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[0004] Flip chip attachment generally includes electrically and mechanically attaching a
semiconductor die by its active surface to an interposer or other carrier substrate using a pattern of
discrete conductive elements therebetween. The discrete conductive elements are generally disposed
on the active surface of the die during fabrication thereof, but may instead be disposed on the carrier
substrate. The discrete conductive elements may comprise minute conductive bumps, balls or
columns of various configurations. Each discrete conductive element is placed corresponding to
mutually aligned locations of bond pads (or other I/O locations) on the semiconductor die and
terminals on the carrier substrate when the two components are superimposed. The semiconductor
die is thus electrically and mechanically connected to the carrier substrate by, for example, reflowing

conductive bumps of solder or curing conductive or conductor-filled epoxy bumps. A dielectric



and to enhance the mechanical attachment of the die to the carrier
substrate. [0005] Wire bonding and TAB attachment techniques generally
begin with attaching a semiconductor die by its back side to the surface of
a carrier substrate with an appropriate adhesive, such as an epoxy or
silver solder. In wire bonding, a plurality of fine wires is discretely attached
to bond pads on the semiconductor die and then extended and bonded to
correspondin%éerminal pads on the carrier substrate. A dielectric
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exhibit a lack of consistent reliability of the interconnections between the chip and the interposer or
other carrier substrate as a result of the increased miniaturization as well as difficulties in mutual
alignment of the die and carrier substrate to effect such interconnections. Effective rerouting of bond
pads may also be limited by die size.

[0008] Further, flip chip packages for abumped semiconductor die employing an interposer
may be undesirably thick due to the combined height of the die and interposer. This is due to the use
in conventional packaging techniques of relatively costly interposers comprising dual conductive

layers having a dielectric member sandwiched therebetween, the bumped semiconductor die resting



on and connected to traces of the conductive layer on one side of the
interposer and electrically connected to traces of the conductive layer on
the opposing side, conductive vias extending therebetween. Finally,
underfilling a flip chip-attached semiconductor die to a carrier substrate
with dielectric filler material can be a lengthy and often unreliable
process, and the presence of the underfill makes reworking of defective
assemblies difficult, if not impossible. [0009] Other difficulties with
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semiceimcondisctdiudbeicetfabilipatibip tedhchmens aevdmpiteriifslosed in United States
Patent No. 5,710,071 exhibits difficulties in aligning the conductive bumps with the bond pads on
the substrate and requires the expense of having a third metal reroute in the substrate.

[0011] Therefore, it would be advantageous to improve the reliability of interconnections
between a chip and a carrier substrate such as an interposer by achieving accurate alignment of the
interconnections, an improved underfill process, and the elimination of the necessity for a third metal

reroute, while reducing total assembly height in combination with the ability to employ commercially

available, widely practiced semiconductor device fabrication techniques and materials.



3 BRIEF SUMMARY OF THE INVENTION [0012] The present invention
relates to methods and apparatus for assembling and packaging
individual and multiple semiconductor dice with a carrier substrate in a flip
chip-type arrangement, including methods and apparatus for underfilling
a flip chip-configured semiconductor die assembled with a carrier
substrate. The present invention provides a flip chip semiconductor
assembly substantially reduced in height or depth in comparison to
conventional interposer-based flip chip assemblies and with improved

mechanical and eBRIBFAS (VIARHIRNOOh EHREICURRETINS between a
semiconductor die and a carrier substrate in the form of an interposer,
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[0014] An adhesive element may be optionally disposed between the semiconductor die
and interposer substrate to mutually secure same, in addition to any bond between the conductive
bumps and terminals or traces. The adhesive element may comprise a tape having a thickness, which
may be used to provide and control a vertical standoff between the active surface and the interposer
substrate and to increase compliancy of the attachment of the semiconductor die and interposer

substrate as well as facilitating rework. In addition, the adhesive element assists to resolve minor

variances in vertical travel of die pick-and-place equipment used to place a semiconductor die on the



4 interposer substrate and helps maintain the die securely in position on
the interposer substrate during subsequent handling, fabrication steps
and transportation from one location to another. [0015] The flip chip
semiconductor device assembly is assembled so that the conductive
bumps on the semiconductor die are disposed in the recesses formed in
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point metal or alloy bumps may be provided in a conductive paste in the recesses or on the bumps,
after which the die may be aligned with the interposer substrate and attached thereto. In addition to
enhancing electrical connection reliability between the conductive bumps and the interposer
terminals, a nonsolid conductive material may be used to compensate for any noncoplanarity
between the semiconductor die and interposer substrate due to varied bump sizes, recess depths and
planarity variation in the opposing, adjacent surfaces of the semiconductor die and interposer

substrate. As noted, an adhesive element on the surface of the interposer substrate facing the



substrate. As noted, an adhesive element on the surface of the interposer

substrate facing the 5 semiconductor die may be used in some

embodiments as a height controller and may also help compensate for

any irregularities in the coplanarity between the semiconductor die and the

interposer substrate. [0017] The semiconductor device assembly of the

present invention may also be configured with one or more openings
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the semiconductor die for forming solder bumps on the conductive elements of the interposer
substrate, as noted below, may also be employed as a dam to prevent flow of underfill material
through openings extending through the dielectric layer of the interposer substrate. This aspect of
the present invention substantially enhances underfill integrity while decreasing process time.
[0018] The flip chip semiconductor device assembly of the present invention may also
include solder balls or other discrete external conductive elements attached to the terminals or

conductive traces extending from the terminals over the surface of the interposer substrate facing

away from the semiconductor die. The discrete external conductive elements are employed to



conductive traces extending from the terminals over the surface of the
interposer substrate facing away from the semiconductor die. The
discrete external conductive elements are employed to 6 interconnect the
semiconductor device assembly with higher-level packaging, such as a
carrier substrate, for example, in the form of a printed circuit board. The
semiconductor die of the flip chip semiconductor device assembly may be
fully or partially encapsulated by a dielectric encapsulation material or

IntereqpnRe U T BIGISEH B B 4 ST Bt WP dte bt e Preddieifventidhag 2 carrier

substriiegbransipllanme mbmay Perineludreuivbiathetlip e saauicondyene flip chip
device assembly. In 1Darticular the heat transfer element may be included

semicqiyRiondRyizensemb R e B s it e iisarT e b lslRstic isapsulation

materiiNeraaty®sliaseaedhe semiconductor die, or the back side of the
semiconductor die. Such heat transfer element may be used to lower the

O R n ol AR BFARTRE D OEHBCRIERTATRY SRR P A5 AL BRI A SMERTTRRY be included
with tHatigplehiPoeid]cbheulipralvip seinicanty ciepadercragsenalyraf e element may be

. invention may include an unencapsulated semiconductor die, a partiall

el 8 RGeS GRERST SHB-BH T2 R CALLTAUA SE LR dEltgportaceof

the serfii€or]@2d] dib@inkemessidulrsiaienictidyptesair! ifveantian taayfciseniet may be
a sem&lgd with.a Ef;luralg%?f S rgicondu% or dice glt a wafer or artia\ fats

used tQ /oRen e PHALPSIFFRRG %P%t FAPRRRSY AhiEliid BPpruFARit) Spmal fatigue.
uesz@ulared sepriagnekistiosmdicads astachaskéangydohdandiksiaed include an

interposer supstrate with.bumps on the wafer or partial wafer suomerged
nencq s SRS R U inte AR SR e RERR A Ry s o 2 fully
encapsliapenseddhiougbreienings in the interposer substrate, after which the

r or partial wafer and interposer substrate may be diced into .
B T ST B, B S LB AN eS - de i i bl with @
pluralibeqpeseiaicoaduatdeaticpattialiyeabvihneamiaferafevrivan dvbersiplatedfdf or partial wafer
desired, after being.diced into indi\g{i@ual seéﬁiconduct

includ ? 1t fre n% e onduct t ﬁéc??sen%j"es' ike-sized
BB A RS i S OSBRI SR E A KA Fab it ate A ORI D HE I Phitetid
interposel yalingate fletiblenghielacihic wagmbepaaicbwadisctivenperabar rarsehtesiied in the
interpQact s‘f'reXib'%‘ﬂL?'e%tt”‘ia emher and a.sojder mask over the CONAUCHVE i sirate
rpor%er%be?.aﬁﬁe i‘exi ee e ec%?fc merﬁ%e?may E%m[?l’lse po ylmlt?gpl%)?eru strate,
after wivitictheverflie sitpatsdldefemnaskineipdbe adnductiveyhedibet into individual flip chip
semicc%rqglggt%e%%ec%'%ls%e b‘li?eré.d o sﬁlg{%b%gfﬂépré?FoSrmae(@%ttt‘?rQstaﬁﬂgﬂ“%%' % wafer
races rtormea Dy etcning or a conductive rayer carried oy the tiexi
level adibteatftw@d nthiesiordy yfpnbting daeddmo indvidxib ke dietadiricomendnerlies.
Uﬁiﬁ‘?z] The interposer substrate may be fabricated from a flexible material including a
flexible dielectric member, a conductive member, an adhesive on the flexible dielectric member and
a solder mask over the conductive member. The flexible dielectric member may comprise a
polyimide layer which overlies the solder mask with the conductive member therebetween. The
conductive member comprises a pattern of conductive traces formed by etching of a conductive layer
carried by the flexible dielectric member or by printing traces on the flexible dielectric member using
conductive ink. Trace ends may be enlarged at the intended locations of the recesses to define pads
for the terminals, and the traces may extend therefrom to enlarged bump pads sized and placed for

formation of external conductive elements thereon for connection to higher-level packaging. The



conductive ink. Trace ends may be enlarged at the intended locations of
the recesses to define pads for the terminals, and the traces may extend
therefrom to enlarged bump pads sized and placed for formation of
external conductive elements thereon for connection to higher-level
packaging. The 7 recesses maybe formed through the flexible dielectric
member from the surface thereof opposite the conductive member by
etching, mechanical driIIinf(_i or punching, or laser ablation, wherein each of

recess¢h @y CedeEB AU G e HRIR LIt EonEERy E tra s andae s Lapgosite the

conduC@OfiQUnaski® yeeaiMe aneanaucl e iumer phitegiseroidandustan siewh&@in each of
flexible dielectric member may also optionally include another patterned

the recesirRETR ale? HHEPSYH BUAFINSUNTACEGE tHE HeXitSi YIEIELtEHEhipareeive @

condué@iaearticosendicomeiciarctie didreTnteposes slensitiateniniber pragemo optionally
) invention may also be formed of other interposer substrate materjals such
includg,another pAURin R PGS RRBCTEAMAYES tgﬁaug@,cg,ﬁ&e_ égﬁ plectric member

to faceAROBRY @sactop iibe RPN Niiyrathoffiie phigeseimieancsior dayitsformed

assembly is mounted to .a circuit board in a uter or mputer .
oF oSSR BB DS L) et Lot AT kA B i
tpoa3¥pcessaiotryiaspediich wlepidcallyicamvunitatespidtip asnilgitiductor device
evice and an output, device, [0024£Other features and advantages of the
asserblyS BOUG NG S ST RRIE SEERPAIT (5 AFGR B N2 U SHPGRAFT Sy stem.
the ciraui®oaidesaliniefiliye ansuiagtdepesietian ddvecaatarnprioyiog lramingsicates with
. an%)t(?e %‘%E)ended C%ns' BRIEF DESCRIPTION OF THE SEVERAL
an Inpy, eexjeC AR R R B ARG S [0025] While the specification concludes
Wib2dpinGparticiulecly poiading agt aotlthdipiaeiy cladmiog Wit bebicheiapparent to

d th ti tion, th t f this i ti .
oo S R SR R S S SRR DSensm

drawimgg@niuh ditoappétidetheaavsompanying drawings, wherein: [0026] FIG. 1 is a
simplified top view of an interposer substrate having recesses therein in a
center row configuration according to the present invention; [0027] FIG.
1A BRBHIHSER IRAION QEWIHE SEMREALSIRYESIGHASIRERRIEBIGRGEST a

o S AR SR RIS S Fo
distincf0PA91nkiKg . tBaissisiniplidieddetbssisepitoaal isida tibayliakématoggg tfith3-Bvention
may bénasl,:cle(%thlln;ed from the following description of the invention when read in conjunction with
the accompanying drawings, wherein:

[0026] FIG. 1 is a simplified top view of an interposer substrate having recesses therein in a
center row configuration according to the present invention;

[0027] FIG. 1A is a simplified bottom view of another interposer substrate design for a
center row configuration according to the present invention;

[0028] FIG. 2 is a simplified cross-sectional side view taken along line 2-2 in FIG. 1;

[0029] FIG. 3 is a simplified cross-sectional side view taken along line 3-3 in FIG. 1;

[0030] FIGS. 4A - 4C illustrate an interposer substrate and a method of forming recesses

therein according to the present invention;



[0030] FIGS. 4A - 4C illustrate an interposer substrate and a method of
forming recesses therein according to the present invention; 8 [0031]
FIGS. 5A - 5D illustrate another interposer substrate and a method of
forming recesses therein according to the present invention; [0032] FIGS.
6A - 6B illustrate a first method of mounting a semiconductor die face
down to an interposer substrate in a flip chip-type semiconductor device
assembly according_to the Eresent invention; [0033] FIGS. 7A - 7B

108 bke 5168LoHtmBABE B AURHIRG ‘A Bsith RREF diadracactiodiotdorming

recess@HBEEIPRSRGWMB Y & predeflinsRiRisamMiconductor device assembly
accordingfto the present inventign; [0034] FIGS. 8A - 8D illustrate a third

&Rk oFiHSuftind s SBHREHLIEIP e THIIRN 4 siintarpisidic face down

to an iteRRIEateubk @abRCHRPYAD 3G iGoNdURiat DeUise-aasambly acepdtipei®e present
. the present invention; [0035] FIGS. 9A - 9B illustrate a variant of the third
mnventipithod of mounting a semiconductor die face down to an interposer

sesBaterIGa fia chip semvices dustondeaviasassendabtiascoeinadeidber die face
resent invention; [0036] FIG. 10 illustrates dispensing filler material
down {34, JHERCS PRy il it tE PSR SOHSAUCIR IRICEH SRRlicaridips t© the
presenéigmiegiagsembly according to the present invention to fill recesses
therein; [0037] FIG. 11 illustrates encapsulating a semiconductor die in a

kB0 sklfiitatiindor HaAte AREE B RE AU HIRG tHB!SRE Bisigr die face down

to an iiRerpisendibstancRicrPpaspmply seatesdingte daeifresRRibinYeniigndeo the present
another substrate via solder balls; [0038] FIG. 12 illustrates a

nventighiss-sectional side view of a flip chip semiconductor device assembly

ino033ng RIS 29 Nansfen@lement aceaishing thithenpiespstiniidvanti®a semiconductor
0039] FIG. 13 is a simplified top view qf a secon embgodi,ment of an

o ) :
die faci GBI BEHPRtE" ARG SbRUeS R pRS aade pggyessembly according to

the presenfigueation; according to the present invention; [0040] FIG. 14 is a
simplified cross-sectional side view taken along line 14-14 in FIG. 13, .
il

ind 1o 0als BTV REA I SRR LA e eRGRIPaB g g terposer

substrdfe an iNepRosesubsiidiRtor device assembly according to the present invention to fill
recesses therein;

[0037] FIG. 11 illustrates encapsulating a semiconductor die in a flip chip semiconductor
device assembly and attaching the flip chip semiconductor device assembly according to the present
invention to another substrate via solder balls;

[0038] FIG. 12 illustrates a cross-sectional side view of a flip chip semiconductor device
assembly including a heat transfer element according to the present invention;

[0039] FIG. 13 isasimplified top view of a second embodiment of an interposer substrate
having recesses therein in a center pad configuration, according to the present invention;

[0040] FIG. 14 is asimplified cross-sectional side view taken along line 14-14 in FIG. 13,
illustrating passages between multiple openings and respective recesses in an interposer substrate,

according to the present invention;



according to the present invention; 9 [0041] FIG. 15 is a simplified
cross-sectional side view taken along line 15-15 in FIG. 13, illustrating the
adhesive element on the interposer substrate and the conductive
elements of the interposer substrate, according to the present invention;
[0042] FIG. 16 illustrates a semiconductor die mounted face down to an
interposer substrate of the second embodiment in a flip chip-type
semiconductor device assembly and dispensing filler material through an

04 ikiffel st strahiteh siostetoinmabide Lnikenalong ibrding tdn FIG- 13,

illustrdfigepiRsaaidavertians 1004 3h& Ierbbdbt siRies cneapsUERHag@ ve elements of the
semiconductor die in a flig chip-type assembly and the flip chip-type

InterpOSeE STRBIA SN 18 rBMHRF IR BY Qilf¥trate via solder balls, according

tpothe | present e vendianslQ04dhiciadddds aisimplified Rpevi@wafa Wirthterposer
embodiment of an interposer substrate having a channel and recesses

substrajge plirthi, SEeMterPRASEBHHGY 4P £0HTIRTgHsE RN laH B isHmbly and
dispentdR4 5] 1B Gnat&ilg ensdplifiedpeass seeHonakaidecyiawsiakenatangltisges therein,
19-19 in FIG. 18, illustrating fingers and recesses in an interposer

accord il e Presel Y ¥ he present invention: [0046] FIG. 20 is a
sjovatiijedremsisr seeiianal sidepvigwitakear alongilion20e2a il GhipS8ype assembly
illustrating the channel aqijﬁlcent a recess in the interpaser substrate,

and the i PirdRs diec preRaHE REIBR TB0#7 #tsb PE fudtraqils palls. abcording tothe

presenS@iég@oductor die mounted face down to an interposer substrate of the
third imbodimen,t ina fli&fhi -type semiconductor assembly, according to
A%f

th0%Hes &M Pinletsbrmy feia19% s tPARL SPSHBRAGY (U VigROS iy strate
havindnie/poesel subsvaieal mérird ienbedistgnidnobfieetva SRovEIREUEtae present
) die in a flip chip-type assembly and depicts dispensing filler material
nventigisugh an end of the channel formed in the interposer substrate to fill

reeeEsies khere s aceasting tedhiespresentsiayentinnkiNdd) Hige PB19 in FIG. 18,
Thuste iIlustfates. e%gﬁgésulatin&ﬁl s,emicondu@r diein a f(lﬂ) chip-tgpe asselzmte)ll%ion;

U {HIESH O PRt SR BIBEESE SsbtBr SrECRB A SRbHR

sogsRteRIB. 20lder dalsified cross-sectional side view taken along line 20-20 in FIG. 18,
illustrating the channel adjacent a recess in the interposer substrate, according to the present
invention;

[0047] FIG. 21 illustrates a semiconductor die mounted face down to an interposer
substrate of the third embodiment in a flip chip-type semiconductor assembly, according to the
present invention;

[0048] FIG. 22 illustrates a simplified top view of an interposer substrate of a third
embodiment mounted to a semiconductor die in a flip chip-type assembly and depicts dispensing
filler material through an end of the channel formed in the interposer substrate to fill recesses therein,
according to the present invention;

[0049] FIG. 23 illustrates encapsulating a semiconductor die in a flip chip-type assembly
and the flip chip-type semiconductor assembly attached to another substrate via solder balls,

according to the present invention;

10



according to the present invention; 10 [0050] FIGS. 24A - 24B illustrate a

method of assembling the flip chip-type semiconductor assembly

according to the present invention at a wafer level, wherein: FIG. 24A

illustrates a wafer positioned face down prior to being attached to an

interposer substrate of the present invention; and FIG. 24B illustrates the

wafer attached face down to the interposer substrate; [0051] FIG. 25

illustrates a simplified top view of a first alternative interposer substrate .

HAORY rebldSestherdth HUHASHRS R EotstrRias el thifyigremiconductor
assemBIRERRBEANUERIIAB pIOHE ] Fiati 8P At W sinate feAesivmtibad to5e Viem afdtrates a wafer

.. secaond alternatjve interposer substrate having recesses therein in a )
positiqned fce Ao WBREGH ARSI PRI £ R TRSSEM BRAR RO HqBERsS ipfesention; and

FIG. 228 illustratesnnderdillingcapd Rocapsulading anfipehipstpaaemiconductor
device assembl havingthe second alternative interposer substrate

dOOH, aELGrdin s helmRt g ARt sul ] QAL s Lifsgsubstrate

havingol@@kdingeaéh oh thelfipphi-tyipe senveonduainicasSeenbicaf hepiesent
invention inte%rated in a computer system; and [00554 FIG. 29 depicts an

A99°3A chitSimp itEraistid AIOPHE D HR SR ntorrd Sitg™atiio ser substrate
havingdiglegisiaiidlermatesial place soankddA | bebr &S RPNt @fvehlibn;
INVENTION [0056] Embodiments of the present invention will be

nOERhid GesbAbetriih Rienianes B RReaREtHBaying drawimgs cipiconductor

devicewsidie e Hinder gioeek thatdhase: il sitations: 366 snatdddgsiakerbasn @E3Wad present
views of any specific apparatus or method of the present invention, but

mventions merely exemplary, idealized representations employed to more

cieesy areiduihg depichpigipIesasnt dnenieT thafi pugpt ophemicm i tor assembly
possible. Additignally, elements and features common between the

of the BreRFRh P HERTEY P & TR AR RIS &8 nation. [0057] FIGS. 1
sz respectivelypdapiat psicaplifiedipnplanatiew@ftas préespOsREntion using a
substrate 15@ and a l‘%{]ﬁlitUdinal sectional view. The interposer substrate
nonfloy; §qleefriG VAR e H SV AHHREY to, a flexible substrate, which may

include a dielectric substrate member 111 and a protective solder mask

118. The dielegtric s rat mber 111 m fine a first surface 112

of the interpoﬁéﬁﬁﬁ@%ﬁ%ﬁiﬁ%ﬁﬂg éﬁd@%ﬁ?gﬁgﬁﬁy y define a

sposel swifacdiblhwbinge pres@asevention 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. Additionally, elements and features common between the drawing figures
retain the same numerical designation.

[0057] FIGS. 1 and 2, respectively, depict a simplified top plan view of an interposer
substrate 110 and a longitudinal sectional view. The interposer substrate 110 is preferably, but not
limited to, a flexible substrate, which may include a dielectric substrate member 111 and a protective
solder mask 118. The dielectric substrate member 111 may define a first surface 112 of the
interposer substrate 110 and the solder mask 118 may define a second surface 114 of the interposer

substrate 110.

11



substrate 110. 11 [0058] The interposer substrate 110 maybe formed from

any known substrate material and is preferably formed of, by way of

example, a flexible laminated polymer or polyimide layer, such as

UPILEX7, produced by Ube Industries, Ltd., or any other polymer-type

layer. The interposer substrate 110 may also be made of a bismaleimide
triazine (BT) resin, FR4, FR5 laminates or any type of substantially

nonflexible material, such as a ceramic or epoxy resin. [0059] According .
RS brebRM RGO REtEA 4 Qempy e @Iﬁlﬁ%ﬂ'@rﬁby Afbpsiatq pyterial and

is prefépiudRsmeultinle) eeessesaipwas flldbienmes tharin hrY (G NALHAS layer, such as
129m opening thereonto in a preselected pattern and of a predetermined

UPILE G BrsiuisdnRy H108 MROHTBS vekitbs8E HPyRile ROISHGR e it Lhe Interposer

substr&ONAUGHNE Padhemiaanbial tigd Atis RRtiam e el.rdhe, cedvRivRBaises or any
or terminals 122 _are interconnected to other conductive pads 126 on a

type ok bt Wl HRA e P imRFab P el BS A SEEATES OTSRRKYCSNductive pads
1039py ResubisiantialyydvastyReton, candretiveeadsnsfteisipoas siBsrate 110

and merely comprise an Oé)posing surface thereof or, mare typically, the

includes, il RIgE 5SS 126 tial HAOPIeCelcai DRSS Bratdtet AP fodxtitirgonto in a

preseldaiel phiytaffsatiand peraate el HigiragsaeietheandupiR RIS 6f vias 120 each
terminals 122 and elec,tricaI%/ connected thereto by conductive traces 124

included st SRS Pt BRGKEH fin @) DSBb] e bl feisde 4y lgninals 122

are inté@uonaektodtheotinte RASAE SUOSIRIE2E A inecprasealecied] patiaragoser substrate 110.
correspond with a bond p%d cor,g(iﬁuration formed on an active surface of a

Such copitibyRidH 2B BN B B A P R RS H KB (GEpesnays 122 and

merelyd@pigia dhenoppipiad eaaace hiRdfivraneestgliyalgaed: sidglevepads 126 may be
configuration in interposer substrate 110. Such configuration js made, to .

placed. g} XaHRy HSALRELACtD ]é)??ﬁ‘r?fﬁe&ﬂ’sf’é?%%o“ﬁ%fﬁl:tﬁ‘? i&e‘ﬁ‘é{{ﬁné{%{f‘cé fiaifysociated

condualigneds singlentenis hap dn pad eacdiguatieawdichew bypendaca felthices 124 (shown

. illustrated hereafter. Other preselected patterns, by way of example, may

mn FIGinicj:ch%ggﬁrll?gf?gbed recess configuration (FIG. 25) or a peripheral recess

CobgUratiaa fulGpl2fechawee hrélerpeeidamid iiverpioer syt adapiagiselected

ter 2Ny, recess onf\%%[g}ti n 5; match with e,[an%lgéarticular .desirg[:d brgfd gad duct
paterm G AIRGRRABH LG R RSBl PICBRSA SN sy W4t Sl conductor
die intanyeguticidl esivpe , tbeiekoa s watenplec iy ulalepieds chie ubalsipledrenayes 120 in a
cental 5. 2need sdeualle so thal he openings of mpfyig O 0 1ECSSSER, mace
P&l tatgér an e bottoms tHeresr. S gt

to correspond and attach to a bumped semiconductor die having a centrally aligned, single-row bond
pad configuration which will be more fully illustrated hereafter. Other preselected patterns, by way
of example, may include an I-shaped recess configuration (FIG. 25) or a peripheral recess
configuration (FIG. 26); however, the present invention may be adapted to any recess configuration
to match with any particular, desired bond pad configuration. In addition, the multiple recesses 120
may be formed in any suitable shape, such as square, rectangular and circular, and may include
tapered sidewalls so that the openings or mouths of the recesses 120 are larger than the bottoms
thereof.

[0061] It will be observed in FIG. 1 that conductive traces 124 extend over recesses 120

and may optionally extend therebeyond, if desired, for enhanced adhesion of conductive traces 124 to

12



[0061] It will be observed in FIG. 1 that conductive traces 124 extend over
recesses 120 and may optionally extend therebeyond, if desired, for
enhanced adhesion of conductive traces 124 to 12 dielectric substrate
member 111. Conductive pads or terminals 122 may completely cover the
bottoms of recesses 120 or, as depicted in FIG. 1, may be narrower than
recesses 120 at the bottoms thereof so that gaps 121 are defined on one
or both sides of conductive pads or terminals 122. As implied above, the

dielectig bstrls traeBael 24 L witieR M ok amisterelh pris ey msarririgly cover the

bottonQfIREfeRUOY 20N@Y Rel@dhedad WAhe digjastHerfiinstiaia MRRBEI T at the bottoms
LEX7, BT resin, FR4 or FR5 laminate material, or other substrate

UPI
thereof, 50 tlab paPg Jinly e ABLRRLE O XA EIIP TR iilesof sondurhixe RS AEiesmypals 122. As
implie?ﬁf@f/@tﬁé ﬂ’lf)ﬁl@@l%@&%ﬂ@ﬁ?ﬂﬁaﬁ haypdbesielpllarnsngs ! ﬁﬁbtﬁoﬁﬁﬁr or a copper
ielectric_substrate member in the form of a conductive sheet, the traces
alloy. fpay, Biafifhess t?%é%?xé’l&%?ﬁm%&“ﬁ&%tetﬁ%el?ﬁ?‘?w V8 LrRet: B g dichiig.or FRS
lamind@0G2lchurtkeroihée dseheunstsatasl Loingayaist s ciude@mopeivard.3dn some
. shown in broken. lines) formed thereacross, the opening 130 . .
msm“éﬁﬁbé‘?ﬁrﬂ?&ﬁ%&f’én‘&ﬁwﬁ‘)’ ‘%Fé“ée|61’ﬁ1§%H?ﬁ%lﬁéx?é?ﬂf’%f’?h‘/e%é@ﬁ&%t?lli'é“ﬁe‘b‘?lwﬂc
substrathglaninwisanfiguiationcohthetmeliple, (eeassesebiiapsoneaeivtBfformed from
interposer substrate 110 to the other. Opening 130 may be formed wholly
the CO‘?HU[ﬁtéV& it OPHF&TBERC substrate member 111, or may, as shown by
tpeobokeruleird. line e sefsrence] Dumae idolidehitchakmpanae 1tEshoekERn broken
) ead line from reference nu %ral 30 in FIG. 3, be formed in solder mask
lines) e EISIFEES™ P ARRB B0 el BaHoH e sk T e HEdImal extent of the
central$ybbpiaie, mebemlddhapd-priiallyhinmsoldele mrsked 180 asdesieead of interposer

Opening 130 may be formed to aljgn.along an empl]o ed recess.. .
st R e MRl o Rt o o LA te et sobseae
membér Gl 12 depigiasshoros $rshetiooikd viewl takdroal oefgrine: Zunigrdf 130 In WS 2 and the

illustrated, opening 130 inclu ul ée S ents 132, each s n
brokery S R R s PELRREb A0 BT e ! course
openine @8 sesylR0fdrundtigrraaldth sedirientit 3Aaeahanamdxtandsaatbpgrtiadly in solder

js of opening 130 to.a sj ortion qf each of the recesses 120;
ot A e R L R e er A 12 (B oAk aployed recess
configopeining:.230[chtpe recpsspkel0 iTarbeseitdbletnansienikon 8xaRiple? depicts a

and as.depicted in FIG..IA, opening,130 may c ise a slot |laterall .
eross T S B eSS B DR gl
segmeilth if33f Sectibtedieletide sabdingicetwennbepad it idivdudmueate 820 of the multiple

opening 130. As shown, conductive traces 124 extend across openin .
recess 3]?,Hé.n dngh%, Sach S%Ti]ét as shown ex engs a?ong e AXIO3F oﬂ%mng 930 to a side

mask

older mas
portion of each of the recesses 120; however, the segments 132 may extend and be positioned from

the opening 130 to the recesses 120 in any suitable manner. For example, and as depicted in
FIG. 1A, opening 130 may comprise a slot laterally offset from recesses 120, which are themselves
defined between fingers 111f of flexible dielectric substrate member 111 which terminate at
opening 130. As shown, conductive traces 124 extend across opening 130, and solder mask 118
covers the end portions thereof flanking opening 130 and providing an enhanced depth and width to

opening 130 for underfilling purposes.
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covers the end portions thereof flanking opening 130 and providing an
enhanced depth and width to opening 130 for underfilling purposes. 13
[0063] To further illustrate opening 130, FIG. 3 is a cross-sectional view
taken along line 3-3 of FIG. 1. FIG. 3 depicts opening 130 extending
directly into the recesses 120, i.e., into the plane of the drawing sheet.
Such opening 130 is shown as having a lateral width smaller than the
recesses 120; however, the openin be sized substantially equal to,

O Slr A RHET PR RFTERS o F e 26 S pTcien lons

line 3-8@NEVGtyEHIaHS @éﬁﬁ&ﬁuﬁaﬁqga%@éit&mgaﬁkmym@h@fr&@sgegqeg@qse into the
120 interconnected through conductive traces 124 with conductive pads

plane qiyge dimed iicthe> Sel SREM SR b 9 1P AR IAYEp ASEr KBt framaltyT than the

recesséRNROYRSAdder, MaFpdniBe [APAE Fiked sdbanatdInlsQ el pisbamadhesivethe lateral
element 116 dls§)osed on the first surface 112 of the interposer substrate

width ok FeateqsssyidlivEI et 190K 6?8%%%819 %ﬁgwgé‘ﬂ%ﬁ’%{ﬁob%&h%? fifpstom of

each ofifskSuEtace 128 pidhodntetpd sabapibstadactil thatisl adjaa@ridadtictive pads 126
separated from each of the multiple recesses 120. The e elemen

CXpos %ﬁ%&ﬁ‘é‘lﬁﬁvr Afitabid AdReL g?ﬂ%%?fﬂ%sgétﬁr%&\%ﬁafﬁuﬁdﬁ’eg%iﬂ 3
AJOEPAXYFEGSYlicarer Diherdepitableaanibesi wrnidie AdhBsivece kamemrltl@rface 112

may comprise, Wt 0 itation, a onlmlde tape adhesive on
of the 1&5‘6%?%?8%%%8%% héﬂ‘f 38%%%% P QoS §Q%‘z¥§? Bictigtadpion of the

first sstnae memhareiﬁds)ebeubgt@@wnedmthsaaaymmtm yglpasel layer vl of the
dherence onductor die i ired. Such ve element
multpfg TR A0 oA QRO S, e S S SR Sl as Known n
the artd@ﬁﬁ]ﬁlbeChmemﬁcrﬁ detdlilcladerother aiiis At agheiete et ddiedivaykiement 116 may
employe function as acer bet enas miconductor di
comprte Al LA 2118 BT P Varaber LA Gr i Bt etlrad s g with the
exposezhiiifattéaciagreeaptrinsaitieosid adnduaetivietibsn p]slb;aentgtmetémwnh a protectlve

iamlcond ctor die into recesse 20. [ 065] FIGS. 4 h4C d?é)
release er_unti l’;_ll erenc tO a SC CtOl‘ IS required lfél %’ﬁ:Sl}/ ? ment 116 is
ocess't may Q ds& rmlng he TettESes IFs
preferaﬁﬂyfaf;éallﬂﬁ’ooflmtmtpﬁsarrﬁuh&ﬁ[ﬁﬂﬁﬁ1ﬁmﬁlﬁi:kﬁésﬂ€$ﬂ:t&mﬁ$ﬁmhore detail later
._supstrate 10 In(il dlele tric sy strate member 1%1 havm%
herein, a eswee t oy yed o function 4 spacer b tween asemiconductor die
gotom' conductive orm o 6N & surface thérés apro fective

and insopdesrmaskrdtt 8 IOmmpd)Mrathammdmﬁmﬁ lhyetbeweerdigl@ctriatrol the degree of

insertiSyRsra gumterg del#é%lt%j IS. F Lefer, bIQ/ a erx(ElICetorp erla%!j such asgbe
above-descri Xi aminated polymer material of polyimide layer,

bwoesy diEeSnthiddrasib8tanktaity rmrpﬂewbdethmhaaﬁl b&hesbbttomforming the
recess SO SHVE LML ISRARIE A0 FARRELL & ATORRR! FIEY: B MRY REi8Vinterposer
substrate 110 including a dielectric substrate member 111 having a bottom conductive layer formed
on a surface thereof and a protective solder mask 118 formed over the conductive layer. The
dielectric substrate member 111 is preferably a flexible material, such as the above-described flexible
laminated polymer material or polyimide layer, but may also include a substantially nonflexible
material. The bottom conductive layer is preferably copper, or a copper alloy, but may be any
suitable electrically conductive material. The bottom conductive layer may comprise conductive
traces 124 extending between conductive pads or terminals 122 and conductive pads 126

(see FIG. 3). Such conductive traces 124 may be formed by masking and etching a bottom metal or
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suitable electrically conductive material. The bottom conductive layer may

comprise conductive traces 124 extending between conductive pads or

terminals 122 and conductive pads 126 (see FIG. 3). Such conductive

traces 124 may be formed by masking and etching a bottom metal or 14

alloy conductive layer or, alternatively, the conductive traces 124 maybe

formed by printing using conductive ink, or otherwise formed using any

method known in the art. Once the conductive traces 124 are patterned, i
alloy cdugiovs LN SbIs REER Y 1B R A BE RS tH&TeBRE P BB NPTy ng using
conduélBRiGHk digleisvaubriraiel mambaiyl bt mathigne efithéesesered 2@ conductive

farmed therein, Such recesses 120 may be formed by patterning, utilizing

traces L2 FREHFIIEL P BT & e ThBEREAAIENIRR 0P B R Taser

doedsIn, BIGMBMRHIOd knowih shesaitandabiable feitusgenithiiBaecesses 120
éﬁe of material emplé)%ed for the dielectric substrate member 111. The

t .
formeg HEUL Y SREFESSH et ANy b5 ﬁ%&&?@é?ﬁ%?@‘ﬁ%rﬂ%é“@ﬁ s Bt avet etch or dry
etch, nGnabictiveriNages: pafcisughascondistve Paasetiodaivinala thddrtAh@suitable for

.bottom of each recess 120 and, for example, at the location of each
use iR PAEFON CRINAN 122 SO UB R R ER o s 120
preferfBdeemst eheap@olsbai®idietiic: bifieachnsaldptk theenbigriatbaleciatctive pads or

. being compatible with the condyctive material of the conductive traces .
erming A R HE B OhTHE o e Senr U B IS 5 g i oo conductiv
pad oriRi@ipasepZulgitaiealdéhdidGe4haittistraiedéaidbe wallaofdliboreaessesin/lead

120 may include a ¢cqnductive layer 123 formed thereon, for example, b )
solder g1 e Bl 0 TSP P RS g tocive
traces [PRéseidt wivte tiiou iy ibfer nd@sdiavnlie ol =SndBdandhigicrpeessedstrate 110.

may be formed with large mouths which taper to a smaller bottom,
FIG. 46 AR g iy A R S HEEE RO SEH RENGhA formed
thereoaddnoatnpie the aett o6/ keSS hbAdhowgth pLtdepici@ ppdessisimilatice of the
to that depicted and described | GS, 4A - éLIC of forming recesses 120.
presen| D SCE 3 o TG P e A LIS O L SO ISR with laree
mouthandtiedr tigyenonasmedlica isecond Saoldwgitren fayery 15 RH whffadeih Wsi@g isotropic
etchin 5%.0 1§l{clrlle§eg ngwcl:lob]r[llotlhlectalr\/tg I_ayer 125 |s_preferably a copper or copper
8 oy a%/er, Bu may be any suitable electrically conductive material, and
niegeldE pRiESned witbuirh 6Es de@pengingeon ding lae edthand: pegedrendeditscribed in
f. th icular semiconductor die.to whijch the.interposer substrate
s B e BT L i ) R e
additiexgosetpartiges ofrdidieeticsubstrdtetimeinixar1 23 lavtheven thElfece'sstech second
20 are t formed.and substantially etched back from the inten .
conduc?laltveer a?]yB{) %#glg rPé%}erabel‘y a copper or copper aﬁpquayer,lf)ut may be any sulqz?bqe electrically
conductive material, and may be patterned with traces, depending on the needs and requirements of

, with the

the particular semiconductor die to which the interposer substrate 110 is attached. FIG. 5B depicts
second conductive layer 125 patterned to expose portions of dielectric substrate member 111 where
the recesses 120 are to be formed and substantially etched back from the intended lateral boundaries
of the recess mouths. As shown in FIG. 5C, arecess 120 is then formed in the exposed portions of
dielectric substrate member 111 by a chemical wet etch or dry etch, mechanical drilling or punching,
or laser ablation; however, the recess 120 may be formed utilizing any method known in the art and

suitable with the type of material employed for the interposer substrate 110. The recesses 120 are
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of the recess mouths. As shown in FIG. 5C, a recess 120 is then formed
in the exposed portions of dielectric substrate member 111 by a chemical
wet etch or dry etch, mechanical drilling or punching, or laser ablation;
however, the recess 120 may be formed utilizing any method known in the
art and suitable with the type of material employed for the interposer
substrate 110. The recesses 120 are 15 preferably formed to expose
conductive pads or terminals 122 of the conductive traces 124, after
prefera dRTAdifio AP LSHARGIGE Yh AR AT TA B8 e tf SertRdusUpbaages 124, after
which p@diighafdhricanaduativg paaks, 6 peicainBle: 12 xPssbeition GaREkstiNRtive pads
layer 123 may be formed by electroless plating on the walls of the

or termutlsdad 120 WY Haf SN ESHAURYVE! Y BT 28 EIMELIY £ 56T bP e on the

walls cToRéltective pamipsOihtesinalm duoti of the exppsatcandustiva dfatesohddcetive pads
as depicted.in FIG. 5D. As shown in FIGS. 5A through 5D in sogd lines,

or terBiusr aralk TEEIRY TGO TN CO0ET G o r R Bt ns Gr D As shown in

FIGS. sondusiptesreieesidines, mayenalste e mpepturedefapestierege over the bottoms of

therethrough, for example, to provide an opening 130, as shown in .
condugiy BRHhda 5 BpORE HEARETAIE BrABRE R ARER s aripls. o provide

an opel@aaticnsofsHeeasseisdiZd tinethenyisescakalasiseddéoneahancadeundesfiR4 at the
. access. If a wet solder mask 118 is employed, recesses 120 in dielectric
ocaticg S A A TATANBA 35 S50 e L SR L A Brofbe et solder
mask BddRr engskyapplicadions ia dny dfdlrgsoldebsmaskmdiBhsramiplayediugged with a
merely be laminated to dielectric substrate member 111. [0068] .
remov ) AR A A G (BB G e v i
may migrelyringnangdaondir¢enierpdsensubsindte 110 to a semiconductor die
ig,a fli ip-type semicanductor device assembly 160, FIG. 6A )
T e R B e e Dt A1 16 Al o mounting
and bolatingitnepseaniadrductan die 1Séhprardacttedasseirbly filyecagf-type semiconductor
. Semicqnductar die 150 include active surface 152 and g back sjde or
device g L e R e TR B g P 1 e ana
facing gadehsBbkarngliel¢50rnadytcdrdiyativel hurapsfl S6thieredrtGuic 150 includes an

active gl?r gc%cf%/fapl}tf a as(':lg'Slge %p gur aged lgﬁd\%lg'ﬁ?ealﬂ) Ihse%r(g{(\:/ggd %g r1 em]é?uc()leaérg plurality
ora preselec ed con |gurat|on, whereéin the recesses In Interposer
of bondphgtraie hd:Qiagelsizeidadyd @ahiiguedatoped e gpoech whictheonductive bumps 156

copfigyratign of the. bo ads.1l nd cgnductive bumps 156 of. .
wnd b TR A 10 8 et o (kb NI AL B B R the
recess¢et@8ses hiRbrpmdrconiuctive unnps sia6l aredswostantredly taniwoespragesvith  the

configggagg‘%h 5 Q: ' Ac‘ls 2519%)_' i ggﬁ{ﬂ&?&e%ﬁ%&%?ﬁ@ 8 s%%?ig UOLOP drlig) 950 so that the
efined therethrough or, alternatively, fu older mas coverage
respectnaydva figordteds acrnpss:the dottorws0f 20 and conductive bumps 156 are substantially
mirror images of each other. As shown, solder mask 118 may have an opening 130 defined
therethrough or, alternatively, full solder mask 118 coverage may be provided across the bottoms of
conductive traces 124, including the locations of recesses 120 as previously described with respect to
FIGS. 5A through 5D.

[0069] Conductive bumps 156 preferably comprise, but are not limited to, conductive balls,

pillars or columns. The material of conductive bumps 156 may include, but is not limited to, any

known suitable metals or alloys thereof, such as lead, tin, copper, silver or gold. Conductive or
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conductive traces 124, including the locations of recesses 120 as
previously described with respect to FIGS. 5A through 5D. [0069]
Conductive bumps 156 preferably comprise, but are not limited to,
conductive balls, pillars or columns. The material of conductive bumps
156 may include, but is not limited to, any known suitable metals or alloys
thereof, such as lead, tin, copper, silver or gold. Conductive or 16
conductor-filled polymers may also be employed altho‘iuﬁ%ﬂ% old and PbSn

conduglgilles| prpangrs By rlRe Hreavta iy bRt et of BETRagpETently

preferiefi Umie bohahanae irrispcs Ib argfdeosighoist arcinghddeisdos @xampbagRoadseinclude,
of a first material (including a nonconductive material) havin%l')gne or more

for exugRigu ARAIRIet 6T SRS H BRI R & 8BRS EORUNEHIE B UMY i QR or more
condu@iedarably dovinedondhes asdieers Uaakdib2 afiepeh SEmicaacighty Miened on the
. 150 at a wafer level, but such is not required. Conductive bumps 156 may .

active ;Surfaee by by st SSGHB%‘?& Fé?t‘&][ pfhtthg/ e e riRth g gbld ugeauired

Condubtiteingh iy 156 e bpBeliid@med anynstitable sraibetkaavp dinfie@ici|(eifdhg, gold
FIG, 6B depicts interposer substrate 110 mounted to semiconductor die

stud bympipg é’rﬁgr?li CRAIBEsSRTIRS MR VL KB P9 8D, wherein such
aeToiblyF1I60aB avjslas ithatpeashudithe: comahidativel bivapi dikfdsor die 150 to form

.. substantially inserted in a corresponding recess 120 of interpose

lip i e AP BRSPS o (ARG G g o the

condutabttopupipedsh af thebstecesseskeleSuahafli@abip sSrinicarcisto2@eyfidaterposer
as bly 160 may be initially attached by the adhesiye element 116

substrgE A0 TGt SRS TS b SED Sle gt o GOa of each of the

recess@Ormuciveh Aipnpskomicoriie semietrrdisstarbiyel 6 thayahe tikiinlie attached by the
.bonded to the conductive pads or termjnals 122 in the recesse of )

adnesi B s ST o e T A T OBl Bigaductive

bumpslB5 (ihtheecasaiobshider hiin|iX) anauting the tondettive theinepsdibtvi@npads or
. the case of conductive.ar conductor-filled pol umps) as known in .

erming e 3 B P S R o etk 0, R s Teflging the

condu@sve hraspnic 6 (i thaeraalecd sypdessionp{0Q €l ik k3. coAdudtB d@pigis 156 (in the case

implified cross-sectional views of a second method of nting an )
o con b I BEL L CEALG T D08 CBMICRRLIES s TR affpondin
knowrsianticandueidredeilicedassamislyl d&@nkd G thAriHaistratesethedirst surface

SRS T B R S BPTR L g s o
mountrlg> abd\ bosdingtanteafiysevenbsaspeliexceptthecaddaotivéidlfipmlsoflip chip
semico%%&&%r device assembly 160. FIG. 7A illustrates the first surface 112 of interposer
substrate 110 aligned with and facing the semiconductor die 150 prior to the assembly thereof.
FIG. 7A is similar to FIG. 6A in substantially every respect, except the conductive bumps 156 on the
semiconductor die 150 carry a conductive paste 182 thereon. Such conductive paste 182 may be
provided on the conductive bumps 156 by dipping the conductive bumps 156 into a pool of
conductive paste 182 or by depositing, dispensing or otherwise transferring the conductive paste 182
to the conductive bumps 156. The conductive paste 182 may include, but is not limited to, eutectic

solder, conductive epoxy, or any nonsolid conductive material known in the art. As shown, solder

mask 118 may have an opening 130 defined therethrough or, alternatively, full solder mask 118
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semiconductor die 150 carry a conductive paste 182 thereon. Such
conductive paste 182 may be provided on the conductive bumps 156 by
dipping the conductive bumps 156 into a pool of conductive paste 182 or
by depositing, dispensing or otherwise transferring the conductive paste
182 to the conductive bumps 156. The conductive paste 182 may include,
but is not limited to, eutectic solder, conductive epoxy, or any nonsolid
conductive material known in the art. As shown, solder_mask 118 ma

coverage By RO HE PSP HiseRp s Bl oo S aitarRv o HiHLds locations of

recesséPask dslSredib Gy AeagEbRBY e BipMtRIRGHISAtehR@DS of
conductive traces 124, including the locations of recesses 120 as

oMV lisiy deRis g it rdBn it S GERRST R EY) Spny6iRS A gemiconductor

die 150lepicsad ififr Khip/ Bt Haieipe ek Rehsiaid UG 05 meusieddeh of the conductive
semiconductor die 150 ta form flip chip semiconductor device asse
étlrtag&/a 110 with

bumps; 5y 1§ bR B PTG %ﬁ&ﬁ%’ff%p%ﬁ‘mééjef%% QQL?S&&?EH%W e
the colid@ct ROTEIPABYiRGIRGRESWIRD ObinGTpashiespasttateclhhaitn2the each of the

condu aste 182 enga ith the conductive pad or terminal 122 in
recessesat4y "}&(H% lgéscaégzgggﬁ%t 3%% [}‘i{%CHP’I%P@é%g P%"é@éﬁﬁ‘ﬁf@ﬁ%léﬁ ponductive
pads od@znfirawdes €Ma@dﬂiﬂbfh&©@ﬁ&mtwﬁmﬁﬂﬂ§lﬁ&ﬁmﬁaﬁgﬁﬂt ﬁM&ﬁgllflt i.e., their
some of the condugtive bu s 156 are i sistent in hejght, i. e., th
free erg g AP cSLAPOST BT o BRI e 2 provided
thereoﬁ:ﬁ[&z@uﬁélﬂl eqiasiéed Wtﬁ@ﬁﬂﬂﬂtl%@ﬁ&ﬁ@ﬂmmiﬂﬂm 122 haheladdadhe20 of interposer
ctive ads or ter s 122 in the rec of rposer
substrg I DT GOAR SSTOeT BAS T ML LI PR, 6A and
6[130?8(1)73’1*19838A8ﬁ8198&1deplﬁhq:bmwmeﬁoescmstﬁﬁmlmawglew&ah&dhiﬂéthod of
method of r|n ~maunting and bond| (nterposer substrate ]dlol\g/g i
prepar AR R, T TS SHIR D b ac s tatnis dre 150 a i
chip-tyassemlyntiaOok Hsvi8Adepitis iner ﬂaﬁemwbqﬁatﬁﬂ&@b@vimg)armam ofving a
onductive paste dispo ed over a stencil 186, patterned with .
mass o RN RST L5 LB i a0, B P NN b gagespond
with réselfsen meﬁddagoacﬁprﬁaqimgdnémbeh&sgpmaruhe sptemtitd Bf1abethE84 over the

stencil tlzg r@gu%c }1 uc 1\:}'68 2 dl%B??' ed Isrlltee nh gg}fg?‘[ %cr:ecséssgs }%8 '-ﬁ[l%gstencil 186
en rem v prlor to g?gnlng the conductive bumps on
is thentteensendi pnndumdlgnimglﬁé)omtdiuﬂm/el‘mnaﬁs%&aﬁ)tm ﬂamiabﬁqnoserdie 150 with the

recesses Pig?f}ce} 110 aS de su sd[rle[‘geFll C%B C{Alte{n(ﬁ tlv% @% te %grgductlve
ISpOSG |n 0 recesses Wi OU using a s enci US nét

paste ]ﬁIrfma@ bt diglestdamubstratesriemivarhdifl visedf astamsiensd, ng}hAllihrface of
dlelectrl?cfes% A 91'1‘{3 291 19217 103 (RGRfSes 120, FIG. 8C depicts the

[0074] With the conductive paste 182 in the recesses 120, FIG. 8C depicts the interposer
substrate 110 mounted to semiconductor die 150 to form semiconductor device assembly 160,
wherein each of the conductive bumps 156 is substantially inserted into the conductive paste 182 in
the corresponding recesses 120 of interposer substrate 110. As previously described in FIG. 7B, the
conductive paste 182 provides electrical and mechanical interconnection between the conductive
pads or terminals 122 or trace ends and the conductive bumps 156 even if some of the conductive

bumps 156 are inconsistent in height, i.e., their free ends are noncoplanar. The semiconductor

die 150 may then be bonded with the interposer substrate 110 as previously described in association
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substrate 110 mounted to semiconductor die 150 to form semiconductor

device assembly 160, wherein each of the conductive bumps 156 is

substantially inserted into the conductive paste 182 in the corresponding

recesses 120 of interposer substrate 110. As previously described in FIG.

7B, the conductive paste 182 provides electrical and mechanical

interconnection between the conductive pads or terminals 122 or trace
ds and the conductive bumps 156 even if some of the conductlve

with F{%% pé 186 St Tnubharstirivondighnated i Al Uil dRO menaspiagAuired if

the mad$\6f SERAGANAYEE 1@@1@5@153@& thenhedaandadositbstiheo mﬁfﬂ@sﬁgposmon of an
substrate 110 as previously described in association 18 with FIGS. 6

adhesiy §IEBEM Wt 198 Gridfetstdereak! AotddPaEE, ‘&1gf’ét@ﬁdifli%rét?r‘?ﬁyﬂi‘ﬁﬁt“lﬁ’éld“c“ve

paste '€y Uﬂ@ﬂeﬁtlﬂl@lﬂtﬁlsﬁl@f E@ﬂl@p@i@tﬁrp@ﬁ&%ﬁiﬂ@ sigpesed fndapirpdiididied prior
recesses 120 prior to disposition of an adhesive element 116 over first )
to atachpet O PEBITABRUGIRE I (il DAIFAERSESBAr LT CLhUTIREVS® %&‘f eé@?,tﬁp“’“de

an indefitiaetinaolierfonaydpsotispasachio rwemmaoeaﬁdéhﬁfbﬁaﬂewediamﬂo may be
f semiconductor d

. olidified prior to attach 0 to interposer .
tined ik S0 SRS A Gel bl FEr s 6 T A SR G e e refow
emplo}l’ete PSS B iasiaiargddyniternativgly ,cﬁﬁmmmuﬁmﬁ@rld@ciﬁﬁmm b&miconductor

ned lth interpqser substrate 110 after c |ve te 182
die 15 b B NG g BTEAD e D R Bfafn et
substrz&eSﬂnglﬁhéﬁﬂdUC@ﬁ/enlmipmeiS@ll@ﬁfﬁledhy avﬁemdﬁﬂﬂdwﬁéopadlerlwmnal 122 of a
d initial conﬁﬁt with a mass of conductive paste 182 disposed in a recess
conduqihiy i¢fel&Ctric substrate member 111 of interposer substrate 110 over
Cﬂ]ﬂdﬂ]:thAspﬁﬂmhée aaenaitihv22 0f i daotideibtive Hﬁﬁ%l%us[&ﬂ@ﬁl}e%&ﬂcooperation
furth ternative, a cond gé e bu 156 to b use 'ltg'(?

with or 161 Cél r% %con ﬁtlgF | nu gaggﬁ tsvlénﬁu Hci%r C A eglzaf be formed in each of
recessaem[mmdugﬁ(pllaﬂiﬁgkfﬁ@m;cbeefm{dsedtmlﬁﬂmhs aRredessemdi2fitleroughial such as

atln f t|ve Fﬁrm| als 12 Wlt acondut material
osurs e TR e T S SR AR o can
conduttbingracdbui24ine b;aa}eeﬁtéeti@hang kmhdemttmq&abelﬂgzw,ehndnywn in the art.

figFa gl ng. b jeenniques beind well known n e art Q0781 or he
epict smﬁilfecf SS-sectional Views of & Variant of"
above-dbavibete gdribed: thictl cmathothgantprisinghetiodirot mqthtmgohmﬁpmgngld bonding

lnterporfng?‘ount fl %niﬁ?qdlng Intergoger SUde llor’a.tO{% lCOg\equiIl%%OI’ (lle%OI' device
|p chip semiconductor device assemb y UenVariant

assemisliynifz(r. toStineh thindamethech@isrdesdribddri hé@GSd 88 dt&[‘)rltbé(brm\m@ 8A - 8D of
prov1dbnlﬁrjrc?(ync %\Peaéégtel E‘nee%c (g)tf t]}peergggsesgss ?501 %Qéeep)ﬁﬁg tC(t)I?lSu%%v L[')%%’[?S 156 are
initially unattached to the bond pads 158 of the semiconductor die 150. As depicted in FIG. 9A, the
conductive bumps 156 in the form of balls, such as metal balls, are embedded into the conductive
paste 182, which was previously spread into the recesses 120 of the interposer substrate 110. The
bond pads 158 in the semiconductor die 150 are aligned with the conductive bumps 156 in the
recesses 120 in the interposer substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B.
The conductive paste 182 may comprise a solder wettable to both bond pads 158 and conductive

pads or terminals 122 or a conductive or conductor-filled adhesive. It will also be understood and
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initially unattached to the bond pads 158 of the semiconductor die 150. As
depicted in FIG. 9A, the conductive bumps 156 in the form of balls, such
as metal balls, are embedded into the conductive paste 182, which was
previously spread into the recesses 120 of the interposer substrate 110.
The bond pads 158 in the semiconductor die 150 are aligned with the
conductive bumps 156 in the recesses 120 in the interposer substrate
110 and then mounted thereto, as depicted in FIGS. 9A - 9B. The

appreci A vegAS Y 4 RE S Oy RE Y S SP TRt IR 6 b O AG g Ider, and

condudb® pRdCBIMEIIVR dIiReis AEIEEMINGISIi2 20aiRiSONAUSIHAEE solder.
conductor-filled adhesive. It will also be understood and 19 appreciated
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comprise a compatible solder. [0077] As a further alternative and as
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termindB 6,20 Wwighusesh i dieit of Accancutiiveaumpikafeearried by
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DA oL B e i a0 23 WA oR Ol v - since the
condu&iabampssistatieptirkal QirShH radt Jaes well alpeesiateshds eneat 110 itself, the

. ordinary skill in the art that, since the conductive bumps 156 are bonded )
heizht i 1B ST T b ErbOSEP Sl i PO e The e el ducive
bumpsof 3G enfliptehiprsrmieniductardevicthass enmialyvEhloisanTiNprolipdssemblies without

) Therefore, conductive bumps 156 may be formed larger in size than

increay e 8 C N G AP TG LR RO TR AT G Bgdigsembly 160,
resultidghile@ deeréasinge the brighicall thel flipechimisemietnsiliciontteVileeformance of the
) assembly 160, resulting in the increase jn electrical and mechani

inerccg T Rt 8 ST BTy AL e B G 0 o Sgher. the
recessSUEIraietie hasmpotiee sesicontiLTtprodigel bl imhaidieralizanianesgest l28ent in a

conve i IteRoser subsigate. 110 provide an inherent slionment asRect 156 casiy
absentin a conventional Tlip chip'semiconductor device assembly

slide ibecause thgaoivduaiivespuriipg 1b&easilpOstidenntoctipedpeespetivent and proper
corresponding recesses 120 to.ensure praper alignment and er. .

atacht FRTERl RGP DR e BRESIG AN TE B s imerpose

substrgurfacashidlofstie toiehpoberpsubiBaia htGasswslllas e aondudiright controller

te 182 in the recesses 120 may,ac aPei q[tcontroll r for rﬁ' bl .
for 1o R A e TOBtOF ALt 3 hE TTARELF SRR L R te

adhesiwchetenreting 1 dhelbiretitenoadudihe grdiol 82emanductivelpasiiP2nsuay for any
B8 S9 SDBFLSEE R R 0T SEEHE i n
surfaces of the interposer substrate 110 and semiconductor die 150.

[0079] As shown in FIG. 10, a dielectric filler material 166 (commonly termed an
“underfill” material) may be optionally applied through opening 130. The method employed to apply
the dielectric filler material 166 preferably involves dispensing under pressure from dispenser
head 164, but may include any method known in the art, such as gravity and vacuum injecting. In
this manner, the dielectric filler material 166 may be applied into the opening 130, move as a flow

front through the multiple segments 132 (see FIG. 1) and into each of the recesses 120 to fill a space

around the conductive bumps 156, bond pads 158 and conductive pads or terminals 122. The
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surfaces of the interposer substrate 110 and semiconductor die 150.
[0079] As shown in FIG. 10, a dielectric filler material 166 (commonly
termed an "underfill"* material) may be optionally applied through opening
130. The method employed to apply the dielectric filler material 166
preferably involves dispensing under pressure from dispenser head 164,
but may include any method known in the art, such as gravity and vacuum
injecting. In this manner, the dielectric filler material 166 may be applied
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n@%ﬁi ar¥1é0 qglillsl,:ol lotgi lggn eé)tlggsbca?pd] Etl suc a”S 1?§§I‘tibeﬁps or any suitable

allsor any sui &Bndtictive mater|a1 prow ed
conduadreduaterelpacs/ 26 z&xpesemtiatmhe seord skipfaed dﬂtﬂe@kd@ﬁdlsuﬁfqneslen of the

LT R LY LD —"
dispentier dof ditfermie i lbfr sodderalid ffémhﬂafednatlon thereof, if formed of solder, is facﬂltated
by solder mask 118 (see FIG. 2) and apertures therethrough placed over locations of conductive
pads 126. Of course, conductive balls 162 may comprise other materials, such as conductive epoxies
or conductor-filled epoxies, and may comprise other shapes, such as bumps, columns and pillars.
Once the conductive balls 162 are formed on or attached to the interposer substrate 110 and the
dielectric filler material 166 has been provided (if desired or necessitated), the semiconductor
die 150 may then be either partially or fully encapsulated by an encapsulation apparatus 178 with a
dielectric encapsulation material 168 as depicted in FIG. 11. In the case of partially encapsulating

the semiconductor die 150, encapsulation material 168 may be dispensed by dispenser head 164

about the periphery of the semiconductor die 150 so that the back side or surface 154 of the die is left
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by solder mask 118 (see FIG. 2) and apertures therethrough placed over
locations of conductive pads 126. Of course, conductive balls 162 may
comprise other materials, such as conductive epoxies or conductor-filled
epoxies, and may comprise other shapes, such as bumps, columns and
pillars. Once the conductive balls 162 are formed on or attached to the
interposer substrate 110 and the dielectric filler material 166 has been
provided (if desired or necessitated), the semiconductor die 150 may then

exposqsle Bt cpeh fAAY Brarpeleipshatsa sy M dntdissinGudiraasplatinn yiegial 168
may byviiidadeieigciipeareapspiltioninatadsl bpSias peniaring flesfdlmbldig, or any

.. case of partially encapsulating the semiconductor die 150, encapsulation
suitablg methad KBWHAD B8 s g ReBtimBy i 8piRger RahsreRancipstiafinn material 168 be
applie@&f iﬂbﬁﬁ)tl{)giﬂé%lsﬁil Hiee ﬂ@@%ﬁ@&?%ﬂ@dﬁ?@@dﬂﬁ@ﬁﬁl ySh&’f@ﬁ@pplying at

54 of the die is left 21 exposed. In the case of fully encapsulating the
the wa %ﬁﬁ%ﬁnM&P’&u’é%’@%Hﬁ&b‘&ﬂéﬁ’SHSm%?&‘?étll‘i %ﬁ‘féliﬁl?@tb%wg&e&ﬂymg about
the petppensing iBPiReagating)@bobdieapmanpetdaoldingciiansfefumoleiogpiating the
._any suitable method known in the art. It is currently preferred that such
Semlcoélrﬁ%gﬁg dtioh material 168 be applied to the back side or surface 154 of
tpeose midaiauctarsdiel e Wipckhip ayifichidie appliing abstammaisgoenakhed to
as by .spin-coating) prior to dispensing additional encapsulation materi .
anothe] G AR ey O eSS HEHE TR PTG e, cartier
substrdtdly7encapsigatingiieaseopisandutios tie 1b0.{0U8A}¢Goddralstface 174, upper

depicts flip chip semiconductor deyice assembly 160 attached to. another .
surface T bear b SURNERV e aniR TR R A RRed o s BHRaPSP S AVAE I rgpaducive
balls 16arsiethesidostidtarix@ ind utiscepstdostitaieatspple). Surfacike thé2lgntlip semiconductor
devi substr efgésver subrface 74, ur?cger S rfe%ce 72 bearitn substrate bstrate 170 b
VI ERINAP pads 1?6 arrangea'to &P&%S%&%a o SELS W CORdT v rate y
reflowballehd 62ndndie: Secidnd bulttabe? kb 4hefdimberipeserailasiade 170. Aslzlehric filler
chip semiconductor device mbly. 1 mechanica

materigiI fIItpsh \%&@ known 1n the art ma tﬁlesr? gg t?g. éle?%engv%/erkl) ﬁ’&wﬁ?g%ﬁ% sell%conductor

nd eleehicaty connedied 8 carter 'Sup y te
deviceconahictyves(sold e} balted6dbdoadid BubstsateriepmingipadsileiBie Mterconnections,
di 'eCt”%)é‘ﬂ?'i 6'}13%3“%' {not shown) as known in the art may then be

€ Cogplpl) e weer the |6’ gf%%n'semiconductor device assembly 160 and the

CE083] suBKTrate depicton dtpuriig senddoraigctindetiiecintecadrinesfianduding a heat
oSS 8 sheber SIS 4 SR R TORR 112
the intd&@0sdrhatzeatcdridiisied eleinethe k80aviay denpnavidedmovehdne finstasthifackermally
conduéllil'vze (I%Iaterial. The heat transfer element 180 may also be provided on the active surface 152
of the semiconductor die 150 to abut the first surface 112 of the interposer substrate 110. Another
option is to provide the heat transfer element 180 on the back side or surface 154 of the
semiconductor die 150 as shown in broken lines. Such heat transfer element 180 is configured and
located to thermally conduct heat generated from the electrical components of the semiconductor
die 150 and to remove such heat from the flip chip semiconductor device assembly 160 and to reduce
the incidence of thermal fatigue in the interconnections and circuitry of the semiconductor device

assembly 160 and, specifically, the semiconductor die 150 as well as to reduce operating

temperatures.
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the interposer substrate 110 and under the adhesive element 116 (not
shown) as a thin, thermally conductive material. The heat transfer
element 180 may also be provided on the active surface 152 of the
semiconductor die 150 to abut the first surface 112 of the interposer
substrate 110. Another option is to provide the heat transfer element 180
on the back side or surface 154 of the semiconductor die 150 as shown in
broken lines. Such heat transfer element 180 is configured and located to

Ry T erab AR lp o HRrH B BRY i res RAPS PR BBHAH e efge material,
such &eoyspRduedosildie, 15@ ang talkemoevie,sueh heatfran e dir®ehiPmaterial that is

semiconductor device assembly 160 and tg reduce the incidence of )
nonelegieeally qandneliv shehind CuR facmansrgicriahainy Sramrd camesritidgppsited as a

thin fie¥icgya@ssembly 160 and, specifically, the semiconductor die 150 as well
as to reduce operating temperatures. 22 [0084] The heat transfer element

189%8hy BdFormetfRirSing thermially doNdbkvehead rarbaligleds Yoppdpierposer

substra8d Bilvevidpud BaaRise:coropfiseraithermallyecondusibodimaieialithddriso the first
nonelectrically conductive, such as a thin diamond material and/or

embod e ERANESHPBSRE BEPEE TSNS BOHIN {5y YAV 8t (R oRasp R REPpgiment includes

multiptiegietsnad op(liaduds vidtasergads mizadiment Af ianhtespasesdiment, interposer
substrate 610 haying a center recess configuration, The secon )

substrat o SoisBIERs % HﬁTéPcha‘fﬁ frn S hissg éHf?ﬁ??r?&ét P&iﬁ&&ﬁ?‘é%&'ﬁ“rf“e 612

includébeniitgseasesssesair:felh Hidbeasesmncr emvhoginsiveisiRiudas aneltiple

openings through dielectric layer 611 (FIG. 14). As in the firs
eﬁﬁ i % Ve‘rEibJ;é? i%%&r%f&%i%‘ﬁ’?&ﬁ}d&“ésf {UGPRRE éﬁs&ﬁ'& §10 taken

along &spenilskitaca b, mhateis thellirst Sufacefd2ihinal utigsempstipigs 630 formed in
herein and bears or more adhesive e

recesses 620 one elements 616.
the solGSERTRAIS AE A QR SHULE S BT AT L RRLFIBGP A cach of the
openingylssSaiecndh gakaroalepgresgective sectioniprescidbansRdSHack pedidg 630 and
ig trating the multiple openings 630 formed in the solder f\sk 618 .
recess Qa0 C XL @ R S R b SR U ATV £ BRtioRdpcgye pad or
terminth &20penin@ad 30 exiengingateaccariespaiding pe détheemultipleductive pad or

termmr%(?e%%ses 62ﬁﬁ§%ach 0 655}19 630 d’;\nd recess 620 e>%ends to a conductiv

mieRt SUER'SE S dBRG0CHVE T ACE S 52 B EBITGLRIVE PAE b ek vhRale 630 and

recess 62Q. Wit lpatieubtrndor e passagespa32AGereflising aapsl hetwaemgper portion of each
. copngductive pad or termiInaI 22 or c&t&du ive frace 624 OYidéng .
opening { to a.boltom BO]{UOH of each recess e mg:r]?oser sutg% 1. The conductive
mmunication between each opening an ecess . In particular,
traces t2d on@ondutiive passagesibhidR HRyaexteonad fndiiGan Lppeugporntiohantieacind across
an upper portion of each opening 630 and a lower portion of each recess 620, of which each
conductive trace 624 may extend to another portion of the interposer substrate 610 to conductive
pads 626 for electrical interconnection on second surface 614 of interposer substrate 610. Such
conductive pads 626 may be located substantially directly below conductive pads or terminals 622 or
routed laterally across interposer substrate 610 to various predetermined locations by the conductive
traces 624. Solder mask 618 also includes apertures therethrough at the locations of conductive

pads 626 on which discrete conductive elements in the form of solder balls may be formed for

external electrical connection of interposer substrate 610.
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opening 630 to a bottom portion of each recess 620 in the interposer
substrate 610. The conductive traces 624 or conductive pads or terminals
622 as shown in FIG. 13 are suspended and extend across an upper
portion of each opening 630 and a lower portion of each recess 620, of
which each conductive trace 624 may extend to another portion of the
interposer substrate 610 to conductive pads 626 for electrical
interconnection on second surface 614 of interposer substrate 610. Such

I0REL iR Gatdspis iy ierpestEa ReiEte Aol s sacenrisaBggiment mounted and

bonde € QNWIHGHNS RAGEPAICEHFVMAG 2D flu el 1R e63 U AGHOSE VB IRIRRSEIS2 thereof to
substrate 610 to various predetermined locations by the conductive

providga (HR YR SYBIERIMHAK BT AR RIIGES - aPrtEYEN tEtBRHBISG H-db frgnductive

bumpd 668N RhseNBUCHNE o PiRels: & SPianwebis b i gleia siomdbetiMerpleBaemStrate 610
in the form of solder balls may be formed for external electrical

s0 thal g REBHEANG e G Sal SIS P &0 S92 [t T] IHits. A6 disgicriie conductive

bumpsiBEy pR$eLcELSH D GAOrefdhessr0end ohedineri ineyn s aloetridamdeshnected
to a semiconductor die 650 having conductive humps 656 on an active

0 the VBB ST D BUrE A B LR LD oY G AEEmplyer pase

or oth@6fbrsvpiestadscambadisints e aendpativgs BRMESES Scasadsiangdichent each
in a mirror imag)e of the rce?ﬁiss configuratjon in the interposer. substrate

havingg 6 B ATt dSSHAIC htuliBy B KGN aRISFID e Sibitile i0%8Fe O more
passagattagheallowitiidherdofidiecitvaetialmes 63t o siposdaoiracd eddher the recesses 620

recesses 620 the. conductive bumps 656 electrically connecte e

from (AR TRE D3O DI e Bl RS A AS S QR Bp . Dropenser

head 160metyGiive dalddicpagie fileothesrndne6liddeo pehiyaireentoaigiah gV hibe extruded
penings .of the second embodiment each havin e or more

throug R B e B S L SR T e o more
P98 e 263 2naliwy fitel eetnicotiilee matdrakdiaf dadievwthéketitoughtirtoflip chip
each of the recess from a dispenser,.head 164 itioned

semiconductor éewce §sem%ﬁy6g of l[tnsecong em%gdé?ﬁmﬂilgﬁﬂ%% e e1ther, ng\ﬁerrTl]caaysulated

proximate anoa aclng‘each O e opening enser head

or parifli@ducepdidhesnirty filenpalaital Afftandel 18 edste intioappaningsH3trial 168 as
. be extr through passa 632 into recesses 620 adjacent .

cepit g ke BT NI DB (R 0. cncpsutaion
materisehOR angustati giene&0tn dispéhpechigndsemicbndubtopaplies asskendaiyiconductor
die 65 %%.?%&P%%e&a%ﬁlds‘fc@ %%ds'{fr‘ e Py cg?eiﬂeb(%eelfh%f{lf?" R/@%‘ﬁfp%'%gdca% of fully

partially encapsulated by encapsulation apparatus ith an
encapsahtapsbtadiencnateribitibaSrasrdé petechmnbe Kppliad o tebadsaidf partifdhe 654 of

encapsulati miconductor die %50 capsylation material 168 .
e 0 B Lo P BCo Bl o sl
materigehicaductdre periphery of the semiconductor die 650 in order to facilitate fully
encapsulating the semiconductor die 650.

[0089] FIG. 17 also depicts semiconductor device assembly 660 attached to another
substrate 170, such as a printed circuit board or motherboard. The substrate 170 includes a substrate
upper surface 172 and a substrate lower surface 174 with substrate terminal pads 176 made to
correspond and attach with conductive balls 662, such as solder balls, on the second surface 614 of
interposer substrate 610. Conductive balls 662, if solder, may be formed by placement of solder

paste on conductive pads 626 followed by reflow, preformed and secured to conductive pads 626,
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die 650 so that the back side or surface 654 of the die is left exposed. In
the case of fully encapsulating the die, encapsulation material 168 may
be applied to the back side or surface 654 of the semiconductor die 650
(which may include at the wafer level) prior to dispensing encapsulation
material 168 about the periphery of the semiconductor die 650 in order to
facilitate fully encapsulating the semiconductor die 650. [0089] FIG. 17
also depicts semiconductor device assembly 660 attached to another

applicd i uibstet 1munehPadsd Mintedaredic Bosia gt ithsh oty ciile semiconductor

deviceSidb&HBIECbOGHRE Ibidesn B SIBE e a PR tSURFAER th 2 IRNG RGBS 662 to the
lower surface 174 with substrate terminal pads 176 made to correspond

substrag (PrpAahARith! (Bn AU AL 862 SHEh B Sy BN BhPPRKween the

semicddiiaee Gkdied iRtRrIBISAIcOU LT alig: 6dbsanduotiver baltsH62, dhsojdetkcting the

) may be formed by placement of solder paste on conductive pads 626
IntercquieRRR o ref ?ﬁ?@?o??ﬁéc?%d‘o’%%%&% conductive pads 626, 24

ajoobeyl trRehEr@pitey mupadipads v 66 HiRlbeBYES @R KNeWdH & abstrate 710

. As such, the semiconductor. device assembly 660 may be bondedto . . .
having 50t st B FIE BRI HHS 48 1 b L Epagament i sl
to the fiesreinBd Piads l 5coptdielpetrisofitiennatesial (rotishaikndmbayithen des not include

. applied hetween the semiconductor device assemhly 660 and the .
openir g A G st ) bl SrOC Bie L ioPed AR hgtrate 710 First
surfac€0n2lwatives halts @62 pth eidsiveasmé0] & iGerdSndepicima tapfplan14 carries a

view of a third embodiment of an interposer substrate 710 . having a center, .
pluralifg ol O SRR G Tdiigbal SOBUTALS PR OF (SEME 122 and Conductive
traces @pAbwdichembis similaysde dled fiisicavibadindetyexedpt7de intéop@adon of discrete

d stubst ate 7t10 of the third embodiment does %ot inclyﬂg ogetnin%s. v Sold
conduchine SIRRSNE ResQR Q758G U IS HA SRS AS BrINRerdSEH Slsstate Solder
mask 7B HHFs1 93 uifgde: éiplogedas dne e atenadbfasisselcrd@ntsvéliGs the bottom of

on. Secand surface 714 carries luraljity of conductive elements. in
channq A S P s b TR B BT e end
the wayhtblonghy diaeetassagiated thefEwith 8ondudtipviet padaatidel fodGofonationin a first

of discret conducgve I nts ther r.con P%tgi interposer . .
stuog RS SURSTAL Ny S ISk £ (. T ey views of
interp@nrpldypedttc/ damkitreabotgompeofirecesses1iied Hsave 2@ iFEbodtchhafhannel 740

channel 740. Alternatjvely, channel 740 e of lesser depth than )
e, R 4 AT e Mpap s 720 and i
confighi€d$o &8tendd aepicdiaattyarioed stdOdo nmechimeachisst Bl faabal E2cbfrecess 720 may

directlg;é%; Sn%%nelrcg ebv%I{}?{ﬁe?c%gm\{gp%%!nAFﬂ)oG 10r:1l' gf%glé‘irgtgrggégircgu%rs?fsa%ésﬁ?}ilg)er%\?‘vleen each
recess 720 comprises alignment fingers 742, which are defined by forming the recesses 720 and the
channel 740 therealong in interposer substrate 710. Such alignment fingers 742 provide an
alignment characteristic so that the conductive bumps may be positioned and aligned with the
conductive pads or terminals 722 when being disposed in the recesses 720.

[0091] As depicted in FIG. 21, a semiconductor die 750 may be mounted and bonded to
interposer substrate 710 so that the active surface 752 of the semiconductor die 750 abuts with the
first surface 712 of the interposer substrate 710 and the conductive bumps 756 are disposed in the

recesses 720 to form a semiconductor assembly 760, as described in the previous embodiments.
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interposer substrate 710 taken along respective section lines 19 and 20 in
FIG. 18. The channel 740 may, but is not limited to, extend to a depth
substantially the same as the recesses 720 and is configured to extend
longitudinally alongside the row of recesses 720 so that each recess 720
may directly communicate with the channel 740. A portion of the
interposer substrate 710 between each recess 720 comprises alignment

fingers 742, which are defined by forming the recesses 720 and the )
HITAL 7957 ReRsamS g R BRaRS LA s AP D CBERHE GhheRce periphery of

the sefiN@ARICE2 REGHBE B0 aHFHURE R IEDIRBEISISIGigerthatdhg ¢OPEMGENE introduced.
s may be paositioned and aligned with the conductiveé)ads or

Such d?@i?ﬁ%ﬁ@“ﬁ‘é?%ﬁéﬂ beRB iR OB HHE Fe ALOSBE T dBdRfoxNNate the channel

openin@episiachéfefn Gekdirkt SRBHERRGUCIOEIY HIGwavE Mepatechand depdettuctive
to_interposer substrate 710 so that the active surface 752 of the

bumps i dB R ISF RS 7 58 ab it e SriBR S PR S P LY ﬂ}fg}}n{g?pf)%irc onductor
assemSlylIE0ate M 2éhand thei conducivaiumpse 7 dhiake disppsesdte tihige dielectric filler

r ses_ 720 to form a_semiconductor assembly 760 described in the
matenﬁxﬁi@ o[?sflaT BdfreRts 74k [ %@5}%@?“‘2§E‘§ TRILTN %Ort}d?}ﬂ%'galso be
enhan@d<hannelopansiguddbahasidedqesiphie/bé dhe senieonsicton the recesses 720.

assemhly 760, through which_dielectric filler materjal 166 be )
Furthe i AL G OB HTE FOAEATit TR TS B e sbqnductive pad
or terntligpansendiaaciHddpioxithateotbenehanoebhapenigigwiidh whersibe expelled by the

dielectric filler material 166 may flow and fill in spaces around the . .
flow (50 L 8 TR BT TR LB S50 FAE SR B dRtnps, plied. As in the
previogfyphbydihsiii, thensemitenduitor S@ssanbelyulo QR vapzaated, ieniidalgaraal side or

apy angle which may promote the dielegtric filler terial 166 to fill the .
surfac Y o B i S AP PO A ) s Balated with
dispensittaadddhyadeptueimnoFISUARoN means to optimize the time it takes to

fill i e esg 720. . Further, if conductiv or termjnals 722 cqver

B o e S UL 0 S g s syt 170,
such ahexponicediviiit ddhole dhetiethedoghithDiugbuhiate arorayllbexpeitddate upper

" b¥7t£1e élow rct)ntt Flofdiele%:triclfj;!{er n?lat rial %66 or.tolwh'clgfi\ vac utm d
SUACEHy BE dpi |é(§?&soiﬁetlhsélr6F(§V|ouévgm%105ﬁ%§ﬁ%fn§réarn AR AU RIBANLCASgrespon
and attavhywieh tdhdendapsulaE?, ncluding ldackasidenrhssetand ibfowitihd of interposer

encapsulation apparatus.178 and dispenser_head 164 ar partiall

st S < e RO S B ARIBh s 5 et 170 o

reflowkigxh2 Soalde: thepicids SEdioondudiarasseminhy F6B AGcAdi1to mnetidnot shown)

may th%H gtgat%%;‘%’m?eu% haessearrg%p ¢ 1(1:I tc(;gcé\llsjslter%%%/rq&rawﬁWeesm%%ﬁrggé lTﬁ)efor securing and
substrate INCludes a substrate upper

protecting the interconnections, i.e., conductive balls 762, therebetween.

[0094] As depicted in FIGS. 24A and 24B, the interposer substrate 110 of the present
invention may also be formed initially on a wafer scale corresponding to a semiconductor wafer
carrying a plurality of unsingulated semiconductor dice 150 and then singulated or separated after
assembly by a dicing process into the individual flip chip semiconductor device assemblies 160. As
used herein, the term “wafer” is not limited to conventional substantially circular semiconductor

wafers but extends to any large-scale substrate including a layer of semiconductor material of

sufficient size for formation of multiple dice thereon and encompasses portions of such large-scale
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surface 172 and a substrate lower surface 174 with substrate terminal
pads 176 made to correspond and attach with conductive balls 762, such
as solder balls, on the second surface 714 of interposer substrate 710. As
such, the semiconductor assembly 760 may be bonded to substrate 170
by reflowing the conductive balls 762 to the substrate terminal pads 176.
A filler material (not shown) may then be applied between the
semiconductor assembly 760 and the substrate 170 for securing and

substraffs REARRHE HRIFCETRISERONLCT dlicgon Ju e iafis 76 Atardbiied timplified

cross-{@ARMhAsSepiatadniR dndadioPdifans RABnthevatarpasahsuiisiadebt & 10 prior
the present |nvent|on m él%‘ﬁalso he formed initially on a wafer scale

to mug ORI L Shmid oS T ARG W sy includes multiple

semicdHasiigtdate d SEmiconadctodines 1oshantt thensoguiatesdak sepaiatadoken lines,
after assembly by @SICII’] process into the indivi ‘H'gal fli

hi .
whereigdhG B 653: MG B AS sl ?%?r%gt‘f::%“lfi?ﬂﬁ“%‘é‘fé}“fm 252

and eatth rgahlkmﬂe@bter canyentignad subsiantiplybaiigslassemicontyetaionadieised by the
large-scale substrate including a layer of

ends to
bond p§§ﬁ‘§§§rﬁ)&’u‘8{5ﬁﬁn}g‘%ﬁ § B¥8etficient size for formation of multiple dice
tpeoesn anikenegropassesparioosnofigidch fakgenseale? Rhasuhstaifs surface 214

it S AU b T LA I 50 TR Besees ro

shown)vigticsical &W@%ﬂr&d@ﬁ[&t%ﬂa@eﬁé@ést@ﬂﬁﬂﬂﬂécﬁﬁﬂhﬁ estpdoeredstrate 210
The semiconductor wafer 250 collectlve incl multl ! .
are madg (o CONERART H subSE A oﬁ%ﬁgrdﬁt? S @l& t}'é%‘l% fbfr%“i‘:%’f’d]e?% cach of the
semicabld@sr shiaves inhiekemitoaducwhetdin 256. demhisanauetiahyiatenHdad substrate 210
ack side (()1 surfaaaeegrz 4 and an active urfac

2
mey bR A B e R A SBB T CoMIB abece 212
of the dlietptadrbytihentddhtlspanis ﬂﬁ&:@’{ﬁll\ﬁthlﬁbﬁ‘n@s a fﬂfﬂi@ﬁhnﬁﬁl%ﬂ]ldfhavafer 250 are

1nserte§] ter OS r S btgtrt?‘a 21‘:Iécc)ellr\]/géJ @ res tII?l'ﬂ[ aﬁ% Z%ESCanEIng ECO S realnterposer
mu iple Tetesses D PMEY T AR FiFst Sirrace
substra:npemihgs R30 haviagrpastagesifitdy Zb)wir )dgricted in H?Ié}smndmerfmm scale

assemle &/%&;he ?g 8628120 fizr EF dn. ghce Dtefg (t:"h[(?1 %bs&rat%%} 9 e se 1conductor

corresp i Supst A mirror |mag ump con gura
wafer 2fDeaeh diding memﬂmeosuhlchsradwmf@%voﬂﬂ@eﬂsémmomiummlm&afgum flip chip

In thi nner the ter ubs te 210 may be attached t
s e AT St ek ToRCE o E e B ATy e e
separaﬁ:ﬂﬁnmfpheenmdmuseQ$0b£ﬂﬂﬁerﬂiﬁxtsm‘tbm¢hemnubdahve:dwmps 256 on

ﬁ@gﬁ%{“‘cﬁf“ducﬁo piafelgS 35 5e%e%%E59039d SHBRfANHALY TRSENEhn with
ithin the multlp € recesses forme | ein oser

FIGS. 6A - 6B, 7A - 7B, 8A - 8D, 9A - 9B, the conductive bumps 256 may be bonded to the
conductive pads or terminals in the recesses 220 to, therefore, mechanically bond and electrically
connect the semiconductor wafer 250 to the wafer scale interposer substrate 210. In addition,
dielectric filler material 166 may be applied through the openings 230 and conductive balls 262 may
be provided on the bond posts on the second surface 214 of the interposer substrate 210, either prior
to dicing the wafer scale assembly 260, or subsequent thereto.

[0097] FIG. 25 depicts a top plan view of an interposer substrate 310 having an alternative

recess configuration made for corresponding to a substantially “mirror image” bond pad
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substrate 210 to form a wafer scale assembly 260, as depicted in FIG.

24B. The wafer scale assembly 260 may then be singulated or "diced"

along the borders 253 of the semiconductor wafer 250 via a dicing

member such as a wafer saw 280 to form individual, singulated flip chip

semiconductor device assemblies that each include one or more

semiconductor dice 251 having the separated interposer substrate 210 of

_ the present invention mounted thereon. [0096] Also at the wafer level and .

configuratinn \fB (A AGELE IR oA StV Bt & BAticghr7R thigdighalterative,

there 184 19 ap8Bhdhe mENdueiive.BuMRG 2866 mayhebarsed o shefoemeduetiMe upper
ads or terminals in the recesses 220 to, therefore, mechanically hong

d .
S“rfaceg\?’]@e?éc‘t?f&&?@feéoﬁ‘mét&%élgem%c?ﬁﬁ (B Esd i THe iidr Skfe adhesive

elemerfiSNEAEEH SO S altherlddd b fade iy, otietegtric diberwsaiehio dB.ahaayben another
applied through the openings 230 and conpluctive balls 262 may

. e
alternghins: THet brPIHEWEHA T O4ts BT i RO SURSES 214 BF TRt piEdp around a

periphStibsisaier2 1Sy ithiesrpaidre e dipigths Watkscater aspeiniblyi?60oDan interposer
subsequent thereto, [0097] FIG. 25 depicts a top.plan view of an

st et S0 YOt A err e TLBEe ABHFEUER ol g 10 and

recesséor20MaapeNtigato @ aubsiantialy msiosienage inbapdspacibditate 410. As in the
configuration on the agtive surface of a S(?E?ﬁicon.ductor die. In p%gticular i

PrevIOKHeCte s RSN St B PA Y. SHE B B QM BANRERRSSHiSH W& i 1s made

to corriptiiplevrecessasaddtligrenfororechpesvihivl pppeonsigifiaceB3d of active surface of a
) inatﬁr oser substrate 310 that are aligned in the shape of an "I" with

SemICOREVE elements 316 disposed on either side of the body of the "I" and

benesen thependsiiedeafriteawnbhespaliesiiativea ke cesscconfigurationidhgoth the

recesses may be formed in an inferposer s rate aroynd a perjpher
o G e B B R e R BEoot, 55 Pyt Bfne o more
openingi@iposeiicsulisiicaiactits evithbanaachgsive etkmintubhovhich denteepesticformed
with ggsigltgsrpg§§lrcilsﬁjbt trat 41(% and pesesses 420 fo(;&ned erebabout e%qd .
PBroiimate a periphery of Interposer substrate 410, °As i the” previous Mo e
bumperksesscoodiigurations, tieei perjpheryubaess, chefiguiatiolenmimteiposay be applied
througEu[BES: t(l;age iﬁlo Iﬁ ma%gae etsotg {ltiet (%cheglg/ Itsha%(P UR)%E%P H1ae”¥0 mlllrrgxl;el 1? SS disposed
ond pPaH c%r?ﬁgd’ratl onan active surface of @ semiconductor die.
thereif0098] As previously described with respect to the center row recess
cqoniiguration, both the I-shaped andlthe iphery canfiguratio . .
R e S S AR B RS ARGy o0 metuaing
semicauidace dit theimiarpeddicsuhstrateanppespogetisabihroeid hOiihveigthperipheral recess

configlrl?z(ft?osns easngr%rflo%qeeerglative method of applying dielectric filler material 166 to the

semiconductor assembly 460. In particular, dielectric filler material 166 may be applied by dispenser
head 164 around the periphery of the semiconductor die 450 so that the dielectric filler material 166
flows under the semiconductor die 450 and around the conductive bumps 456 adjacent the die
periphery. As such, the dielectric filler material 166 is only needed proximate the conductive
bumps 456 and not under the entire die as done conventionally. The semiconductor die 450 may be
left exposed or encapsulated by encapsulation apparatus 178, which may provide encapsulation
material 168 to the semiconductor assembly 460 via dispensing, spin-coating, glob-topping,

depositing, transfer molding, or any other suitable method known in the art. It is preferred that such
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with passages extending therefrom to each of the recesses. As such,
subsequent to mounting a bumped semiconductor die to the interposer
substrate, dielectric filler material may be applied through the opening
and passages to fill the recesses and protect the conductive bumps
disposed therein. [0099] FIG. 27 depicts a cross-sectional view of a
semiconductor assembly 460 including a semiconductor die 450 mounted
face down to an interposer substrate 410 having a peripheral recess

encapsultUPAL St hHeP & ARt hRBehth I appRin G dieldtrignpifgpductor die 450 at

the wafeﬂwéa&ﬂlﬁ%mdhﬁspeﬁmg@tw&tete&tﬁs$ﬂmbha&ﬁet 1ocdicuhaipalipiRe}ic facilitate
filler material] 166 mayhe applied by dispenser head 164 around the

fully epeanshiaHpe fhif seoairardRd O s ﬁ? ‘450 so that the dielectric filler material

1@o10owsuder thersemisanavstemdirl#athand arpranstieeangidcidtticonductor
bumps 456 adjacent the die_ periphery. As such, the dielectric filler

die 4535 samplstidng iy ilsd dadtisr SRR tRBPE BRI BUpeoREEC UG hitspps 456

dlsposetmdetﬁbe&mﬁn@@&q)aa&mmgsmweﬁﬁeﬂa{mdibessenwom@tugtaor die 450ever, this

be I fte or enca Iate by en lati tus 178,
e A IS S ABRLn RO TRB. i B EA U dp” sscmbling
and boaaﬁ@mmtséﬁféwa@memm tspﬁt-ﬁaeltp@gelgd@bst@&pmg depositing,

transfe Iding, or ther suitable method know is .
p@ﬂ’ﬂé%ﬁﬂ%ﬂa‘?@% i%%b%% fgﬁi’é‘egtféggp% éﬁ l’t‘r?es‘iiﬁtﬁ?ndwor
deviceSiﬁBérﬁbl?Ull’GﬁQﬁ ﬁﬁlb@fs&h&ﬁ%ﬁtﬁﬁﬂ@ wedahdietd aQiatuthieouraleTdeuelhars previously
. ior to dis ensm e.dielectric filler mater about the per
discus ARSI BHTeb e A RO EE R B a1 SSBPIST B0 EL st e circu
board Hmhi&aitﬁafaaﬂveaqﬁﬂme@hmaeme isSTaretactechbthauthese midoadupio ﬂediee 574 and
450 js ass and bonded to_the inter rate 410.with
an g e Do 4B B SerTth S ortCAVE Bt o 4 hek or any other
compnﬂﬁﬁﬁﬁlﬂl&ﬁatﬁbﬂ@& @hpuBi2ac98 mQﬂjehOMI@Mﬁ)’r iistaltermadtige dlﬁaijte suchasa
also em the metho s.described in FIG and 7A 7B

disk drive, or F 3/ her (ﬁ)%Bn dffr%w ﬁrhe rOCESSO \(/jll Z‘Egg {I(l)a%he in ut 18 not limited to, a

asgempling - an §'tfie semPEBHATICLST erposer
microﬁﬂbﬂf@iEoﬂl@ D610 1daAs iliuktdiedhmrdleck diagpasacksing mcdn@mmglﬁst(ﬁlctions

Addttlonél s g ?orn}l%%gdu%ttgg (sjgéet\?%(%%@(? S’ser@fﬂl}{ 1%9 O%Iy[’l te gsseeo Yr?ar}tlcsjpﬂl in the
S'duNtedto’a circuit hoar such as prev usly disctissed can
art. substrate 170, in a computer system 500 In the computer system 500, the

B%Li(tluilogsr% ?1? IE%SI %IEEH)%%‘G% tlcr)n n 1?180&19 Ie)\r/elcgnts 17 %&Eb%%d_ﬁﬁ depicted in
Icates wi nput aevic and anou put evice

FIG. 2inmti dewipestr’ dubsayitbd EOkeylpdar¢ronaiesehjoysticlmaivatiyeotiaees 124 laminated
thereto, the bottoms thereof being fully covered or, optionally, uncovered by solder mask 118, and a
conductive bump 156a formed by reflow (if solder) or curing (if an epoxy) of a mass of conductive
paste 182 at the bottom of each recess 120. A dielectric filler material 166 is then disposed over
conductive bumps 156a in each recess 120 as shown. A semiconductor die 150 carrying a like
plurality of conductive bumps 156b arranged for superimposed contact with conductive bumps 156a
when semiconductor die 150 is aligned with interposer substrate 110 is then aligned over interposer

substrate 110 and vertically pressed thereagainst as depicted by arrow M, the semiconductor die 150

placement motion squeezing the nondielectric filler material laterally outward so that conductive

29



computer input device. The output device 576 may be a monitor, printer or
storage device, such as a disk drive, or any other output device. The
processor device 572 may be, but is not limited to, a microprocessor or a
circuit card including hardware for processing computer instructions.
Additional structure for the computer system 500 is readily apparent to
those of ordinary skill in the art. [00102] As a further approach to
implementing the present invention, and as depicted in FIG. 29, an
bumps| %F%@?b@ﬁ%@@ﬂf@ﬁ&?’ﬂ&%‘&ﬁ&@&%a@%%ﬁﬂﬁ@ﬁ% g B gshown, be

used, damiRasedniieeta dbarbettoms thereof being fully covered or, optionally,
uncovered by solder mask 118, and a_conductive bump 156a formed b

B AR e S H e T iy SYTR,

using dtlhgrRailoimeiteash secessd gRhvAldigleatipdilesupataréadol®e iFrbane instead of
disposed over .conductive bumps 156a in each recess 120 as shown.

) ! A
using & SHRABHRINGH e Fa RaH\Ing 2ONRE BIERN il oF SEHG AR B §rPkgp lines in
FIG. 2aniaRgediiopsepens pesasbsaniasinitn condectivenbtisans ¢5@ciebumps 156a

semijconductor die 150 js aligned with interposer substrate 110 js then
thereon pafl BHARATHE 6é%ﬁthéﬁﬁgﬂfé)[%c\{§‘itﬁr§hed 8&?69@%3‘%%‘%‘?&&‘&’1 PERSiRQy: When

the serdis clRpiatadiay 80raw Micthessanitsomnd ucivirdig<ksel tplatast esidiati@bumps 156a
squeezing the nondielectric filler material laterally outward so that
and 15 R S KD EAACAN BB LR & A CP A SRR gt een.
Suitabiaidasirelelendniasilduvatheasrshownd b sasdtinsrofiiay e ehniked lasnical Co.,
Lid Sdes”effﬁiﬁgmagf]‘ In T]féariation of the approach of FIG. 29, it is also
td. SEBNE. 18 A&t |]é'ﬂflc?f"dgﬁ1aél‘dielectric filler material 166 and to
pi@id¢] amhnierpede bsuppiraie terdie: alipekipsdnsteaduofoti8ingraassembly of the
separate adhesjve element 116 ?nonco ductive film NCF, as shown in
S

presenp ARER e iR 7. 26 EY bie ARABDIAT5Er thisrPlisFd fisShdfe Pipparison to
conve@itenfoimaidohiconduatvdibussaablize @ nthlesens diatljordndovadagsn biyerposers.

with a semiconductor die 150 carrying copductive humps 156b. When _the .
For exd N hATchoR el 80 I bAoA LA 210 S SIRCLE o haim ek
dielecteenokrativeahd eijpsiddbbg aancbdd 6 jwiltpdneaindie dlve Inpnadjadeattue stimdaductor

die, ejbate Mt e'ecgécil' ot th?}e%ﬁ%wc?e”'riS““ab"%a”Q” ORAUG VS ween the
» HithsThclute HEUFBTL ahd UFs2 7 filfns oﬂ%lped“% Hitalahi Mical Co.,
semicdriducSedikcoddheioteater albivisiomctapadisfoet @dhdiatise ilewilbixe or conductive
bumpsagip t?'lr%egltetrr]r%g t(@% g{%ﬁgﬁ%aﬁ%@&%ﬁjﬁ: &to; %gl\(}gg \%Ic'tﬁlenmtgy aggé[ps%s %rfet?l%n(}ielectric
Invention provides a compact, robust package at a reduced costin
membeorgafisamyovertical standoff provided by the tape. Electrical connection reliability is
improved, since the conductive bumps are in contact with the terminals at the recess bottoms, either
directly or through an interposed conductive material within the recesses, eliminating the need for
conductive vias and an electrical connection between a first conductive layer adjacent the
semiconductor die contacted by a conductive bump and a via and another electrical connection
between the via and a second conductive layer on the opposite side of the interposer substrate.
Moreover, due to the straightforward design, even large semiconductor dice carrying a large number
of conductive bumps may be rerouted for external connection using the present invention as all

rerouting is carried out on the side of the interposer substrate facing away from the semiconductor

die.
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conventional bumped semiconductor die assemblies employing dual
conductive layer interposers. For example, a package height reduction of
about 90 pm may be effected using a 100 pm thick dielectric member and
eliminating a second 12 pm thick conductive layer adjacent the
semiconductor die, even with a 25 pm thick adhesive element comprising
a tape disposed between the semiconductor die and the interposer
substrate, since the discrete conductive elements or conductive bumps of

(RO InBeesERISERRLIND EmEIRRLNY peevertiiviRRs e asdimpter which is

far in ¢REecieILatECattreNARGENbidhioF dinyvertisRlStaRslolidarevitediiy HignRnBus greatly
Electrical connection reliability is improved, since the conductive bumps

facilitaging umaadecorss AhetBIrRiRY I AeRersaBLe HBRs A Bl e thp b cample. a
75 umthigipoR3bidaiplosed windudiveniiatesialsivthin e eeasses, eliminating
the need for conductive vias and an electrical connection between a first

Db AR RS R RFY ST RIR A A B CHRES fi Fiietive bumping may

be useGeNHHISTVIR:RURYD AREhAI iR ARth ARRINEV L] aGH Gal SARNRIBd BRiVBeRNsth€ bumps
.via and a second conductive layer on the,o\%%osite side of the interposer,

used ig, gombipatiqn oy, & sde Bie sResrln T I HEsiGh ,aé‘?/é’ﬁrFé‘i’&&rly suitable for
prototyiaigi cedeeiordiceeCaitying ¢ latgad umbeldeihconduttivE beveppiay, Dew cost,

.. rerouted for external connection using the present invention as all
ﬂexlbl}ﬁ?’dﬂtﬁ‘iﬁo@%‘géﬁé‘%ﬁ%ﬁeﬂﬁé%i&@%a%ﬁ/é)%ié%gﬁ? RiFs 6RO HEBing away
floo107¢ semianrauaiondier 301{RB1ObIPEspresBtdRUERTIPAIN@Nmodates minor
. .employ a recess lateral dimension or diameter which |s far in excess of
variatigng'bg S?Ibﬁlﬁ ?0?1‘[3{“8%}%89#8?%% ?ai‘Bg i?&!?a‘i’fiﬁ Oﬁﬁﬁ?n%‘?ﬂarﬂéy of the
semic@i@atlyr daciiiatingiiues psand Irgoaasalipnmenihby. | Coasesingnhtapsiratbn, if desired,
dimensional tolefances.. For example, a 75 ump may pe employed .
of s ALHSB 5 12 LGS A mUp DR ORI IE A a b Pa varety of
metho@¥ eyiasily Madlathbtvasiolsriy@asof condiscti poonping vadgabeaddsted element
to implement the present invention. However, it is currently believed that =~ .
such oy LB S ISP e CBIBM T S5ralr BASRS i SBTh ghglovine
tape isreqeSsesare: pay ienlrdydisiabde: fard praiglyyeingbnchiow yahemdifferent bond pad
rodlthtion due to theiragva ce stattt of dev?lopme(li’nt, Iovxi cgﬁt,.flexilﬂ'lit% dant
AN g R ot tife RSB Nt 944 Thybifte ah dHHE Piteh dapabifiy™c atendan
compl¢ROY Of] dins peldiionn, thethee cipa fiexilbe inietposesdubsirhiek edstyplanarity of the

condudGEMMOdates minor yariatons beteen neIgnts of varlous CONAUCIN during die
%umps a%CPPaC& IOI% a%scl)]luf)e p’lanarlty oF’ﬁwe SemICOHSQC?OI’ c‘ﬁe achve & &
attach sorfacenaspuet asibth@itof thestéfivitmalsofeeirtay, bneppBadatioonificesiedst of the
conductive bumps with terminals without damage to the assembly. More specifically, during
semiconductor die placement, the tape may act as a stopper or barrier and as a cushion. If a
conductive paste is deposited in a via, the tape acts as a barrier to prevent paste contamination of the
surface of the semiconductor die. If, on the other hand, solidified conductive bumps are used, when
heat is used to soften the bump material, the tape acts as a stopper as well as a cushion when the
bump material relaxes. In addition, tape accommodates the “spring back™ effect exhibited when
force used to assemble a semiconductor die and interposer substrate is released, helping to keep the

interconnection or joint together. These advantages are applicable to both rigid or flexible interposer

substrates.
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of some or all portions of the periphery and back surface of the

semiconductor die by a variety of methods is greatly facilitated, as is
incorporation of a thermally conductive heat transfer element such as a

heat sink without adding complexity to the package. If an adhesive

element employing a tape is used to secure the semiconductor die and
interposer substrate together, different bond pad arrangements are easily
accommodated without the use of a liquid or gel adhesive and attendant
ANHBLiS shais it napa el wipsehingline abdbcsregale Brigekeflow of

solder&Qpianadiiybicthempontuetive:iempswen & serikonduetRsain s aidNBe electrically
wafer level and to provide cushioning during die attach to the interposer

tested DiiQtratellay stiicheitfort e tiisy e Aplied @PBHELPEERIARE Setrigonductor die

encapseAEGHYQ bernpis y\dib tefviralsnyithautdamagpriadhe: assanily.aMekeduces the
specifically, during semiconductor die placement, the tape may act as a

volume, 8 Giel 5 ifa ks AMHCRE L RRRSY P o BBHAL AfVE FASRS i tFEpESHey firate and

semicchdiRtdhéidape idctsmaslamaniaicierpiryeslRaste portaminaligmes theress-induced
rface of the serlzicon ctor die. If, on the other hand, solidified

S :
defea%a%%w&%ﬁ?ﬁ %8&5@&?%@9}" ARPsORERH B soften the bump
niede0sy, WaitapBeapissas arslapRer B Vbelnadisctisshion when sheehuiMpreferred
material relaxes. In addition, tape accommo esfhhie "spring back" effect )
embodipeiik At iHER ATy B ug W EOHEGESY i gy ze and appreciate
that thetRRa$®hSYbsitale isnieliRasedidietpingitickesp ihe idetanim@stiont disclosed
joint together. These advantages are licable to both rigid or flexible )
ernbod D RRY LB ATA 4 0O} ol B B D AT i herein.
SimilaéifytHeaassemity qpd @hibodfion afagbldemippe Contuativediuntiiseinwthige remaining

.. recesses as well as rework, as the assemblies maybe electrically tested . )
withiny B SORE A AR A o B MG P B LA a8 eribed in
associggmivtthdhctendidl yatigapstdaded-amlcardedadt vetcissensoveciando in FIGS. 1 - 3,

req;aced..ghi? ;f)lr S n(t:edoftt efgge also reduces.the t.\/qu?1etof dielectric 310
may algft b Rrpadst APS ABRVEAS g it RS R S el Bl RRE S e
and thspenigiasrg uaieys dienfiparitsoaamipliapb sharactenstds rediGS. tieapdtehitiadpectively.
I s R SO s PO A A T e FRrenan alissgpine rieid
as wellisdlesgdeiimtenmscof wertiainspatiteniehl rahodiments fant@ktandativesdiments may
offer tggtreerqfﬁ ! o,?éefi)efx% eirilatr solgillriql htea?gg will recognize and appreciate that

Hie fhventon ishot solimied: A 5|{|ons, deletions and modifications to the

disclosed embodiments may be effected without departing from the scope

of the invention as claimed herein.
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Similarly, features from one embodiment may be combined with those of
another while remaining within the scope of the invention. For example,
the opening 130 and segments 132 described in association with the
centrally aligned recess configuration in interposer substrate 110 in FIGS.
1 -3, may also be provided and adapted to the I-shaped recess
configuration of interposer substrate 310 and the periphery recess
configuration of interposer substrate 410 in FIGS. 25 and 26, respectively.
In addition, the present invention mmplated as affording advantages
to assemblies using rigid as well as flexible interposer substrates,
althaugh,.of course, some features and embodiments may offer greater
What iggiainis%iSiible interposer substrates. 32 CLAIMS What is claimed is: 1.
An interposer substrate for a flip chip semiconductor device assembly,
comprising: a first surface, an opposing second surface, and a dielectric .
membef HAVIRG LY ﬁEV%f{F]’éée@é’e‘éq%ﬁFé‘H& HHEF RIS Frd I IR irsgmprising:
a first sutifaeeaeappoeeesscohdhaipidealing Sidaddarstbstantiolyyiggaipiality of recesses
conductive bum og at least one semiconductor die therein and exposing
PRS2 TN VR R P UENVE LE nent at a bottom  thereof, the plurality
each refd8Ces3IRS pinedisodinal agagbwithbiglefteseivo undingrtileasumpastian least one
of the conductiye bump substantially received in a recess of the at least
SR GHAHE LBl 08 PO SRR B PO GG AR S g o 2 ot
titiotegh theptielticirid rmembesidbsatieas gneidpendfigs oo itie gsetanth portion
sutrtﬁce being.in l():omm icatti.orﬂ with the 9aps. 2. T tﬂnt(%ti oser sub%late1 lit
of G 1S WHEFEN TR B TALY Ons Speiny doRiprided s pititalitffio " (he pruraiity
paasagassexteinding to the plurality of recesses. 3. The interposer
o teas e B R R LR S A R R SR A rom e
recessesirfact beiigtérposansiibsiratevah chaigais. wherein the at least one
opening comprises a plurality of openings, each extending to a bottom
portion of one of the plurality of recesses. 5. The interposer substrate of
ctaim 1, Tibéneirpther atitsasteortechpaning iedfarmie atheeuginthgpaaogrdmprises a

pluralif':'}lf'l (l;ftalg:aess%]:ggs]%{?etgéﬁl%s‘%rtﬁlej %?&%gltl?y of recesses.

3. The interposer substrate of claim 2, wherein the plurality of passages comprises one

or more passages extending to each of at least some of the plurality of recesses.

4. The interposer substrate of claim 1, wherein the at least one opening comprises a

plurality of openings, each extending to a bottom portion of one of the plurality of recesses.

5. The interposer substrate of claim 1, wherein the at least one opening is formed

through the second surface of the interposer substrate.
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33 6. The interposer substrate of claim 1, wherein the at least one opening
comprises a channel formed in the first surface of the interposer substrate
and extending from one portion of a periphery of the interposer substrate
to at least an interior portion thereof. 7. The interposer substrate of claim
6, wherein a sidewall of the channel extends beside at least some of the
plurality of recesses and opens into the at least some of the plurality of
recesses in the interposer substrate. 8. The interposer substrate of claim

62 wherd i tHLeEPRIRh &1RBS e ai Hamber Rt 1prnae §RaiRg comprises a
channdgoRh&Ynohtherinteipasastsub sitaisothe dhannel RPenidiae TigHae rtion of a

receive a_dielectric filler material in nonsolid form. 9. The interposer

periphepyd FReHPRATHY T RAFLF M ARSI IR I i eeEid hetiprises a recess

configuration which is substantially a mirror image of a bond pad

configuration on an active surface of the at |east pne semjconductor die. )
10. Thefh?é%ﬂ?&%ﬁﬂ%ﬂ%ﬁ‘é 8%@?&%69%?{8%% e sl:%fs %ﬁ?‘?f?@‘ﬁ?ﬁﬁ%?ﬂds beside

at leascunprigescailueds) one ekacamepawiiecessacrafigisiationiRplusilapedrecesses
. recess cor@?uraﬂon, and a peripheral recess configuration. 11. The
in the RirpOSEEUABaFate of claim 1, wherein the second surface of the

interposer substrate includes conductive balls on at least some of the

conductjye elements tq electrically interconnect to external circuitry. 12. .
e inted T BT ARS B G T o B Bt el opening

provideamptisgsriptexiblerdialesticdapesi3dte] e iliarpasgresimstaitoatalaimeceive a
1 v%/ erein the dielectriﬁ}HﬁFmber comprises at least one of a polymer

dleleCtrrﬁ% ér?élr,né T} lslirﬁ,n&lﬁﬁ arr%rnné‘te, FR5 laminate and ceramic. 34 14. A

wafer scale interposer substrate member, comprising: a wafer scale
dielectric. member including multiple unsingulated interpaser substrates .
el art G B N RA bt EAbST URR SR Bre FeRay gmerses
recess senfigondustehidicé eubtiumiitdlen toirbe superivfipbsed @i thefigafetiecalean active
surfacEIROSE SYOSIALE membe, epch of the Interposer substrates having a
irst surface, a second surface, and a plurality of recesses extending
10. The interposer substrate of claim 9, wherein the recess configuration comprises at
least one of a center row recess configuration, an I-shaped recess configuration, and a peripheral

recess configuration.

11. The interposer substrate of claim 1, wherein the second surface of the interposer
substrate includes conductive balls on at least some of the conductive elements to electrically

interconnect to external circuitry.

12. The interposer substrate of claim 1, wherein the dielectric member comprises a

flexible dielectric tape.

13. The interposer substrate of claim 1, wherein the dielectric member comprises at least

one of a polymer material, BT resin, FR4 laminate, FRS laminate and ceramic.
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thereinto from the first surface, each recess sized to substantially receive
a conductive bump of a semiconductor die of the plurality of
semiconductor dice of the wafer and exposing at least a portion of a
conductive element at a bottom thereof, the plurality of recesses sized so
that a gap will be left adjacent a portion of the conductive bump
substantially received in a recess of the at least some of the plurality of
recesses; and each of the interposer substrates including at least one
opening in the dielectric member from the second surface in
communiGaiienseAth iatdgrst saiparaldie Baps cdmphibmgnember of claim
14, wherein the at least one opening comprises a plurality of passages

a walepsGal el 1 R PRI Bf o BRLER 1 S ARl R ISP BTE R ipdes, cach arranged
venar@indhgopkid ity 0 Pasaagas SR isesall Eo0EIMAEn RESEPESon the wafer to
extending to one of the plurality of recesses. 17. The member of claim 14,

SPATRTTMR b 48 B e B E AL CBIRmISEs Y Eﬁ%’?liﬂ}e&?b‘&péﬁﬁl?g%? iﬁ)e Interposer

eachipfithainiesposesisubsitatasseeash afrthe: phacalitylof0pevingsesses extending
extending.to a bottom portion of one of the plurality of recesses. 18. The
TSP SRR 108 SHHBFEIRATT SERALLEHE MRS St g R e ve bump

seCosehiruifasa@idkachibé ferintgroosanisoiditaie didol the Migeng@ivle@posing at

of claim 14, wherein the at least one opening comprises at least gne .
HAMATHBIRRY Ry rRea S BRRHOR helsten oL ehvatsgses sived so
athet ex¢emdsifanmedt pajtiphie By patiheolafetaahletinterpapensubsitalereceived in a
memberft at least an int igr 1orti n thfereof. 20. The member of claim
1@?\9\%&&3 A SRS PHE A AP ONE LA el Ektends beside at least
each osdimentdrifseplsubdiiyitef iedaediasaaiwdvpans peton & ahdedislesainenefile from the
plurality of .recesses. 21. The membey of claim 19, wherein the at least
or S S R S B AHRL O R AT IS Svided at a
periphery of the wafer scale interposer substrate member, the at least
one chapnel opening. configured to receive a dielectric filler material in .
Porisolic B 3EE S A e B S e TSR OB Bf PG < plurality of
passageecasseliip eabh phthetyntérpasees.substrates comprises a recess
configuration which is substantially a mirror image of a bond pad
configuration on an active surface of each of the plurality of semiconductor
diée of thieewsdi@her of claim 15, wherein the plurality of passages comprises one or more

passages extending to one of the plurality of recesses.
17. The member of claim 14, wherein the at least one opening comprises a plurality of
openings in each of the interposer substrates, each of the plurality of openings extending to a bottom

portion of one of the plurality of recesses.

18. The member of claim 14, wherein the at least one opening is formed in the second

surface of each of the interposer substrates.
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23. The member of claim 22, wherein the recess configuration comprises
at least one of a center row recess configuration, an I-shaped recess
configuration, and a peripheral recess configuration. 24. The member of
claim 14, wherein the second surfaces of the interposer substrates
include conductive pads with conductive balls attached thereto. 25. The
member of claim 14, wherein the dielectric member comprises a flexible
dielectric tape. 26. The member of claim 14, wherein the dielectric

el 86 ERGES i BB bheBEra iy bl b R A B SRERGs ot least one
channéﬁfﬁfﬂ@lﬁirﬁﬁ@fiﬂ;ﬂﬂﬁlﬁ@e&ﬂ@aﬁﬁr@ﬂm%-il&@rposer substrates and extends from a periphery

of the wafer scale interposer substrate member to at least an interior portion thereof.

20. The member of claim 19, wherein a sidewall of the at least one channel extends
beside at least some of the plurality of recesses and opens into the at least some of the plurality of

Ireécesses.

21. The member of claim 19, wherein the at least one channel comprises at least one
channel opening provided at a periphery of the wafer scale interposer substrate member, the at least

one channel opening configured to receive a dielectric filler material in nonsolid form.

22. The member of claim 14, wherein the plurality of recesses in each of the interposer
substrates comprises a recess configuration which is substantially a mirror image of a bond pad

configuration on an active surface of each of the plurality of semiconductor dice of the wafer.
23. The member of claim 22, wherein the recess configuration comprises at least one of a
center row recess configuration, an I-shaped recess configuration, and a peripheral recess

configuration.

24. The member of claim 14, wherein the second surfaces of the interposer substrates

include conductive pads with conductive balls attached thereto.

25. The member of claim 14, wherein the dielectric member comprises a flexible

dielectric tape.

26. The member of claim 14, wherein the dielectric member comprises at least one of

a polymer material, BT resin, FR4 laminate, FRS laminate and ceramic.
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