hole over the second conductive bump.
30
19. The method of claim 18, wherein plating at least one conductive bump
comprises simultaneously plating the first conductive bump and the second conductive

bump.



