-1 17 March 2006 METHOD AND APPARATUS FOR FLIP-CHIP PACKAGING PROVIDING
TESTING CAPABILITY 5 10 TECHNICAL FIELD The present invention relates generally to packaging
of semiconductor dice and, more specifically, to packaging of flip chip configured semiconductor dice
employing an interposer substrate having recesses in one or both sides thereof for receiving discrete
conductive elements projecting from the semiconductor dice. BACKGROUND AR'{gq\qg}égr%t%gard
("COB") or Board-On-Chip ("BOC") technology is used;to attach a semiconductor die directly to a
carrier substrate such as a printed circuit board ("PCB"), or an interposer may be employed and

attachment may be effeMdETEENE AND 3 PR RAJPIER Fid Bl rd P 4G EN6mated bonding
("TAB"). Flip chip attachment gener&ROYADANGIIENIING SABAEIRdAiXally 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 fabricatibRGR&YEof lblitFddy 20 instead be disposed on the

carrier substrat.e. Theﬂ@ﬁ?@&é&%ﬁ%@i%@%@ﬁy ﬁpﬁégfée?ﬁﬂgiﬁf%%rﬁ%ﬁldﬁ% éﬁlélgﬁﬁﬁi,ba”s or
columns of various configurations. Each discrete conductive element iggced corresponding to

mutually alignéePrscassHEcaH Yoihpapktai s obihierand ruHisHey semterdifiebAle GBPinsiagan

terminals on theEAISIRE SIREHRIBNVIRTAREG MNOLS BRI RIS SHESHMBPR&d; ViRe ssrigonductor
die is thus 25 electrically and mechanically connected to the carrier substrate by, for example,

reflowing condRRARRE BYMSHRIBIEORIBICSH RGN COR deRtivRNdredRdifdor-filled epoxy bumps. A
dielectric wmderfill may then be disposed between the die and the carrier substrate for environmental
protection and to enhance the mechanical attaghypgpkefitks die to the carrier substrate. 30 Wire
bonding and TAB attachment techni uesﬁqenerally begin with attaching a semiconductor die by its

: q‘ b : (13 2
back side to the surfdeBBfNBrEd SR atenRpaggrOn-Chip (“BOC™) technology is used to

attach a semiconductor die directly to a carrier substrate such as a printed circuit board

(“PCB”), or an interposer may be employed and attachment may be effected using flip
15  chip attachment, wire bonding, or tape automated bonding (“TAB”).

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

20 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

25 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 underfill may then be disposed between the die and the carrier
substrate for environmental protection and to enhance the mechanical attachment of the
die to the carrier substrate.

30 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 are discretely attached to bond pads on the semiconductor die and then



appropriate adhesive, such as an epoxy or silver solder. In wire bonding, a plurality of fine wires are
discretely attached to bond pads on the semiconductor die and then 17 March 2006 -2- extended and
bonded to corresponding terminal pads on the carrier substrate. A dielectric encapsulant such as a
silicone or epoxy may then be applied to protect the fine wires and bond sites. In TAB, ends of metal
traces carried on a flexible insulating tape such as a polyimide are attached, as by
. : . ) A7 Néarch 2006 .

thermocompression bonding, directly to the bond 5 pads on the semiconductor die and corresponding
terminal pads on the carrier substrate. Higher performance, lower cost, increased miniaturization of

components, diegrsdterdbendadng qensimosfintegraiinrdsiendhs sngsng BB ofthe computer

industry. As nejegeng e AhitagiaiRd SlicWhP ek e HRAIRApRAUBPRLRE @emRonents
used to fabricate them ten(faiﬂs),QS to decrease due to advﬁ%:es in tgchnologyaFO even though the

functionality oftHESFedibienslipiéeeabe TAdt eRdrpensnl thecavertifs oma dderdblp prowiatag ipns ten
percent decreagen 3 CoOPYIPRGRS A RY e RradbetheRRS!aliRN-oueh henRIRYIAUs AR @ratioshaving

equivalent functionality. Recent trends in packaging are moving with increasing rapidity toward flip chip

attachmenf dubgs pRghsvsinieedictrsliraphspeesapadire deempue adiepdbaspyiasihsiiaoer, flip

chip attach_ment is “OHY%GQPH&%%@{E&@%'? &?sm%&&@%‘iﬁ%&ﬁﬂfﬂ)dﬂ?%&%@ﬂéﬁsﬁ Ipond pads
from the middle or periphery of a die to a two-dimensional array which, in turn, may result in overlong

and unequal |é¥gtaTeNRt sk pHREITRSIRNBT IO Sk S Rid ABEAIPCEN fetHiR) SRS RKRIDIt a lack
of consistent reliahility of sthewnieseprastinnsbaeen g Griuand theritaspesat duather sgarrier

substrate as a 20 result of the increased miniaturization as well as difficulties in mutual alignment of

the die and c&PBPRHYrdteti friQie reitthiradrsiase faehoe FErBeRYg depiopads may
also be limitedehy fligosize thnaiheohindyasnaad fiachinRackaging: haghsenofificulvrigglectrically

testing completed flip chip semiconductor device assemblies using existing test probe equipment.
Thus, even if 2RSSR GRBERIGP RN (58 BESERIIGEIS eSS B SOTBRABEN R ARG GYSUWE, the assembly

itself may exhibiihdefgshsowkliehearie et sersity deiertethand wWhighimaye Ry detected, be at a stage

in the fabrication process subsequent to encapsulation, rendering rework of the assembly difficult if
not impossible. Recent trends in packaging are moving with increasing rapidity toward flip chip

attachment due to improved electrical performance and greater packaging density.

15 However, flip chip attachment is not without problems, such as the high cost for a third
metal reroute of bond pads from the middle or periphery of a die to a two-dimensional
array which, in turn, may result in overlong and unequal length electrical paths. In
addition, many conventional flip chip techniques exhibit a lack of consistent reliability of
the interconnections between the chip and the interposer or other carrier substrate as a

20 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. Another hindrance to flip chip packaging has been
difficulty in electrically testing completed flip chip semiconductor device assemblies
using existing test probe equipment. Thus, even if a semiconductor die in the assembly is

25 aso-called “known good die,”, the assembly itself may exhibit defects which are not
easily detected and which may, even if detected, be at a stage in the fabrication process
subsequent to encapsulation, rendering rework of the assembly difficult if not
impossible.

Further, flip chip packages for a bumped semiconductor die employing an

30 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



Further, flip chip packages for a bumped semiconductor die employing an 30 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 17 March 2006 -3- sandwiched therebetween, the bumped semiconductor
die resting on and connected to traces of the conductive layer on one side of the gx}%?a%@(%d
electrically connected to traces of the conductive Iaye_r39n the opposing side, conductive vias
extending therebetween. Finally, underfilling a flip chip attached semiconductor die to a carrier 5

substrate with diefecshedileergbstaicancts b SRAYCRRE USHA iR IR O h PHEesINgR g diFe presence

of the underfillmakesiawerking: 6 dpfastye arsentiies difficuiolnahdoressiblg, Qircdiffigulties
with conventional packages include an inability to accommodate die size reductions, or "shrinks," as a

given design piidgee séaetrendB i il axsreta tienrpatings larnddetstopricheRd@rposer designs

and tooling. Asymprdvagtionalitnis inslkded:in dicey eﬁ%eﬁﬂ@;m%aﬁ%ﬁzﬁ{qumQQB%fé&@wﬁ and
outputs (I/Os), decreased s(%%cmg o&ﬁltch between the 1/0Os places severe limitations on the use of
Sritelay

conventiondl iR Mith RhregisUeheivhbe gderadesing aféers Huetsbls Profrmpiitkage

?Ssembw is CQH@&?&@@&@@HNHQ Hﬁ&’é@ﬁﬁﬁlﬁi@&t @Q%%%@P@é?é%t@@ iR antldpierpaser assembly
is not detected until the package is finished. For example, United States Patent 5,710,071 to

Beddingfield etraPagidbleses a fairly typical flip chip attachment of a semiconductor die to a substrate

and a method of undgrfiling & QaRRINE NS BERAIGIRALEIN it addisasiIAle./n particular, the
semiconductor die is attached face down to the substrate, wherein conductive bumps on 20 the die are

directly bonded P BorRfpsdioH AR EEdpPisupfackBrkie 88BB dRHREhPINgGRIes tHeWh between
the die ang)sulisfeae ﬁaﬁ&M@Rﬁlkmatqéalaﬂw@tﬁ@watbﬁpss@@esbg&wmtyaﬁ@mﬁ«%qaafector die and

the substrate via capillary action toward an aperture in the substrate, thereby expelling air in the gap
through the apBREHEAltHES 0Tt G TS rs 1 MM ZE VBT JRRDH LIRS IRRSRERYSHowever,

such an 25 ungegijing craifiad sitis WPPREE BRAKLLHITRE DORSIRIRG LA MR IR IRISHIE the
entire semiconductor die. Further, the flip chip attachment technique disclosed in United
of conventional interposers. In addition, with conventional packages, a die is not tested
until package assembly is complete, resulting in excess cost since a defective die or die
15 and interposer assembly is not detected until the package is finished.

For example, United States Patent 5,710,071 to Beddingfield et al. discloses a
fairly typical flip chip attachment of a semiconductor die to a substrate and a method of
underfilling a gap between the semiconductor die and substrate. In particular, the
semiconductor die is attached face down to the substrate, wherein conductive bumps on

20 the die are directly bonded to bond pads on the upper surface of the substrate, which
provides the gap between the die and substrate. The underfill material flows through the
gap between the semiconductor die and the substrate via capillary action toward an
aperture in the substrate, thereby expelling air in the gap through the aperture in the
substrate in an effort to minimize voids in the underfill material. However, such an

25 underfilling method still is unnecessarily time consuming due to having to underfill the
entire semiconductor die. Further, the flip chip attachment technique disclosed in United
States Patent 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.

30 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



States Patent 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. 30 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 17 March 2006 -4- the elimination of the necessity for a thqumtaq,lcﬁej%

te, while
reducing total assembly height in combination with the, ability to employ commercially-availa ?e,

widely- practiced semiconductor device fabrication techniques and materials as well as existing test

equipment. 5 MSAISURE O HeNpeeeRsTIONNT PHEIp} dariat TetRsHgioRdb eing kb assemBlipparatus

for assembling, dsiing - aREiRAGEANNG IREiifikg! ANdmvliplsRINEANALCIRL HicaMith an interposer
substrate in a flip chip type arrangement and, further, the present invention relates to an interposer 10
substrate haviREAFHGRIpIE PeclI iRt dRYECRoaRIBANY SSEItEIAC BrakER YRR Wi aPeilstigBaced and
sized conductit@t@%m fepfigurations. The present invention provides a flip chip semiconductor
device assembly substantially reduced in height or thickness and with improved mechanical and
electrical réliability of the interconnections between a semiconductor die and a carrier substrate in
comparison to conventional flip 15 chip assebBlesURaE BISGENHISving the alignment capability of

attaching the semicopglligiesieifodieointerReses Atrrdaland AspRresRRbIeatiBN sk &liginates the

requirement of a third metal reroute necessitated in most flip chip assemblies and eliminates the need

for underfilling¥dredeinthdividyal AUBHIRG FeapsoRAEIR OB fissBdth AbidkiBr etha prEsip
invention facilitatgs &8lptypl sl Rnd £liicienh0 desPRA S theSRIMcRNALCIOLASH rThe flip

chip semiconductor device assem,bIP/ of the present invention includes an interposer substrate having

a first surfdbe aHPEARBAHAS eiFrsrsiRASCIRa dP bR Witiiges raicenditersherthéRecond surface

includes multipigfeersFepiuman lisseitbaneArEanagd donideaslivo tHigsRIEAEERRMREAENS for

attaching one or more conductively ) ) o
provides a flip chip semiconductor device assembly substantially reduced in height or

thickness and with improved mechanical and electrical reliability of the interconnections
between a semiconductor die and a carrier substrate in comparison to conventional flip

15 chip assemblies, while also improving the alignment capability of attaching the
semiconductor die to the interposer substrate. The present invention also eliminates the
requirement of a third metal reroute necessitated in most flip chip assemblies and
eliminates the need for underfilling or reduces the time for underfilling if optionally
effected. In addition, the present invention facilitates relatively simple and efficient

20 testing of the semiconductor assembly.

The flip chip semiconductor device assembly of the present invention includes an
interposer substrate having a first surface and a second surface, wherein at least one of
the first surface and the second surface includes multiple recesses formed therein and
arranged in at least two different recess patterns for attaching one or more conductively

25 bumped semiconductor die thereto. The one or more conductively bumped
semiconductor die may be assembled face (or active surface) down to the interposer
substrate in a flip chip type arrangement so that the conductive bumps of the
semiconductor die or dice are disposed in a corresponding recess pattern. Conductive
elements in the recesses are interconnected by traces to test pads that are exposed

30 proximate a periphery on at least one of the first and second surfaces of the interposer
substrate. Such test pads allow easy access for probe testing the electrical integrity of the

one or more semiconductor dice mounted to the interposer substrate.



25 bumped semiconductor die thereto. The one or more conductively bumped semiconductor die may
be assembled face (or active surface) down to the interposer substrate in a flip chip type arrangement
so that the conductive bumps of the semiconductor die or dice are disposed in a corresponding
recess pattern. Conductive elements in the recesses are interconnected by traces to test pads that
are exposed 30 proximate a periphery on at least one of the first and second surfalc)elgggéctlp%agerposer
substrate. Such test pads allow easy access for probe %esting the electrical integrity of the one or
more semiconductor dice mounted to the interposer substrate. 17 March 2006 -5- In this manner, the
recesses of the at ledét ibramagenihecesssspanetits dleaspite dildprent serearMipined® substantially

receive the cogguclivei AUMRY OnhiigeanGYaHYaMiRHT R semicaniicioradia.apdisedR an extent so
that an active surface of each semiconductor die lies immediately adjacent a surface of the interposer

substrate. 5 AKUYHEYN ehsmpeed e aHERIHEOF AiRqUidieR rhaKEshe SraAheribsvErEsstel tape
may optionally.hendispasafiRabragnine semisarivcisdia araadiacendMaRRREF sayhisikate surface.

As such, there is a reduction in the height of the flip chip assembly due to the conductive bumps being

substantially of8shesdYRsistaRntérdisdaim aie havekeegelndbes it sicidlrsider@atasi&Rumps on
the die to be fopmedasasn {delinsiapsed reliahlitkwitbautinsrarsing tag.bsiohtafphe flip chip

assembly while also removing the need for a third metal reroute on the semiconductor die.

Furthermore, StRHAFIHERRS sémidshathetsritiavrb eier e keight thihadiprdinsasdPinderfilling
between a seruigORYEIEs EERE i aEhge ehisialialp ol uadediipg s eraniauetln the present
0

invention reduces the time for underfilling the assembly and amount ielectric filler required,

5
since any spadefirisTewhid s e theceprslictive Bumps ien thm el QERselrERRIdeT or standoff,
between the sepisadueipiieanfRdiaeeRadHe RO sl HibsiRiqIsYHapa isAlteasHiedigsd and in

some instances greatly reduced due to the presence of the adhesive element. In a first embodiment,

the interposer SIPRYAEHSAIGER L P MecdISEQ s mRdae somicansiettrs ciss Batlsimorethe first
surface thereofgihch 15eRPAERtESTIRAILR I PR IS SRR SUEfaam Hiereohethedingh @l 1sagond

recess patterns are configured such that semiconductor dice havin% differently spaced and arranged
conductive bu,lhedween a semiconductor die and the interposer substrate. 1f underfilling is employed,
the present invention reduces the time for underfilling the assembly and amount of
15  dielectric filler required, since any space in a recess proximate a conductive bump is
minimal and vertical space, or standoff, between the semiconductor die and adjacent
interposer substrate surface is at least reduced and in some instances greatly reduced due
to the presence of the adhesive element.
In a first embodiment, the interposer substrate includes multiple recesses formed
20 in a first recess pattern on the first surface thereof and a second recess pattern on the
second surface thereof. The first and second recess patterns are configured such that
semiconductor dice having differently spaced and arranged conductive bump
configurations thereon (including different sized semiconductor dice) may each be
mounted to the interposer substrate. In this manner, the interposer substrate of the first
25 embodiment may facilitate mounting two semiconductor dice thereto by mounting a first
die on the first surface of the interposer substrate and mounting a second die on the
second surface of the interposer substrate.
In a second embodiment, the interposer substrate includes multiple recesses
formed in a first recess pattern and a second, different recess pattern in the first surface
30 thereof. Such first and second recess patterns enable semiconductor dice having
differently spaced and arranged conductive bump configurations thereon (including

differently sized dice) may be alternatively mounted to a first surface of the interposer



configurations thereon (including different sized semiconductor dice) may each be mounted to the
interposer substrate. In this manner, the interposer substrate of the first 25 embodiment may facilitate
mounting two semiconductor dice thereto by mounting a first die on the first surface of the interposer
substrate and mounting a second die on the second surface of the interposer substrate. In a second
embodiment, the interposer substrate includes multiple recesses formed in a first ﬁ?ﬁg&:ﬁ)%@gn and a
second, different recess pattern in the first surface 30 ¢hereof. Such first and second recess patterns
enable semiconductor dice having differently spaced and arranged conductive bump configurations

thereon (includitiytaife reriiNsIpamencay g sl e B s saceadsaindimentdea ljpipe
interposer 17 Mareh20Q% oI @8e dhikis dNaneln s UGPSRl ML ai Pl ai BRAAN

embodiment facilitates the option of mounting different sized dice and/or semiconductor dice having
differently spatgeeoitidEsvis HerAp configurations. In a third embodiment, the interposer substrate

includes multiple recagsemfRrageb @A iRt AndsecondnditiRrantracesnRRera R g distgurface

of the interposer substrate and a third and fourth, different recess pattern on the second surface of the

interposer Subdtfd st fieseaf ddidetsng icees Bk AHsthediEd s P thatesIfEonductor dice

h_aving diff_ere'&%ﬁ%@%ﬁ@&‘%ﬁﬂ%ﬂg?&?@ﬂ@%@é‘ﬁ%%ﬁ’s 59@@&%@@9@%@&@%@6@%@% different
sized semiconductor dice) may be optionally 10 mounted to a first surface of the interposer substrate

and the third aliéefeOres rebEsaephhe fistard ssamrliFreersontrae Arcerrfigisidiedithving differently
spaced and agangedeRRIustve fumriaeaigdiatapsdhareamipsiudingudifiersntgized

semiconductor dice) may be optionally mounted to a second surface of the interposer substrate. In

this manner, tHEMEHSEEs shprsantdrstufin g dit G stirdestrisomererificsspRmoptrthting

different sjged disgniacOh SRENIGRNRUSPIAIGRHBYIRE ABFAB I dSPRERFCONIEGRIVE BLEBD
configurations on both the first surface and the second surface of the interposer substrate. In a fourth

embodiment, tREFEBsserdiBeahts thelugausmriysiendicedseingatiHets mlvirnacseaml, third and
fourth differentipaR%% PBHAIRSVE BhM HISS Tt iRssoat BOrHA (erRdser&HbRiKLg &uUCh recess patterns

each are configured and sized so that ] )
semiconductor dice) may be optionally mounted to a second surface of the interposer

substrate. In this manner, the interposer substrate of the third embodiment facilitates the

15 option of mounting different sized dice and/or semiconductor dice having differently
spaced conductive bump configurations on both the first surface and the second surface
of the interposer substrate.

In a fourth embodiment, the interposer substrate includes multiple recesses
formed in first, second, third and fourth different recess patterns in the first surface of

20 the interposer substrate. Such recess patterns each are configured and sized so that
semiconductor dice having differently spaced conductive bump configurations thereon
(including different sized semiconductor dice) may be optionally mounted to a first
surface of the interposer substrate. Thus, the interposer substrate of the fourth
embodiment facilitates the option of mounting different sized dice and/or semiconductor

25 dice having differently spaced conductive bump configurations on the first surface of the
interposer substrate.

The recess patterns referred to in the interposer substrate of the previous
embodiments may be staggered and/or aligned with respect to each other. Also, the
recess patterns may include some recess patterns that are staggered with respect to each

30 other and some recess patterns that are aligned with respect to each other.

Turning to another aspect of the present invention, the conductive bumps

utilized for interconnecting the semiconductor die and the interposer substrate may be



semiconductor dice having differently spaced conductive bump configurations thereon (including
different sized semiconductor dice) may be optionally mounted to a first surface of the interposer
substrate. Thus, the interposer substrate of the fourth embodiment facilitates the option of mounting
different sized dice and/or semiconductor 25 dice having differently spaced conductive bump
configurations on the first surface of the interposer substrate. The recess patternslx}el(;ﬂﬁagé@d@ the
interposer substrate of the previous embodiments may be staggered and/or aligned with respect to
each other. Also, the recess patterns may include some recess patterns that are staggered with

respect to eachosdastiR caincdreciupedls phtherrrsepigs Merafignanathn qeapidtve uepsother.
Turning to anothgp ashech ARG RERaRt IveIiaR H&%diﬂ@%%‘é%@élr@&%g%ﬂw fninfgrgonnecting

the semiconductor die and the interposer substrate may be 17 March 2006 -7- bonded to conductive

elements in th&RetEsBYBY rerethgploreshd i Addi o pen-tolithecmBIeorRItaivéabsvapSs @itrasonic
bonding, or theyR@GAPRERESIARy BERESIING SPaR naTRP-Palg esemplayad Jtaddiigm,non-solid

conductive material such as a conductive paste may be provided on the conductive bumps or within

the recessés pAHPRSIBERSTARIPRIXe RUTHIE Hifhprsticthe ierssivsn vaataghed curligt¥Red

cond_uctive bugiRs May evided in _ﬁ'i@c%%%@é’ %d%?esfﬁ_ﬂﬂetf&{%@§§ﬁ§ﬁ %ﬁﬁfh‘,’"ﬁﬂ@tﬁeﬂﬂ%ﬁie may
be aligned and attached to the conductive bumps. As such, in addition to providing a more reliable

electrical conntAbENsEEeHBsBcoRdhe Fo8 BlsthsbamePthe tondh ctivaddiisrchprecidiRg tonductive

paste compengaiRS P BRY-RRAEAPIBARLIN ALBIR VAl iRl RiaendL SliMS D HRIRIRIZSHIRERSS depths
and planarity variation in the surfaces of the semiconductor die and interposer substrate. The

adhesive elem@RIQEMeyISEI9HHEY®REHE SATMSTHUESIRTAY ARB76PRHB YIS SiMALRYST the

interposen gubsHiRISIAYb@SS GAVALBSABpNE Rl FFanRIOM AN OHEMios AN dyrepularities in the
coplanarity between a semiconductor die and the interEoser substrate. 15 The flip chip semiconductor

device assemBRUfREYStEEEIR HIREROITAYEIEE e etV S s <BI8ET B br other

conductive ebﬂi@ﬁi@n@ﬂ?@ﬂ%’etﬂ@t%Hfﬁ@@&ﬁﬂlﬂﬂ@tﬁmﬁﬁ&&@%&ﬂi%‘%é@&%ﬁ%&%%ﬂ}e

conductive elements and the conductive bumJ[os of the semiconductor die. The solder balls act as
interconnects S0 compensate and act as a heigh

controller for any irregularities in the coplanarity
between a semiconductor die and the interposer substrate.

15 The flip chip semiconductor device assembly of the present invention may also
include relatively large solder balls or other conductive elements attached to a surface of
the interposer substrate, interconnecting with the conductive elements and the
conductive bumps of the semiconductor die. The solder balls act as interconnects to
another substrate, such as a printed circuit board. The flip chip semiconductor device

20 assembly may also be fully or partially encapsulated by an encapsulation material or, the
semiconductor die or dice may be left exposed.

The flip chip semiconductor device assembly of the present invention may also
be assembled at a wafer level, wherein a wafer scale interposer substrate includes at least
two different recess patterns. As such, the wafer scale interposer substrate may facilitate

25 assembly with different wafers having different conductive bump configurations which
correspond with the at least two different recess patterns in the wafer scale interposer
substrate. In this manner, optional wafers with different conductive bump
configurations may be attached face down to the interposer substrate with conductive
bumps on the wafer disposed and submerged in recesses formed in the wafer scale

30 interposer substrate. The wafer and wafer scale interposer substrate may then be
singulated or diced into individual flip chip semiconductor device assemblies. Partial

Encapsulation of these assemblies may be performed at the wafer level and optionally



another substrate, such as a printed circuit board. The flip chip semiconductor device 20 assembly
may also be fully or partially encapsulated by an encapsulation material or, the semiconductor die or
dice may be left exposed. The flip chip semiconductor device assembly of the present invention may
also be assembled at a wafer level, wherein a wafer scale interposer substrate includes at least two
different recess patterns. As such, the wafer scale interposer substrate may facilitﬁltpl\%%aﬁ% ly with
different wafers having different conductive bump configurations which correspond with the at least
two different recess patterns in the wafer scale interposer substrate. In this manner, optional wafers
with different cerBRietRbsshrspueifgbeatbAis s ayipdndiradhd dHacdidowmico rsaEASSS substrate
with conductivg, pRs,on the wafer disposed and submerged in recesses formed in the wafer scale
30 interposer substrate. The wafer and wafer scale interposer substrate may then be singulated or

diced into individual flpHIFRMAESHRARXG B Re AR e sliEoNPa HR ERH dapsliktisisritHese
assemblies may peiReriRTNRH AR Ml gvaRNHARINalYa1 e Mesah cQRR cBvoappisied

subsequent to being diced into individual flip chip semiconductor device assemblies. The interposer

substrate may!B@iRHek S Porhns AEIGAN OpspieriadiglasHicimantipigadagidna nekibiidsielectric
member and af,lzastiape, cRAGUGHVBIRABRES R daminalgddeaieiantieaatdensteng dexibipdiglectric

member may include a polyimide layer. The at least one conductive member is patterned into traces

by etching or pifREHE o HEURIR @Mk BRMIRSPNARTITE BSHRRIEtDE RS dPRatiANTIEEdS [9ERDhs in the
form of condugtiyg.pads inkeshRyde arndkive tEacssiadestiRads anfotBet senducivapads for

external connection of the assembly to other like assemblies or to higher level 10 packaging. The

multiple reces$seHETSHARRNFTERNfdhs e oMY M athaidike csranklipsLids Bighe drvehst one flexible
dielectric menhbﬁk@%/iﬁé?hmg,rﬂmﬁﬁﬂ&%k%”%f@Pn@dﬂﬁfHﬂE:&'i Bires@nlation andesedngach of the
e

recesses extend at least to a portion of a conductive element and are sized and configured to receive

the conductive’BUlAsHE Yrithet Kaiiepndasibledlislanadmempbadstishirgeciieisrb d8hingintion

may also be 15fpEmBE Qf 1atbErbMamROse s Astiskeomaterials s Ekding aaflesiRIsomRIEHRLS, such

as a BT resin, FR4, FR5 and ceramics. ] ) )
conductive element and are sized and configured to receive the conductive bumps on the

semiconductor die. The interposer substrate of the present invention may also be
15 formed of other interposer substrate materials, including non-flexible materials, such as a
BT resin, FR4, FR5 and ceramics.

The interposer substrate may comprise a single flexible dielectric member having
conductive layers comprising conductive traces on opposing sides thereof or may
comprise a single conductive layer laminated between two dielectric members. In either

20 instance, recesses may extend from either side of the interposer substrate through a
dielectric member to expose portions of conductive elements.

In another aspect of the present invention, the flip chip semiconductor device
assembly is mounted to a circuit board in a computer or a computer system. In the
computer system, the circuit board is electrically connected to a processor device which

25 electrically communicates with an input device and an output device.

Other features and advantages of the present invention will become apparent to

those of skill in the art through a consideration of the ensuing description, the

accompanying drawings and the appended claims.

30 BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the advantages of this



The interposer substrate may comprise a single flexible dielectric member having conductive layers
comprising conductive traces on opposing sides thereof or may comprise a single conductive layer
laminated between two dielectric members. In either 20 instance, recesses may extend from either
side of the interposer substrate through a dielectric member to expose portions of conductive
elements. In another aspect of the present invention, the flip chip semiconductor dle?’ﬁ% &15586‘%“3/ is
o : I .
mounted to a circuit board in a computer or a computep system. In the computer system, the circuit

board is electrically connected to a processor device which 25 electrically communicates with an input
device and an8YgpticaavEdWseFtfangd e nbedallantagele srtpdopraE Hie invartsnwhitngeadme

apparent to thgsg,pfiskiidn e arkthresgpARRPIARIAHIAN VhLRGSNSuUing description, the
accompanying drawm%s and the appended claims. 30 BRIEF DESCRIPTION OF THE DRAWINGS

While the specificatiohlEbrddtidissnntiicddras isandadHyt seiraaEnsnt ahen HITABHF SRIRYAS that
which is regarggghagdhe PreseRERYeaHeM iRE AdvIN@ARFtH IR dbMAR2QR6w -1 INMRREgN may be

ascertained from the following description of the invention when read in conjunction with the

accompanyingl@#eshAEC RS AR ETERSEr SRS RESEr BRI MO PES TRt BNFBGAIMent of an interposer

s_ubstrate i"USj“aﬁnQ Ryfirst @‘a‘%ﬁ%}ﬂﬁﬁ@if'&%&ds@c’iﬁﬁﬁ[‘@d@ivﬁﬁmﬁﬁ%ﬁﬁ%géﬁ%@ iﬁ?{ﬁ’@’.ﬁl!” b_r_oken 5
lines) formed in the interposer substrate according to the present invention; FIG. 2 is a simplified

cross-sectionall Sigfeatisigkatcaiersg wadmifiisieiriacqprdrapep sLHpiRe peddbedBIRIROTRSE surface

and a second syface-ofthrdiietpesehreshrtiaienierording to the present invention; FIG. 3 illustrates
mounting a first die and a second die face down to respective 10 first and second surfaces of the

interposer substrate B! frihi AU pheBRtieg Adifstatcdid desgeichilin faae doMni (5 PRE hYesent
invention; 51G sdsiisiraiesarplyiresdietaetitdilssenaissisl ot firaaliip aapricanesidas slevice

assembly according to the present invention; FIG. 5 illustrates testing the flip chip semiconductor
device assembIGVHCCHTARG Y5 ¢S BItRFRASAtiBention;

FIG. 4 illustrates applying dielectric filler material to the flip chip semiconductor
device assembly according to the present invention;
FIG. 5 illustrates testing the flip chip semiconductor device assembly according
15 to the present invention;
FIG. 6 illustrates mounting a flip chip semiconductor device assembly according
to the present invention to another substrate with conductive elements therebetween;
FIG. 7 illustrates applying encapsulation material with a dispenser and
encapsulation member to the semiconductor assembly according to the present invention
20 mounted to another substrate as shown in FIG. 6;
FIG. 8 illustrates a fully encapsulated flip chip semiconductor device assembly
mounted to another substrate as shown in FIG. 6;
FIG. 9 is a simplified top view of a second embodiment of an interposer
substrate according to the present invention, illustrating a first recess pattern and a
25 second, different recess pattern formed in the same surface of the interposer substrate;
FIG. 10 is a simplified cross-sectional side view taken along line 9 in FIG. 9;
FIG. 11 1s a simplified cross-sectional side view of a semiconductor die mounted
face down to an interposer substrate with conductive bumps disposed in one of the first
recess pattern and the second recess pattern to form a flip chip semiconductor device
30 assembly according to the present invention under test;
FIG. 12 is a simplified cross-sectional side view of multiple flip chip

semiconductor device assemblies of the second embodiment attached with conductive



FIG. 6 illustrates mounting a flip chip semiconductor device assembly according to the present
invention to another substrate with conductive elements therebetween; FIG. 7 illustrates applying
encapsulation material with a dispenser and encapsulation member to the semiconductor assembly
according to the present invention 20 mounted to another substrate as shown in FIG. 6; FIG. 8
illustrates a fully encapsulated flip chip semiconductor device assembly mounted i9 m%%eio%bstrate
as shown in FIG. 6; FIG. 9 is a simplified top view of @m@cond embodiment of an interposer substrate
according to the present invention, illustrating a first recess pattern and a 25 second, different recess
pattern formeclArpsBts Siiendiigaberebenuceiaribdbe bopstrntaterpaser sohstensigipiaied toss-sectional

side view taken AQRIIBSAIL K& rSinF Gt IS @ imRAfigd cross-sectional side view of a
semiconductor die mounted face down to an interposer substrate with conductive bumps disposed in

one of the first recesklfatlérit anintpbisscond ieweds shttd MeoimeH ARBRISCSRIRFESHBIEWR device
30 assembly aggRIAINGA] Hig NESERE MRYRNUADWDHES G it s L s B i RIfiRchGiPsRREStioNal side

view of multiple flip chip semiconductor device assemblies of the second embodiment attached with
conductive317 nsfeFeoso@atioresiarmeaiindRecéiRP tRE PPN e GATRIRSL DB EIFERSIE rposer substrate
attached to angpthgrisypstrate, according to the present invention; FIG. 13 is a simplified top view of a
third embodiment of an interposer substrate, illustrating a first, second, third (shown in broken lines)

and fourth (shown in bHokéft 5 Rrid@ptickop aiet it s i RROHBEHO 86 ABIMSERRE Taccording to the
present inventggsfatG.ifidsisaa simpified dopuvienvol i Rih ambRiMEntohandmerpeseal isubstrate,

illustrating first, second, third and fourth different recess patterns formed in a first surface of an
interposer subSff I RERHM HSTRRSBreBHE AR aRaRIHAD (R he PESIE™ LINSBIiMBd block diagram of the

semicondygtor assenpipty. gkthe, Q@ﬁﬁﬁé&%@ﬁ%&]‘ﬁﬁr&tﬂ%%ﬁl%ﬂuﬂé@f RIEMy folend 6 is a
simplified cross-sectional side view of a fifth embodiment of a semiconductor device assembly

according to tHEGSFESENSRIRMIRIRSLHRS in a computer system;

FIG. 16 1s a simplified cross-sectional side view of a fifth embodiment of a
semiconductor device assembly according to the present invention; and
FIG. 17 is a simplified side view of a sixth embodiment of a semiconductor

15 device assembly according to the present invention.

BEST MODE OR MODES FOR CARRYING OUT THE INVENTION
Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It would be understood that these illustrations

20 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 drawings figures retain the same numerical
designation.

25 FIGS. 1 and 2 depict a first embodiment of an interposer substrate 110 of the
present invention, wherein FIG. 1 illustrates a simplified top plan view of interposer
substrate 110 and FIG. 2 illustrates a simplified cross-sectional view of interposer
substrate 110 taken along line 2 in FIG. 1. Interposer substrate 110 includes a first
surface 112 and a second surface respective 114, wherein each surface may include

30 multiple recesses 120 formed therein and respective first and second die attach sites 142
and 144, respective first and second adhesive elements 152 and 154 provided on the

respective first and second die attach sites 142 and 144, and test pads 134 exposed



FIG. 17 is a simplified side view of a sixth embodiment of a semiconductor 15 device assembly
according to the present invention. BEST MODE OR MODES FOR CARRYING OUT THE
INVENTION Embodiments of the present invention will be hereinafter described with reference to the
accompanying drawings. It would be understood that these illustrations 20 are not to be taken as
actual views of any specific apparatus or method of the present invention, but arelmg{gllgheﬁ%gplary,
idealized representations employed to more clearly and fully depict the present invention than might
otherwise be possible. Additionally, elements and features common between the drawings figures
retain the samBratimefcaPawdigivativhobhefos surkise bldapidsechpst aribetiikeaf 8fean interposer
substrate 110 gfiths, Rreseot-ivengon, wherein FIG. 1 illustrates a simplified top plan view of
interposer substrate 110 and FIG. 2 illustrates a simplified cross-sectional view of interposer

substrate 110 taken dSpPAE subpiats. 110 drptssablyubutrage lmiedh éuadleniplesubsifiée 112 and a
second surfacg, [REARGHMEpbL4, WBSHAIR ATV HagedavnelHHe SR HHAPIS (8 SHaghfprmed

therein and respective first and second die attach sites 142 and 144, respective first and second

adhesive elemEMeueredaYeISAphEATEN TRIR Pk eonFstchNg Yarismes grnBgard sitdbe142 and
144, and test pagle h3fRrRasedd’ Mareh28Re.cddc IR AREyiBbesYBRIt sl swiface 112

and second surface 114 of the interposer substrate 110. Interposer substrate 110 is preferably, but

not limited to, SYfRsSEReasERbad WwREsEHMYEIpTat Qubytias A omRisna tlesiRl¢lanmmriedmember

136 disposed BsiwReNoSpePNHHEH S By SlisEACh PRMRISRA AR L Of canguciivaelemenys
configured as the aforementioned traces 130. The dielectric member 136 may be formed from any
known substrQtEShEeEYEFERPisHreteralify HSHRRTGLIN igy Y BleApR ba Medifd faminated

polymer ofgnolyjsaide iRy&s 1s#5AABY P FRrAdEReAR YIRS INEESIHGEN My AEABK A&kl

polymer-type layer. The interposer substrate 110 may also be made of a 10 bismaleimide triazine (BT)
resin, FR 4, FRI98PAGF 5t it starbiaiy: #8581 PaRAY 68 ifon-flexible material, such as a

ceramic or epoxy resippel fishgeasictivedayersrafe-aBfesanbaferasshal epRRSpRE a1kAPPEr alloy, but

may be any suitable electrically conductive material. The conductive layers may include
traces 130 extending to conductive pads 132 for connection to conductive bumps of a

15 semiconductor die, conductive pads 133 for use in externally connecting the interposer
substrate 110 and test pads 134 for electrical testing of the interposer substrate 110 with
one or more semiconductor dice connected thereto. Such traces 130 may be formed
subtractively as by masking and etching a conductive layer, additively by printing with
conductive ink, or by utilizing any suitable method known in the art. Once the traces

20 130 are patterned, a protective solder mask 138 may be formed and patterned over the
traces 130, leaving conductive pads 133 exposed for formation of conductive bumps
such as solder balls thereon. As implied above, the conductive traces, which may, for
example, comprise copper or a copper alloy, may be adhered to the dielectric substrate
member of UPILEX, BT resin, FR 4 or, FR 5 laminate material, or other substrate

25 materials, using adhesives as known in the art.

According to the first embodiment of the present invention, the first surface 112

and the second surface 114 of interposer substrate 110 each include multiple recesses
120 or vias formed therein in a preselected pattern and a predetermined sizing. Such
recesses 120 may be formed by patterning, utilizing a chemical wet etch or dry etch,

30 mechanical drilling or punching, laser ablation, or by utilizing any method known in the
art and suitable with the type of materials employed for the interposer substrate 110.

Optionally, the recesses 120 are preferably formed to expose at least portions of



may be any suitable electrically conductive material. The conductive layers may include traces 130
extending to conductive pads 132 for connection to conductive bumps of a 15 semiconductor die,
conductive pads 133 for use in externally connecting the interposer substrate 110 and test pads 134
for electrical testing of the interposer substrate 110 with one or more semiconductor dice connected
thereto. Such traces 130 may be formed subtractively as by masking and etching g W%QH e layer,
additively by printing with conductive ink, or by utilizing,any suitable method known in the art. Once
the traces 20 130 are patterned, a protective solder mask 138 may be formed and patterned over the
traces 130, leARguebenetyd PaokthagasesdSOd ibigb mitiorsomnedatiapetechitppse difctiags solder

balls thereon. AsimpliRch ABARHH GRRCUGTKRHRACS, YRIGT: May, 5%%5?{82??,@@ fGRIRANREFARPEr O &

copper alloy, may be adhered to the dielectric substrate member of , BT resin, FR 4 or, FR 5
laminate mateflhfhereserseslBitrate 25 materials, using adhesives as known in the art. According to

the first embodiment gf the REGRRAtIVEBHARN HdH AUTaEE 1R ArAdDe SECanRaUragsh 14 of

interposer substrate 110 each include multiple recesses 120 or vias formed therein in a preselected

pattern and a PfeBetePRaEEFERInG. BetRcre de8suscopdusitlg Badbimhedehpingtberingdifiiigng a

chemical wet QE_&J&IQ ety &Iﬁﬁh@tﬁréﬂ%&@_ﬁ@@' illingoe BHHQ@@aﬂ@%%nﬁQ@%@rba‘a"s by glizing any
method known in the art and suitable with the type of materials employed for the interposer substrate

110. OptionalRPRACHEa¥es o afEshrafdrapIy fomIsPed Estse8as 5 ABEPSRiBIsdesH 17 March 2006

-12- conductivg,padsr1i34 of thedrases 13tkaubion MeYbiRsRiiRstanaas.canprisadlsdvace ends. It
is also contemplated that electroless plating may, optionally, be formed on walls of the recesses 120.

In this mannerP#sch’éfahecrslneiive reedseLriheaserdsstsiaceddurbiinéernpesr Bibtigrbl0

specificallyy to ghe direRa Vi3 PhcandLctys, Radadwy Hafining, thadpadidriive ¢|px&!-15henagniductive
traces 130, conductive pads 132 and conductive pads 133 of a conductive layer on the first surface
112 may be inl@?a&ﬁﬁir&ﬁ%éallﬂlﬁ%&ﬁ?ﬁ@bé'aﬁlfbw@%%@fw% inteosBHuMSraks 1S BtRer

conductive tragags1i33, Q) HeGlike RRdHadOmtard YstiMe RAESbIS Ahhe SARARE pralace114 of

interposer substrate 110 10 by conductively plated vias 135, as known in the art. Such conductive
pads 133 m aya(.r)]él connected thereto by the conductive traces 130. The conductive traces 130 also

extend to test pads 134 proximate the periphery 116 of the interposer substrate 110, test

15 pads being located on one or both surfaces 112 and 114 of interposer substrate 110, as
desired. It will be understood that elements of the conductive layer on one side of
dielectric member 136 will be offset from those on the other side thereof in the areas
wherein recesses 120 are formed through dielectric member 136.

Each plurality of recesses 120 in the first surface 112 and the second surface 114

20 of interposer substrate 110 is formed in a preselected pattern to correspond with a
particular bond pad configuration formed on an active surface of a semiconductor die
for attaching thereto. In particular, the recesses 120 in FIG. 1 are configured in two
groups, defining a first recess pattern 122 and a second, different recess pattern 124
(broken lines), each to correspond with a peripheral semiconductor die bond pad

25 configuration, wherein the first recess pattern 122 may be on the first surface 112 of
interposer substrate 110 and the second recess pattern 124 may be on the second surface
114 of interposer substrate 110. The first recess pattern 122 is depicted to encompass a
larger periphery than the second recess pattern 124. That is, the recesses 120 of the first
recess pattern 122 are closer to a periphery 116 of interposer substrate 110 than the

30 recesses 120 of the second recess pattern 124. Other preselected recess patterns known
in the art and having equal utility in the practice of the present invention may, by way of

example, include an I-shaped pattern, a single or double central row recess pattern, or



located substantially directly below conductive pads 132 or, optionally, the conductive pads 133 may
be at various predetermined locations remote from conductive pads 132 and connected thereto by the
conductive traces 130. The conductive traces 130 also extend to test pads 134 proximate the
periphery 116 of the interposer substrate 110, test 15 pads being located on one or both surfaces 112
and 114 of interposer substrate 110, as desired. It will be understood that elemenﬁ RX#IF&% ggﬁguctive
layer on one side of dielectric member 136 will be offsgt from those on the other side thereof in the
areas wherein recesses 120 are formed through dielectric member 136. Each plurality of recesses
120 in the first&\rfaeess eheiRptsanseudidrfaceTapond andrisishseitlsas aetiadas formed in a

preselected paftgn JALREH? RO BN PRTliaHaLROM RRGeRNfiguratiap formad Ln 8y active
surface of a semiconductor die for attaching thereto. In particular, the recesses 120 in FIG. 1 are

configured in tHEMSESYRSSABBSIFRI B 48 ABcEH (RRIRhNa S uhcha sebeBh dCHRRGAE PBEHSY gRttern
124 (broken lineshSAGRIQICAHRIPOSHMINR RetiRharalsrmicnduaiRIdie PeRGRAELES1 20

configuration, wherein the first recess pattern 122 may be on the first surface 112 of interposer

substrate 10 aisd¥resisdasiberbedempHtessals SrHepbhe SHeHehsBedise eleribictiya Yemtéroser

substrate 110 -c'BHHeﬁfﬁi%' %Gﬁér?clﬁ%%fﬁbé@%i@ sepictedtace REGHEPSRR sivaerPiphedhanthe
second recess pattern 124. That is, the recesses 120 of the first recess pattern 122 are closer to a

periphery 116 GRIAIIPIEAPEIBNEE TRE0 FhHHAMOTO Tebutyed 1B0 se4pw sbEmbesessDattern 124.

Other pfeS@b(ﬁ@t@efﬁQM@é@eﬁﬁ%ﬁ indhgeait eRrahaving siakabriilitedesthaeraqtice.pfithe
present invention may, by way of exampl}é, include an I-shaped pattern, a single or double central row

recess patternt®t 9NRYe 0TS 13- any recess other pattern configured to correspond and match

with a anyjparticular prenicaepieiartia handipadicRRABALAN ol Seasicitiemethe. Meltiple 18gesses 120
themselves may be formed in any suitable shape, such as square, rectangular or circular, and may

include tapered s AN iFsstE e b hingyl sherscrned SieerbLbssspertieyapt fhfger than the

bottoms theregh{ARtiRnallystteugn. thesisesohaanductivyias §3ang R esting aandiieéive traces 130
on one surface of interposer substrate with conductive traces on an opposing surface of interposer

substrate 110,SPReHsES3e hrdinposed opatesiier PO Y Mraraieanyedfetl@dto a recess of
second recessi@pdefiN el BABRI second die attach sites 142 and 144 of the respective first and second

15 surfaces 112 and 114 of the interposer substrate 110 at a location or locations on such
surfaces unoccupied by the recesses 120. The first and second adhesive elements 152
and 154 may comprise any suitable adhesive material as known in the art, such as epoxy,
acrylic, or a polyimide adhesive. Both the first and second adhesive elements 152 and
154 may also comprise, without limitation, a dielectric tape such as a polyimide tape

20 bearing adhesive on both side thereof with the tape surface facing away from interposer
substrate 110 being covered with a release layer until adherence to a semiconductor die
is desired. Each of first and second adhesive elements 152 and 154 may preferably be,
but is not limited to, about 25 um in thickness.

Referring to FIG. 3, there is illustrated a first semiconductor die 160 and a

25 second semiconductor die 170 mounted face down to the first surface 112 and second
surface 114, respectively, of interposer substrate 110 to form a flip chip semiconductor
device assembly 180. Semiconductor die 160 includes an active surface 162 and a back
surface 164, wherein the active surface 162 includes a plurality of bond pads bearing
electrically conductive bumps 166 thereon. Such conductive bumps 166 formed on the

30 first semiconductor die 160 are arranged in a configuration wherein the recesses 120 of
the first recess pattern 122 in the first surface 112 of interposer substrate 110 are sized

and arranged to correspond with the bump configuration of the first semiconductor die



to a common test pad 134. 10 FIG. 2 depicts a first adhesive element152 and a second adhesive
element 154 disposed on the first surface 112 and the second surface 114, respectively, of the
interposer substrate 110. The first adhesive element 152 and the second adhesive element 154 may
be disposed on a center portion of interposer substrate 110 at respective first and second die attach
sites 142 and 144 of the respective first and second 15 surfaces 112 and 114 of tq%'

substrate 110 at a location or locations on such surfaggs unoccupied by the recesses 120. The first
and second adhesive elements 152 and 154 may comprise any suitable adhesive material as known

in the art, suchl 68 ¥ptiy thaepgresesr 12D oK isdsuatise dive apdthakenthagtiiecbsersntdadresive

elements 152 g mfhiRay ARG CAMPESE HUENAHEHMIREQR A dlieleetia [RE S @srairolyignide
tape 20 bearing adhesivé on both side thereof with the tape surface facing away from interposer

substrate 110 BetigoveredViithriaceIbadandydraskvatise refcevisisgehfastidaciasie 1R desired.
Each of first ang-garandadhesive Blﬁmp‘iiﬁ& bogiapdilodimpy RsaiRaRlY henfut7s frtdinitedto,

about 25 pm in thickness. Referring to FIG. 3, there is illustrated a first semiconductor die 160 and a

25 second SertiEBribeétst die ot wocerduactaebusms 1d arermed sirtheserondasanicusiigtodurface

114, _respectivghg_, 1oy BEVH‘Pé?gea%%@iﬁfﬂgjaQa%ff?%@r&iﬁ BRI SECNIUFtRE HRVice ;%ééé?‘smbly 180.
Semiconductor die 160 includes an active surface 162 and a back surface 164, wherein the active

surface 162 inBRItEER B2AIianesermeniritacss daiigteanossisabytespddlive Hardied sBargsdon. Such
conductive bu %&%A@%Mmﬁm&%ﬁe fsstisamicandraiosdisnkt@acoamansed in acnfigyration

wherein the recesses 120 of the first recess pattern 122 in the first surface 112 of interposer substrate

110 are sized Ba&esFrapy b BCTRHSHARAH khe Lk oG UYSTRIINGS thed s SBMRBRIYGor die
17 March g008yitdyr 18 thaktheukeeesses 120 on first surface 112 and the conductive bumps 166

are substantially a mirror image of each other. Likewise, the second semiconductor die 170 includes
an active surface 17 X8RdUBHCREIPRERO1M. IWRSHSHT R aearpe atffABEMT 2Ot AERIESS: plurality of

bond pads beagngRieei il SPRAUSIVERHAPSTHE StheraPof Asnautittetbedipstidie 460 1he

conductive bumps 176 formed on the second semiconductor die 170 are arranged in a configuration,
wherein the refEys@clyde) bripent dgpiierbieaay known suitable metals or alloys thereof, such as

lead, tin, copper, silver or gold. Conductive or conductor-filled polymers may also be
15 employed, although gold and PbSn solder bumps are currently preferred. The
conductive bumps 166 and 176 may be of uniform characteristics throughout or include,
for example, a core of a first material (including a nonconductive material) having one or
more conductive layers of other materials thereon. Conductive bumps 166 and 176 are
preferably formed on the active surface of each semiconductor die at a wafer level, but
20  such is not required. Conductive bumps 166 and 176 may be formed by metal
evaporation, electroplating, stencil printing, gold stud bumping by wire bonders, solder
reflow or any suitable method known in the art depending, of course, on the material or
materials selected for formation thereof.
As depicted in FIG. 3, interposer substrate 110 is mounted to the first
25 semiconductor die 160 and the second semiconductor die 170 to form flip chip
semiconductor device assembly 180, wherein such assembly 180 provides that each of
the first die 160 and the second die 170 and the respective conductive bumps 166 and
176 of first semiconductor die 160 and second semiconductor die 170 are substantially
received in a corresponding recess 120 of respective first recess pattern 122 and second
30 recess pattern 124 of interposer substrate 110 and electrically contact the bond pads 132
at the bottom of each of the recesses 120. The first and second semiconductor dice 160

and 170 may be initially attached by the first and second adhesive elements 152 and 154



pattern 124 in the second surface 114 of interposer substrate 110 are sized and arranged to
correspond with the bump configuration of the second semiconductor die 170 so that the recesses
120 on second surface 114 and the conductive bumps 176 are substantially a 10 mirror image of each
other. Conductive bumps 166 and 176 preferably comprise, but are not limited to, conductive balls,
pillars or columns. The material of conductive bumps 166 and 176 may include, bﬁ 1%5}9 I'g@d')tgd to,
any known suitable metals or alloys thereof, such as lead, tin, copper, silver or gold. Conductive or
conductor-filled polymers may also be 15 employed, although gold and PbSn solder bumps are
currently prefepfetheThat dishersondeswitpsps hEaAd zaamegbet ahihsintemasesisitsehroughout

orinclude, forgyample.chaare W sufitst maaral RIMding-apancNeuctye wasggal) having one or
more conductive layers of other materials thereon. Conductive bumps 166 and 176 are preferably

formed on the ¥&BiveRdN¢iRIIsT BALAnskhiBHdube Ridardedviréiasoatustive padichdi fidtaeRiuired.
Conductive bugas ihGRaRE148 MRYIPenterpace: Rysneal 1%84%9%9@5&& treiplating. atencil printing,

gold stud bumping by wire bonders, solder reflow or ?‘;2/ suitabie metho known in the art depending,
of course, &n tHOANLIEYRPENRNARNRIE $éfediethssiassiphanblistierant) Aulgsstee REIG. 3, interposer

substrate 110 i Rageiiecbioniierieshnd5 semicandustosdis kiR the RerepdmemiseRsiugtor die 170

to form flip chip semiconductor device assembly 180, wherein such assembly 180 provides that each

of the first die HEEPahES tHePBacBnd et Fihshdngibadssplcherdinp kprivtivie BismpInree'aHac76 of first
semiconductorglig 16Q1RRG SR SamIcongsishdiad T araritbstrntialy Jeee YeHddAds.

corresponding recess 120 of respective first recess pattern 122 and second 30 recess pattern 124 of

interposer substrate 110 #tleRUAtAgFedRRtRS s s ddigsel B8rhIdPeadheof the
recesses 120. ihRgpiet-anskaaronfhsg miconicion dics kbR arR il A e Reonitidhaatiaahed by the

first and second adhesive elements 152 and 154 17 March 2006 -15- on the first and second surfaces

112 and 114, sty meoyidsddsdresisretrate! 20135, damictshidive: Burbs-188cEnd 176 on the
respective first:aRgusacendscemiErnguetaipia dbm anchbiAHn AR b@m@ndsﬂet;@amﬁ

gonductive
pads 132 or trace ends in the recesses 120 of interposer substrate 110 by, for example, reflowing the
overlying the first and second surfaces 112 and 114 of interposer substrate 110 with a

stencil (not shown) patterned with openings corresponding with the patterns of recesses
15 and spreading the conductive paste 156 over the stencil to fill the recesses 120 in the
interposer substrate 110 with a spread member (not shown). The conductive paste 156
may include, but is not limited to, eutectic solder, conductive epoxy, or any conductive
material known in the art. The recesses 120 may be partially or completely filled, as
desired. Of course, the surfaces of interposer substrate 110 having recesses 120 opening
20 thereon may also merely be filled with conductive paste 156 and the excess removed,
without the use of a stencil.
In another method, the conductive paste 156 may first be disposed on the
conductive bumps 166 and 176 prior to assembling the respective first and second die
160 and 170 to the interposer substrate 110 by dipping the conductive bumps 166 and
25 176 in a pool of conductive paste 156 or by depositing, dispensing or otherwise
transferring the conductive paste to the conductive bumps 166 and 176. In still another
approach, conductive bumps such as 166 or 176, unattached to a semiconductor die,
may be disposed in the conductive paste 156 which is in the recesses 120 corresponding
to a particular recess pattern. A semiconductor die having a bond pad configuration
30 with a substantially mirror image of the particular recess pattern may then be aligned

with and bonded to the conductive bumps.



5 conductive bumps 166 and 176 (in the case of solder bumps) and/or curing the conductive bumps
166 and 176 (in the case of conductive or conductor-filled polymer bumps) as known in the art. Other
methods of bonding known in the art may utilized, such as ultrasonic or thermal compression, with
suitable conductive bump materials. To assist mounting and bonding the first and second dice 160 and
170 to the 10 interposer substrate 110, a non-solid conductive material in the forq}%l%d%nﬁb%tive
paste 156 may be provided in the recesses 120 as de g;ted in FIGS. 2 and 3. Such conductive paste
156 may be disposed in each of the recesses 120 by, for example, overlying the first and second

surfaces 112 and 114fsriensdsdiesemstestty e pasiit>a ssppRMeAGttBasariusHite MBaPiitAtpenings
corresponding \yifh 18e PALES PAT8 RSB L 3dreBraRdiRg evendistvRPaiedateuRY the

stencil to fill the recesses 120 in the interposer substrate 110 with a spread member (not shown). The

conductive pasts 16 andal/(hansideriacrs dePIrhiiarroseiBbticaebidt, Egrdgetibe epuligtiveany
conductive majiggial kKpua & the dinitaerRCEss 24 Er8dhe PR IAIVAF compltgly filled, as

desired. Of course, the surfaces of interposer substrate 110 having recesses 120 opening 20 thereon
may also Merdl)SE bRt oAbtV DattdnrsBsenia sighserfipiresaseivifioatene use of a

stencil. In anofhep RERIBRCNIAERLNAUGHYE RFHRN G IBAYTHRE BendirRRARShAB 186 icanductyg.bumps

166 and 176 prior to assembling the respective first and second die 160 and 170 to the interposer

substrate 110 By &ppints thed) bshueriie saripseerad 125 206 e prbicivedhimitilediste 156 or

by depositing, gigpenging Riuether Bﬁ%@pstr%@ﬁﬁ%wﬂ%tﬁ'ﬁd(%ﬁ@%ﬁﬁﬂ@ti%fg%{@ 1h6 £RPAH&E¥e bumps 166
and 176. In still another approach, conductive bumps such as 166 or 176, unattached to a
semiconductoPgisledrigyhseansstde Ridhd Yopiier endadbethesteanien i<0rPiHB P ERYSEes 120

correspon@ingsigsa-RartigylarRcess Ratiamividgemiconductor die having a bond pad configuration 30
with a substantially mirror image of the particular recess pattern may then be aligned with and bonded

to the conductive buntp¥ilh benpgitrpropriaied by enspibied, ithdearidbetvépatie e &ibiiements the
conductive bum%pkﬁﬁéﬁﬂdlfﬁiﬂrglﬁﬁmﬁﬁhmﬁ@&Miﬂ@@%@@%ﬁqa@smeeeﬁh@ﬂibs@}e first and
or1

second die 160 and 170 and the traces 130 of interposer substrate 110. Further, the conductive
substrate 110 itself when bonded to conductive pads 132, the height of the
semiconductor assembly 160 is minimized. Therefore, the conductive bumps 166 and

15 176 may be formed of a larger size than in conventional flip chip assemblies without
increasing the height of the flip chip semiconductor device assembly 180, resulting in an
increase of the electrical and mechanical reliability and performance of the
interconnections between the interposer substrate 110 and the first and second
semiconductor die 160 and 170. In addition, the first and second adhesive elements 152

20 and 154 (if used) on the respective first and second surfaces 112 and 114 of the
interposer substrate 110 as well as the conductive paste 156 in the recesses 120 (if used)
may compensate for any irregularities due to various conductive bump sizes, recess
depths and planarity variation in the surfaces of the interposer substrate 110 and the first
semiconductor die 160 and second semiconductor die 170.

25 Further, the recesses 120 in the interposer substrate 110 provide an inherent
improved alignment capability in comparison to a conventional flip chip type
semiconductor assembly because the conductive bumps 166 and 176 easily slide into
their respective corresponding recesses 120 to ensure proper alignment with conductive
pads 132 and proper attachment of first and second semiconductor dice 160 and 170 to

30 interposer substrate 110. For example, the recesses 120 may be formed in the interposer
substrate 110 to be approximately 125 pm in diameter or width and the conductive

bumps 156 formed on the semiconductor die 150 may be about 75 pm in diameter or



paste 156 ensures mechanical and electrical interconnection even if some of the 5 conductive bumps
166 and 176 are inconsistent in height or the recesses 120 are inconsistent in depth, i.e.,
non-coplanar, wherein the conductive paste 156 is disposed in the recesses 120 between the
conductive pads 132 and the conductive bumps 166 and 176. The conductive bumps 166 and 176
and the conductive paste 156 may then be bonded to the conductive pads 132 or tyel\gigrgﬁ%d the
recesses 120 of interposer 10 substrate 110 as previopsly described. It will be weI]I appreciated by one
skilled in the art that, since the conductive bumps 166 and 176 are substantially received within the
recesses 120 dfithe idterpdse disupsicare of theitsemitdR H asrfsame dasn HsCREs ISaESSIBY,| the height of

the semicondygtarazsRMiJER s fypimizashdlbglereiefbe sondusiivebimnslee and 15 176 may
be formed of a larger size than in conventional flip chip assemblies without increasing the height of

the flip chip setHigdRERfctor device assembly 180, resulting in an increase of the electrical and

mechanical reliability R0¢hB&HAHTA0C Of $ifefaRIERRREHRI RERVESN BE IR IROSRASYDStrate 110
and the first and second semiconductor die 160 and 170. In addition, the first and second adhesive

elements 152 2oPaRAM BLerPedan) BRAE Ve Jpristidd) find hsPREeBHEY SpRHed a1p1g BiscPariphsfihe
interposer subgtrade P RS Welhas thecepuativepagindae indhn tecarsemd2Q fisised) may

compensate for any irregularities due to various conductive bump sizes, recess depths and planarity
variation in the SRHHPAd8s epnAucihterpyses $0Bsnatb’ o1trersqtive Yirsthsahsibodstrbnat 1260 and

second semicopgHcRE Qxil%a%ZQla%@rFﬁh‘gféﬁraltP@%ﬁ?x@?&%‘@%%ﬁ%@sﬁﬂ%ﬁ%%Feﬁk'ﬁ&%tﬁ%%l10 provide

an inherent improved alignment capability in comparison to a conventional flip chip type
semiconductoHESEMbI 6eE%h%@XH@B&%tﬁl&iW‘@@ﬁnb@%€l%@f% YehiRP Siavihidheir respective

correspon@ingyReRSeSsIHEIAIGNIHIR P AR R IgRMERtMAEheandualive nRadsl 38oandypseper
attachment of first and second semiconductor dice 160 and 170 to 30 interposer substrate 110. For

example, the regRlib bamugans ferKRS BeBdHES sORENRUMGrdted 11 6e65 BESalStaRthiBsely 125
pm in diameteph Width @nektha condaatihHRBR hefifarsnes @nhe srrteRAUCRheielRP may be

about 75 pm in_diameter or 17 March 2006 -17- width. Thus, the dimensions of the recesses 120
accommodate fietdigndiowipaste may be used as the dielectric encapsulation material 182. The

non-flow material, which may comprise a thermoset or thermoplastic material, is applied
15 prior to assembly of the semiconductor dice to the interposer substrate 110. The film or
paste, or even a combination of the two forms, allows conductive bumps 166, 176 to
penetrate therethrough and effect an electrical connection. Suitable nonconductive films
include UF511 and UF527 from Hitachi Chemical, Semiconductor Material Division,
Japan. The encapsulation material 182 may be self-curing through a chemical reaction,
20 or a cure accelerated by heat, ultraviolet light or other radiation, or other suitable means
in order to form a solid mass in the recesses 120. Such encapsulation material 182
provides enhanced mutual securement of the components of assembly 180, precludes
shorting between conductive elements thereof, and protects the conductive elements
from environmental elements, such as moisture and dust. Further, compared to
25 underfilling of conventional flip chip assemblies, underfilling of the flip chip
semiconductor device assembly 180 of the present invention requires less time since the
encapsulation material is only directed to fill any gaps around the conductive bumps 166,
176 in recesses 120 and the area around adhesive elements 152 and 154.
FIG. 5 depicts testing the semiconductor assembly 180 of the present invention
30 and specifically testing for the electrical integrity of the interconnections between the
interposer substrate and the respective first die 160 and second die 170 as well as

functionality of the assembly 180 with test pads 134 provided proximate a periphery 116



dimensions and locations of the conductive bumps 156 therein, facilitating die alignment. As shown in
FIG. 4, a dielectric encapsulation material 182 such as what is 5 commonly termed an "underfill"
material) may be optionally applied along the periphery of the first die 160 and the second die 170
adjacent interposer substrate 110 to fill around the conductive bumps 166 and 176, respectively. The
method employed to apply the encapsulation material 182 is preferably by pressurligel\q q%p%b%ng
from dispenser 184, but may include any method knoy in the art, such as gravity and 1
vacuum-assisted dispensing. In this manner, the encapsulation material 182 may be applied to fill any
gaps around té BsrateEnoeeheirhpss bl A.78ushriesk Bads Broasmtnigrsonneeted suHtthestshdigecond

adhesive elemegys,ipc.anchthd 1 AIBIRARIENe 8-RQ-fiayLiln PR 19PHiiYRPSIE Bay be used as the

dielectric encapsulation material 182. The non-flow material, which may comprise a thermoset or

thermoplastic R4V esPEpPlRetPE6dfcPhasssimsyesTRReTs diconasbRr HisBdbahEthterposer
substrate 110-p¥5'8e£“1%2ﬁ3 (RS rLY S A GORINAIRE: BhLINEI VA, IS iR PWS CRAGHGHYVE (HMPS
e

166, 176 to penetrate therethrough and effect an electrical connection. Suitable nonconductive films
include UF511CQREUESRY S paripa i arosirial QerenddhrishawdalatsvisiohproBgan. The

encapsulation j’ﬁl@%@éﬁié&%%rﬂﬂ&%éﬁ%@ﬁ&%&hﬁ%&ﬁb@y%ﬁ ieRl E@ﬁ%&ﬂ’ 120 Q13 M rﬁ_@ggelergted
by heat, ultraviolet light or other radiation, or other suitable means in order to form a solid mass in the

recesses 120. Wikttt sridieang te0nshsvitRss dhhohdiinteRpicssebrEriehd BRthe
components ofass&mabAL 80 m&%&d&«sawimq)bﬁiw&ﬁalﬁg@%M%aﬁéqmméh%e%f@ﬂ@protects

the conductive elements from environmental elements, such as moisture and dust. Further, compared

to 25 underfillify B eBFFhadHal P taapiasiafisitel andesrmidserisentipeeridiséiféshductor device

assembly h30 gfthRcaresent inepsion seekites 198S e ainGe the centansiaticndmatatal is only
directed to fill any gaps around the conductive bumps 166, 176 in recesses 120 and the area around

adhesive elem¥Riangsy igtegling rpdderasicediestifgsthe semiconductor assembly 180 of the

present invention 30 g §|@|@%ﬁ%@ﬂﬂi§%ﬂﬂgs@ﬁf&&@@%ﬁa@bieéeaggi&hgfﬁhgdrmﬁ@ Reetipns between
the interposer substrate and the re%pective first die 160 and second die 170 as well as functionality of

the assembly 1BFWifth iedeToarRessE K duitrierhPadinatboh HtiBrelPrala TNt 26@erircuit

board, with conductive elements 192 therebetween. The flip chip semiconductor device
15 assembly 180 may also be stacked with one or more other superimposed semiconductor
assemblies 180 with conductive elements 192 therebetween, wherein the bottom
assembly 180 may be interconnected to terminals pads 194 substrate 190.
Interconnection of the conductive elements 192 to interposer substrates 110 may be
provided by bonding to the conductive pads 133 exposed on the either the first or
20 second surfaces 112, 114 of the interposer substrate 110. The conductive elements 192
may be bonded to the bond posts 133 prior or subsequent to dispensing the
encapsulation material 182.
Once the conductive elements 192 are bonded to the interposer substrate 110
and the encapsulation material 182 has been provided thereto, complete encapsulation of
25 the flip chip semiconductor device assembly 180 may be effected, as depicted in FIGS. 7
and 8. In particular, first semiconductor die 160 and second semiconductor die 170 may
then be either partially or fully encapsulated by an encapsulation member 186 with an
encapsulation material 182. In the case of partially encapsulating the first die 160 and
second die 170, an encapsulation material 182 may be dispensed by dispenser 184 about
30 the periphery thereof so that the back surfaces 164, 174 of the first die 160 and second
die 170 are left exposed. In the case of fully encapsulating the dice, encapsulation

material 182 may be provided by dispensing, spin-coating, glob-topping, transfer



-18- of the interposer substrate 110. Such test pads 134 are interconnected with the first die 160 and
second die 170 through the traces 130, bond pads 132 and respective conductive bumps 166, 176 so
that testing members 188 (one shown) such as test probes may be placed on a surface of each test
pad 134 and electrical tests performed by 5 conventional test equipment associated therewith (not
shown) to determine proper interconnection of the semiconductor assembly 180. Wﬁ/lﬁ%é %gg 134
may be placed on both the first surface 112 and secopgl surface 114 of the interposer substrate 110 at

the periphery 116 thereof on a portion of the interposer substrate 110 which is "off-site” from where
the first semicarldiisr RREMEOIAgPsRY A GBI iRsHEIvOdiB 17bcrE- 1D hotmestdhaisusberposer

substrate 110..3uch 465k RadSngoraliappRakiem it RNANGRMESLHRCING o Al p&r%ggtir‘eguces

cost. FIG. 6 depicts a fliﬁpgchi semiconductor device assembly 180 of the present invention

interconnected 8! téirifdrpd dicrggonghethe} Qibsh ataviboPeidedbtosditehlsard) Mt Ednductive
elements 192 HygreRefweaB.pktfli %&ﬁﬁmig@a%&@%é@m&? apaealY 18P mawnalso be

stacked with one or more other superimposed semiconductor assemblies 180 with conductive
elements 192 f5ePBB&kRdEA Pt totFrehigte M sty ataes eaeh 96 threhesihdiged to terminals

pads 194 subsfigaie dfkciitgscanpsetlign of the conductive elements 192 to interposer substrates 110
may be provided by bonding to the conductive pads 133 exposed on the either the first or 20 second

surfaces 112, 114 of {HEtd gk} demistranscrid enHod BRI QB LIBIHRRES 19SS DY 96nded to

the bond postsH33 QAT Bk SHRSSAVERLIR HisneNSing e £nsrpekiatian spateriald@Ls Pakgdhe
conductive elements 192 are bonded to the interposer substrate 110 and the encapsulation material

182 has been pfévitied theratb dEdpipnsiscsntapieingas #1ddtthd QipeHiptearEditdictsdbvice
assembly 180 R heeltasiemhi@s sepisedrindd GEiaileandoBe NRAIGSHIRIGTS aeMmigaegietor die 160

and second semiconductor die 170 may then be either partially or fully encapsulated by an

encapsulation SAPHEICIEEMARAT SR BHbInsHdeRAIMEP Ut ¢ 48 parhatly witespsulating

the first die 160 ja)dn 6814081 o AaQNcRRIAtIOR IMBENab R3NP aYPesispensed Ry dispenser
184 about 30 the periphery thereof so that the back surfaces 164, 174 of the first die 160 and second

die 170 are left'd e pdingdsans iRy enRssdumtiHpleHecrses eABApdeianads 234 on the

interposer substrate 210. As such, the second embodiment is substantially similar to the

15  first embodiment in many respects, except the interposer substrate 210 of the second
embodiment includes both a first recess pattern 222 and a second recess pattern 224
formed in the first surface 212 of the interposer substrate 210. It should be noted that a
recess 220 of the first recess pattern 222 and a recess 220 of the second recess pattern
224 each expose a portion of a common conductive trace extending peripherally

20 outward from a recess 220 of first recess pattern 222 and past a recess 220 of second
recess pattern 224 to a test pad 234.

As depicted in FIG. 10, conductive paste 256 may be provided in the recesses,
after which a semiconductor die 260 may be mounted and bonded to the interposer
substrate 210 as shown in FIG. 11 to provide a flip chip semiconductor device assembly

25 280 of the present invention. As in the first embodiment, encapsulation material 182
may also be dispensed along a periphery of the die 260 to fill the space around and
proximate the conductive bumps 266. Further, testing members 188 may also be used
to test the electrical integrity and functionality of the flip chip semiconductor device
assembly 280 by placing the testing members 188 directly on the test pads 234 exposed

30 proximate a periphery 216 on the first surface 212 of the interposer substrate 210. Such

a locale for testing pads provide easy access and reduce the cost for testing.



material 182 may be provided by dispensing, spin-coating, glob-topping, transfer 17 March 2006 -19-
molding, pot molding or any suitable method known in the art. It is preferred that such encapsulation
material 182 be applied to the back surfaces 164 and 174 of the respective first die 160 and the
second die 170 (which may be provided at the wafer level) prior to dispensing encapsulation material
182 about the periphery of first die 160 and the 5 second die 170 in order to facilitﬁlzel\ljﬂll}gh 2006
encapsulating each of the dice in the semiconductor ggsembly 180. FIGS. 9 and 10 depict a second
embodiment of the interposer substrate 210 of the present invention, wherein FIG. 9 illustrates a top

plan view of a first redssoysh A thopraseatdmeadion, Hiffdrshand cesenskiteens PR F2A¢anh

illustrates a cross-Feafional _%Qr?él@@MQWHB@EM?‘J&?%%M%%&%@&%@&% lgpgdipe 10 in FIG. 9.
As in the first embodiment, interposer substrate 210 includes a first surface 212 and a second surface

214, an adhesiE RSP BIeOIIdHRT difiereittatte sid/onditarens MEtRsdrfasdi 22ty Mates 230
extending from, e DAfomsRumE R eHE ARSI P rAcOaieshRAss 3B he  KisiRRsefdipstrate 210.

As such, the second embodiment is substantially similar to the 15 first embodiment in many respects,

except the IntetddessBEHSEDY P efsthrtetbhd andubaitpeditdAersaeBbsH2Arsthdicess pattern

222 and a secepd £R:ESR Bﬁ&@@i&?ﬂafﬁél}??&ié&ﬂ&@}ﬁﬁ%%’i ohal RS BRg-RLeIRaaREgybstrate 210. It
should be noted that a_recess 220 of the first recess pattern 222 and a recess 220 of the second

recess patternSP e ek aPdniths rd eohrAtneabibe&tres 1o bt stk 3€ripherally 20

outward from %Jﬁﬁgﬁﬁea%) &Jbﬁfﬁt'i@ﬁlﬁ_%%lﬂ [eE1y 282ARIRAIRIIBGPS B ERPs UGS recess pattern
224 to a test pad 234. As depicted in FIG. 10, conductive paste 256 maé be provided in the recesses,

after which a W@H@Wr‘ﬁ%zégé%g?ﬁ@%wﬁté‘&%ﬁﬁ Poheedeslindthbepbasiediatidivate 210 as
shown in [IG. ddid@pravddaq flircsin sEOT eSS e ViR BRseTBIYARR 80 @tthe present

invention. As in the first embodiment, encag)sulation material 182 may also be dispensed along a

periphery of thi e DB ¢TI EHa 28 rb PN bBYGHHRR PRV iU SRR D66. Further,
testing membqr&ﬁ@@e@ﬁym@eﬁﬁdﬁwﬂiﬁc&ﬁ@ﬁtﬁg@%ﬁgyical integrity and functionality of the flip chip

semiconductor device assembly 280 by placing the testing members 188 directly on the test pads 234
exposed FIG. 12 depicts the semiconductor assembly 280 of the second embodiment
stacked with one or more other assemblies 280, wherein the bottom assembly 280 is
15 interconnected to a substrate 290 with conductive elements 292 therebetween. The one
or more other assemblies 280 may include a semiconductor die 260 with a bumped
configuration to fit either the first recess pattern and/or the second recess pattern. As
such, the first and second recess pattern 222 and 224 on the first surface 212 of the
interposer substrate 210 provides optional attachment of different sized semiconductor
20 die and/or semiconductor die with differently sized and configured recess patterns for
mounting to a common die attach site 242 on the interposer substrate 210.

As in the first embodiment, the semiconductor assembly 280 attached by
conductive elements 292 to the terminal pads 294 of substrate 290, either stacked with
other assemblies 280 or individually on the substrate 290, may then be either fully

25 encapsulated or partially encapsulated by an encapsulation member 186 and/or by a
dispenser 184, as previously described in FIGS. 7 and 8.

FIG. 13 depicts a top plan view of a third embodiment of the interposer substrate
310 of the present invention. As in the first embodiment, interposer substrate 310
includes a first surface 312 and a second surface 314 with a respective first adhesive

30 element 352 and a second adhesive element 354 thereon, and traces 330 extending from
multiple recesses 320 to testing pads 334 exposed on first and second surfaces 312 and

314 of the interposer substrate 310. Each adhesive element 352 and 354 is provided on



30 proximate a periphery 216 on the first surface 212 of the interposer substrate 210. Such a locale
for testing pads provide easy access and reduce the cost for testing. 17 March 2006 -20- According to
the present invention, the first and second recess patterns 222 and 224 in the first surface 212 of the
interposer substrate provide versatility in that semiconductor dice of different size and/or different
bumped configurations may optionally be mounted to the first surface of the interqgsiglrais&p%@éte.
Such versatility 5 provides that the first recess pattern422 and the second recess patterns 224 share
a common die attach site, namely, die attach site 242, optionally bearing an adhesive element 252.

Further, as in thEfitstieaitashisHent Hiadacesond drmppshsiredddh@ndspmrsinaafiiessimskasnrdy
completely feCﬁJYﬁé@@‘iQ%ﬁ%W@&HHﬂ@?@s@@ QItie S8MICHAULIR! Hie Pl SATD@HLIBE: acting surface

262 of the die 260 lies immediately 10 adjacent the first surface 212 of the interposer substrate 210.

As such, the SémigsiRIthadH Hp BDIBMABY IS BERSIFISANDMDHGIRosC Tabritse Hidlght
compared to cRVEICNAbHiRENP iAsRRINDISS: S e I-danicithe semigandustrassgphivss0 of the

second embodiment stacked with one or more other assemblies 280, wherein the bottom assembly

280 is 15 iAterédAme e ditst sustisstAl@ dabainiemoneitting e Adadbathirbressst et one or

more other_ assambkes4tRaaaypinEHieR ﬁ‘?EHE%@HG@M’A@&QQHMH@?&Wsﬁ%@ﬂ@tion to fit
either the first recess pattern and/or the second recess pattern. As such, the first and second recess

pattern 222 and#hgron e fitbestysslanen branedinferonderdbenye slemay prodiadssopebesdre
attachment of diffgrantsizedSeRpeRNEOr2Rdiso AT seipicandyriek digyvuth differeptiymsized and

configured recess patterns for mounting to a common die attach site 242 on the interposer substrate

210. As in the THEResnbdomitheiersEinr SR ITs s BRSO sorinese Aéd By dbhdnesveridments
292 to the termpipal Ragls 294, of substrate 290, either stacked with other assemblies 280 or individually
on the substrate 290, m%éhen be either fully 25 encapsulated or partially encapsulated by an

encapsulation membér 8EISKd/B Bla | didpeserss 1834 2 p GBI P eRsS A diA 2 &, eand 8. FIG.
13 depicts a toR RJad ews Fatdhirsbempydinant eftiewiteregrer eHpstratess3 fnohth@ipgesent

invention. As in the first embodiment, interposer substrate 310 )
recess pattern 324 and the fourth recess pattern 328. Further, the recesses 320 in the

first recess pattern 322 may be relatively more inwardly disposed with respect to the
15 recesses 320 in the second recess pattern 326. Likewise, the recesses 320 in the third
recess pattern 324 may be relatively more inwardly disposed with respect to the recesses
320 in the fourth recess pattern 328. With this arrangement, interposer substrate 310
provides versatility to mount different sized die in a stacked arrangement on a single
interposer substrate 310. That is, the interposer substrate 310 of the present invention
20 provides that various sized semiconductor die and/or semiconductor die having different
conductive bump configurations may be optionally mounted on both the first surface
312 and the second surface 314 of the interposer substrate 310. Further, such optional
mounting of semiconductor dice provides that the first recess pattern 322 and second
recess pattern 326 share a common die attach site, namely, die attach site 342 as well as
25 common conductive traces 330 extending to a set of test pads 334. Likewise, the third
recess pattern 324 and the fourth recess pattern 328 also share a common die attach site,
specifically, die attach site 344 as well as common conductive traces 330 extending to a
set of test pads 334. The mounting and bonding of the first and second dice may be
effected as previously described with respect to the first and second embodiments of the
30 present invention.
Further, as in the previous embodiments and as noted above, interposer substrate

310 includes test pads 334 fanned out from recesses 320 proximate a periphery 316 of



includes a first surface 312 and a second surface 314 with a respective first adhesive 30 element 352
and a second adhesive element 354 thereon, and traces 330 extending from multiple recesses 320 to
testing pads 334 exposed on first and second surfaces 312 and 314 of the interposer substrate 310.
Each adhesive element 352 and 354 is provided on 17 March 2006 -21- a first die attach site 342 and
a second die attach site 344 on respective first and second surfaces 312 and 31419f1\iﬂ?crl?9666
substrate 310. As such, the third embodiment is also g milar to the first embodiment in many respects,
except the interposer substrate 310 of the third embodiment includes both a first recess pattern 322

and a second FBeERespattiata360nHeripesed pradee 3ot srEfsntbtsnedrdhp saerpdsafashd a third

recess patternyja4,aAe SR FarASSIRED 3R, M IRERRAPRFSMIRGR A e JRIRIRGSETybStrate
310. Further, a first adhesive element 352 and a second adhesive element (under first adhesive

element 352) ARECENSpISBRBIRE SbRieh Psriion Bifacpativadiat tbafacend sprieg ddtdhrrealirface 314
or another porfign.an thesfiish ang §&9@m1§w{a§a§v§é¥a§§&%%ﬁ4§2%%s%q b Q¥ IRERSSRS 120. As

depicted in FIG. 13, the recesses 320 in the first recess pattern 322 and the second recess pattern
326 may bé stitj§Bralr Hithdelisie b iHegrdycdsbs imtaeennertieerebe et heemisaidne dburth

recess pattern 38, ddithehdiR tecaasgma2 in the first recess pattern 322 may be relatively more
inwardly disposed with respect to the 15 recesses 320 in the second recess pattern 326. Likewise, the

recesses 320 in the thifd- técdaighatétn Bon Wil pearEratheinhnstieniinardhe #Foessr with respect to
the recesses 320\ip{be fowithESSessPalINIaRS AVl ieis Aranesmeeh MERRsEr Sihstiate 310

provides versatility to mount different sized die in a stacked arrgrﬁgement on a single interposer

substrate 310.4tRdpfdudse Hfterpistics i ang 3Ry rdnEeseht Wi bes iosemsthdt Yarious
sized semigonggierrAie anies Semisenaicion sie-Ravime ditareuepndncivepumnsantiggrations

may be optionally mounted on both the first surface 312 and the second surface 314 of the interposer

substrate 310.h2dptfiét, Spaedtibis b iings dr SthibeipiGERe didebpiaidEd thas thshirdicrecess

pattern 322 anggegefitho @RS RaRIMBRABOAIS 3 ,A00UMA LR AHACKSIBcRaely: die attach site
342 as well as 25 common conductive traces 330 extending to a set of test pads 334. Likewise, the

third recess paHemRPaYsubr itk Rhthsdeuah sidadpenhiagludena QrabirrftrPaiisBitich Lite,

second recess pattern 426, a third recess pattern 424 and a fourth recess pattern 428
15 each formed in the first surface 412 of the interposer substrate 410.

As depicted in FIG. 14, the recesses 420 in the first recess pattern 422 and the
second recess pattern 426 may be staggered with respect to the recesses 420 in the third
recess pattern 424 and the fourth recess pattern 428. Further, the recesses 420 in the
first recess pattern 422 may be inwardly located with respect to the recesses in the

20 second recess pattern 426 opening onto the same conductive traces 430. Likewise, the
recesses 420 in the third recess pattern 424 may be inwardly aligned with respect to the
recesses in the fourth recess pattern 428 opening onto the same conductive traces 430.
With this arrangement, interposer substrate 410 provides versatility to mount different
sized die thereon. That is, interposer substrate 410 provides versatility in that various

25 sized semiconductor dice and/or semiconductor dice having different conductive bump
configurations may be optionally mounted on the first surface 412 of interposer
substrate 410, wherein each recess pattern includes a common die attach site 442. The
mounting of the semiconductor die may be employed as previously described with
respect to the first and second embodiments of the present invention.

30 Further, as in the previous embodiments, interposer substrate 410 includes test
pads 434 fanned out from recesses 420 proximate a periphery 416 of interposer

substrate 410 and exposed on the first surface 412 of interposer substrate 410. Test



specifically, die attach site 344 as well as common conductive traces 330 extending to a set of test
pads 334. The mounting and bonding of the first and second dice may be effected as previously
described with respect to the first and second embodiments of the 30 present invention. Further, as in
the previous embodiments and as noted above, interposer substrate 310 includes test pads 334
fanned out from recesses 320 proximate a periphery 316 of 17 March 2006 -22- inﬁﬁ@l%?@é %trate
310 and exposed on the first surface 312 and/or the sggond surface 314 of interposer substrate 310.
As such, subsequent to mounting semiconductor die to interposer substrate 310 on the first surface
312 and/or theP88e4Ad Grfach SRS KRV QHECRSS IMHRY Hipae i SeniicBitdudor deseR assembly may

be tested to detgyminedhe hmskhRNcahROH IO IRR INtRO N Qh RS INigrCoPRRGRRS between the
semiconductor dice and the interposer substrate 310. FIG. 14 depicts a top plan view of a fourth

embodiment of¢hetititetpOstic smbingdlipohyT srispasEstahdengess YHeagr e éehtsddfiment,
interposer subsfiaie fdClReiHeRS AdRhaLage1hl ARk ac-e6 Hacarthldiih @padhesive

element 452 10 on the first surface 412, and traces 430 extending from multiple recesses 420 to
testing pads 438HaLEpAHEHR: surricEeoPET oy shterpbdernssbitriie rsbandssseRid the fourth
embodiment isgigylamigthe first embodiment in many respects, except the interposer substrate 410
of the fourth embodiment includes a first recess pattern 422, a second recess pattern 426, a third
recess pattern 424 andi®iguiththacdephedin u28 ebtha oo ietMAAtiEsRst-SHFFANETRIEf the

interposer subgfRieafklor his gl%ﬁ’é%@ﬂ\j@n'ﬁtﬁ-rﬁé‘y the recessesilatnthafirst vecesreratiere 422 and
the second recess pattern 426 may be staggered with res%ect to the recesses 420 in the third recess

pattern 424 an@EIRRSItHbREEe S sattaler ao8e piriResciiebesdsdasndes it st firg fbdesdibattern

422 may he inyiaedbplacaind Withuasrectiathe e aseasol tREARE soNdieRaR RALKBIY26 opening
onto the same conductive traces 430. Likewise, the recesses 420 in the third recess pattern 424 may

be inwardly aliyHE At SpRiet 1d NS SHESEas TS dSOnH Febienh AtEh B SN tBriks the

same conductiygdiacRentfferMithetis RHRAES AR WHRIPRER! publpbaieAbiRreVidemiersatility to

mount different sized die thereon. That is, interposer substrate 410 provides versatility in that various
manner, optional wafers with different bumped configurations may be attached face

(active surface) down to the wafer scale interposer substrate with conductive bumps on
15 the wafer disposed and substantially received in recesses formed in the interposer

substrate. The wafer and interposer substrate may then be singulated or diced into

individual semiconductor assemblies. Partial encapsulation of the semiconductor dice on

the wafer or wafers may be performed at the wafer level and completed subsequent to

being diced into individual flip chip semiconductor device assemblies according to the
20 present invention.

As illustrated in block diagram form in FIG. 15, an exemplary flip chip
semiconductor device assembly 580 of the present invention as previously described
herein with respect to various embodiments, mounted to a circuit board 590, such as
previously-discussed substrate 190, in an electronic system, such as a computer system

25 502. In the computer system 502, the circuit board 590 is connected to a processor
device 504 which communicates with an input device 506 and an output device 508.
The input device 506 may include a keyboard, mouse, joystick, cell phone, PDA system,
or any other electronic input device. The output device 508 may include a monitor, a
printer, a storage device, such as a disk drive, a cell phone, PDA system, or any other

30 electronic output device. The processor device 504 may be, but is not limited to, a

microprocessor or a circuit card including hardware for processing computer



25 sized semiconductor dice and/or semiconductor dice having different conductive bump
configurations may be optionally mounted on the first surface 412 of interposer substrate 410, wherein
each recess pattern includes a common die attach site 442. The mounting of the semiconductor die
may be employed as previously described with respect to the first and second embodiments of the
present invention. 30 Further, as in the previous embodiments, interposer substraﬁ%ﬂgréﬂc%ggs test
pads 434 fanned out from recesses 420 proximate a pgfiphery 416 of interposer substrate 410 and
exposed on the first surface 412 of interposer substrate 410. Test 17 March 2006 -23- pads 434 are
each commonifs e iRite sy dshitienaks taicEHB WA i Elesroni sy aeh Sushised CRRPESCHO IR

semiconductorsgieda thediratshifagn 44 @b IIRPasaESkalrate 410, the resulting flip chip
semiconductor device assembly may be tested to ensure that electrical interconnection has been

successfully made an¥icsatistbetsRIdimenbabiity sRiBRENteD dedentsed! prdilisudly Aitherespect to
the first and segqRsh AMadiRRBISLBIRIRIdRINALARSSEIRES R S0k ofhERRVIgHS embodiments, the

interposer substrate of the present invention may also be assembled at a wafer level, wherein the

interposer Substsiiphedihstaiese Ancidielsssde mgipberaecligeorduetye txsumerdst 10 recess
patterns. As syaltethedwatieh ?ﬁ%'@%%%ﬁﬁ%ﬁf@&@s@% Raiitate assamtle gﬁiﬂi’é‘ chifeantyvafers

having different bumped configurations which correspond with the at least two different recess

patterns in theWafSPERAIECiHRSHHBAE: stbRtPSE Y Ehid HHENHITObIRFSHEP WA RA BiftdENnt bumped

configurations gpayha RUACHRIINGS oBeting stufaca) Aewnie ine WalaI-ecRle tefpgsss substrate with
conductive bumps on 15 the wafer disposed and substantially received in recesses formed in the

interposer subiSEEgEdmie vhfel Arfd i lrpois sdbstrdito g disdir B sisgtheidd drticed into

individual ﬁﬁmiﬁﬁﬂdéﬁ%ftﬁai%@mi%rﬁ&ﬁ&?' &aﬁ%@w!ﬁé&?a{ hipRRIusPRAWRIER dic&-ofy the wafer or
wafers may be performed at the wafer level and completed subsequent to being diced into individual
flip chip semicBifeRTs MEMBET ASSePRBRROSRE SRR GentHe e Brestrit ibeshitls IRkt ited in

block diagram fgiRbindled. LReay &¥@plany hie sibrseiisdndurtps HaMIae %S aBRINp863ef the
present inventi(?rnf(z)ar?ngaeivni %lfllglgrdb%stﬁril?ggctric member 636 after the laminated structure of
interposer substrate 610 is formed.

15 As also depicted in FIG. 16, a first semiconductor die 660 and a second
semiconductor die 760 are respectively connected to conductive traces 630 by
conductive bumps 666 and 676, which extend into recesses 620 to contact conductive
pads 632. A conductive paste (not shown) may be disposed in recesses 620 or
conductive bumps 666 and 676 dipped therein to enhance the connections between

20  conductive bumps 666, 676 and the conductive pads 632 at the bottoms of recesses 62,
as previously discussed with respect to other embodiments. Furthermore, semiconductor
dice 660 and 670 may be respectively adhered to exterior surfaces of interposer
substrate 610 by adhesive elements 652 and 654, again as previously discussed. If
desired, a dielectric encapsulant material 682, which may be any previously disclosed

25 herein or otherwise suitable for use, may be introduced between each semiconductor die
660, 670 and its adjacent dielectric member 636 to fill the standoff area therebetween as
well as any portions of recesses 620 unfilled by conductive bumps 666 and 676. Further,
and if desired, semiconductor dice 660 and 670 may be encapsulated about their
peripheries and back sides as shown in broken lines to provide a fully encapsulated

30 package 680. As with other embodiments, enlarged conductive bumps may be formed

at appropriate locations on one or both sides of interposer substrate 610 through other



herein with respect to various embodiments, mounted to a circuit board 590, such as
previously-discussed substrate 190, in an electronic system, such as a computer system 25 502. In
the computer system 502, the circuit board 590 is connected to a processor device 504 which
communicates with an input device 506 and an output device 508. The input device 506 may include
a keyboard, mouse, joystick, cell phone, PDA system, or any other electronic inpngﬁ\ﬂr?ﬁ. B'G% output
device 508 may include a monitor, a printer, a storagg gevice, such as a disk drive, a ce p%wone, PDA
system, or any other 30 electronic output device. The processor device 504 may be, but is not limited

to, @ microprotessswsisan a diedentreareeinbridiAG feacanasstfon pfobe seiigunivgiataley CaRSHR2D06 -24-

instructions. AggifignahsirpsiviedobAR alestrRRic.BYseMnetchodsa computer system 502 would be
readily apparent to those skilled in the art. Yet another embodiment of the present invention is

depicted in FIG. 16 oftHEURhGRSE R A ntarossisimaraka B 8 cenmisisbdtds sositsgielatsddbative layer
5 sandwiched g fY4eHIS BRliF RRMRELSRB0 cJB RORL U HIMEHRY SR RS uBRTAINRSHpTO a

plurality of conductive traces 630 including conductive pads 632, which may comprise trace ends,

exposed throudtrhGomianty ol Feis deaing Zodisleatiis trnle 1Bt RReldbsTeRvaYAHERS B8BgiEis
contemplated thatithe conduetiyelav@umawbe Rig\ided ar-ahast-ordiin 0f caprsj-adhered to one

dielectric member 636 and 10 conductive traces 630 formed by etching the copper, subsequent to

which a secontMplielsdttit ildsthiBiSEPespeTiPivtie sk akRAssAlivg R ha PESCARABFIHMe MYention is

not so limited. &%ﬁ%‘l%}ﬁeﬁ%m&@ argfarmecia enaQr et sisteckicrme paris &30 aigkifarmed in
one or both dielectric member 636 after the laminated structure of interposer substrate 610 is formed.

15 As also deﬁ&Fé@iﬂﬁG. 16, a first semiconductor die 660 and a second semiconductor die 760 are
respectively connectgddp cPaepetyEnliAcPR3 shYsERedualive RUMRS 6t Gifievvhighiextend into

recesses 620 to contact conductive pads 632. A conductive paste (not shown) may be disposed in
recesses 620 SPNEYRUVRARNS hefmelsete RiRE 675 | NS p EH RSSO B ACE TN S HECREBE Hetween

20 conductive RyBNR £G61R 40 anch s ¢RBAURLWR PRASASZ AYthedoPttwNG 8 racRIsam2, as

previously discussed with respect to other embodiments. Furthermore, semiconductor
semiconductor dice 760a and 760b therebetween and a third semiconductor die 760c on

portion 710a. All three semiconductor dice 760a-c are flip-chip configured with
15 conductive bumps 766 projecting therefrom into recesses (not shown for clarity) in
interposer substrate 710 as discussed with respect to previous embodiments. The
standoff areas between each semiconductor die 760 and its adjacent portion of
interposer substrate 710 may be filled with an encapsulant material 782, as may the
peripheries and back sides of the semiconductor dice 760a-c, and the bight area 790 of
20 the fold between interposer substrate portions 710a and 710b. Enlarged conductive
elements 792 may be employed to connect the interposer substrate 710 to higher-level
packaging, such as a carrier substrate in the form of a printed circuit board. Exemplary
folded interposer substrate package 780a results. Folded interposer substrate package
780a may be formed by respectively connecting semiconductor dice 760a and 760b to
25 the same side of interposer substrate 710 in unfolded or planar form over then-laterally-
adjacent portions 710a and 710b, then folding the substrate 710 and adhering
semiconductor dice 760a and 760b back-to-back, after which semiconductor die 760c is
connected to interposer substrate portion 710b and encapsulation and bumping with
enlarged conductive elements may be completed. Semiconductor dice 760a-c may be of
30 the same type or origin or of different types or origin, as desired, and perform the same

or different functions.



dice 660 and 670 may be respectively adhered to exterior surfaces of interposer substrate 610 by
adhesive elements 652 and 654, again as previously discussed. If desired, a dielectric encapsulant
material 682, which may be any previously disclosed 25 herein or otherwise suitable for use, may be
introduced between each semiconductor die 660, 670 and its adjacent dielectric member 636 to fill the
standoff area therebetween as well as any portions of recesses 620 unfilled by colnplgﬁggﬁ mps 666
and 676. Further, and if desired, semiconductor dice §g0 and 670 may be encapsulated about their
peripheries and back sides as shown in broken lines to provide a fully encapsulated 30 [)ackage 680.
As with other embodiMEHEstherEgtad ByppiRtivehaepdipslapaskifoaiae oheeppropivaglBations on
one or both sideafiiErROSRT SHPRIRERAAN REN HBRTdA MRIANOR6.A2R11TSEESRESN R

dielectric member 636 for connection of the semiconductor device package 680 to other packages or

to a carrier sulSRERE DGR H) Y FRtIRI I NStAOIdHB SEmSdidiest dplstiong a8 GBOIHMRIEOBS, (R is

contemplated EH@H@&B@&?&HH&%%&%hﬁa@xrﬁé%%&é’@Wi%u@@l@ﬂ%ﬁ‘éfggf%ﬂleﬁﬁgL%BE%P%@'V substrate

using 5 dual conductive Iai/ers having a dielectric member interposed therebetween or a single

conductivedlayBIViftd Pasdderetivo JiRikaic RO RIy befdipielenay bheorakieed a folded

interpqser SUbﬁftﬁ%@?&@@ﬁo@i&%ﬁ@r@?ﬁﬁﬁiﬁﬁﬁﬁiﬂ @H@E‘&E’é}: SMhEXSBRIRRY. GF‘BP@PAH&EEES of a
dual-sided folded interposer substrate packages is disclosed in FIG. 17. 10 FIG. 17 depicts an

interposer sub&rEtEey 2D RHRM e betipeRieths eoabancdontibchesaesit gransgtecabnductive
layer interposey guPairateRSEOrHNG o the RteseREripvsntiemdoldar evak waastsalidnHwo portions
710a and 710b, with back-to-back semiconductor dice 760a and 760b therebetween and a third
semiconductoPefienfetEiase potiRHPIoRsCAN PSR SBIRYCaRIEEY tifcserB 0ateHre fipsi ¥hfigured

with 15 copduglivoBHBIREEOSHAIRIARING, BETSHOMNth rBeasae ST ShRNE 1Ak slrthd dnrfierposer
substrate 710 as discussed with respect to previous embodiments. The standoff areas between each

semiconductoP8Be7BICERRISEs B HRKNOp SRIST M ST s RERE e RS B filled with an
encapsulant material 782, as may the peripheries and back sides of the semiconductor dice 760a-c,
and the bight area 790 of 20 the fold between interposer substrate portions 710a and 710b. Enlarged
conductive



elements 792 may be employed to connect the interposer substrate 710 to higher-level packaging,
such as a carrier substrate in the form of a printed circuit board. Exemplary folded interposer
substrate package 780a results. Folded interposer substrate package 780a may be formed by
respectively connecting semiconductor dice 760a and 760b to 25 the same side of interposer
substrate 710 in unfolded or planar form over then-laterally- adjacent portions 710a.30d Zﬁ?&,éhen
folding the substrate 710 and adhering semiconductg%fi_ice 760a and 760b back-to-bac{(, after which
semiconductor die 760c is connected to interposer substrate portion 710b and encapsulation and
bumping with enlarged conductive elements may 5d-4dMpleted. Semiconductor dice 760a-c may be
of 30 the same type or origin or of different types or origin, as desired, and perform the same or
different functiB%@tll?W%OG -26- While the present invention has been disclosed in terms of
certain exemplary embodiments and variations thereof, those of ordinary skill in the art will recognize
and appreciate that the invention is not so limited. Additions, deletions and modifications to the
disclosed émbodimenlts Mubelefrsdtesinmontigepatany pimiamicepdpe GfdisehsVilgehtion as

claimed hereir];,1§1i9111i@r(gy,Ctgﬁ;ﬁggwmﬁpp@gmgjg}g@;gﬁ@%p&)mg%d with those of another while

remaining within the scope of the invention. For example, features of the fourth embodiment may be

combined with¥hESERed BRBEIFReRtnasErRs it R sirdsy PRecB G Ha R 68BIPHEDEclude four

recess patterns and th|&eaEMLRIHERGE QA IR 1BI8T Bﬁé_%Bﬁ&’tQﬁP{fétﬁa BYNRIUA AR RRESS patterns.
Further, any 10 number of recess patterns may be provided on the first surface and/or the second

surface of the interpGSBMSHIREARIYE B 06 RANdBFHI D HAtRYIN 8B SIRASKRIERL UG d86 U PR AIMS

What is clgimed is: 1p\areh 2006e3sés AhAEHGIE J0rHS i BIaUBNG ahlearlane emigonductor die
having a plurality of conductive bumps Fprojecting therefrom, comprising: an interposer substrate

having a first surface SRYANERYHEUfABE Sondedinpriisers 8T he RLEE M HBhHAG IR SRSNS: one

conductive layer secyfebthgretRmBek, the plurality of recesses arranged in a first recess pattern to
receive a plurality of conductive bumps projecting from a semiconductor die in a
first arrangement and a second recess pattern to receive a plurality of conductive
15 bumps projecting from at least another semiconductor die in a second

arrangement different from the first arrangement.

2. The article of claim 1, wherein the first recess pattern is formed in the first
surface of the interposer substrate and the second recess pattern is formed in the second

20 surface of the interposer substrate.

3. The article of claim 1, wherein each of the plurality of recesses is sized and
configured to substantially receive a conductive bump of the at least one flip chip
semiconductor die so that an active surface of the at least one semiconductor die lies

25 immediately adjacent at least one of the first surface and the second surface of the

interposer substrate.
4. The article of claim 1, wherein recesses of the plurality arranged in the first
recess pattern are each located closer to a periphery of the interposer substrate than

30 recesses of the plurality arranged in the second recess pattern.

5. The article of claim 1, wherein the at least the first recess pattern and the



comprising a plurality of conductive traces, the interposer substrate including a 10 plurality of recesses
formed in at least one of the first and second surfaces and exposing portions of the conductive traces
of the plurality through the at least one dielectric member, the plurality of recesses arranged in a first
recess pattern to receive a plurality of conductive bumps projecting from a semiconductor die in a first
arrangement and a second recess pattern to receive a plurality of conductive 15 b ﬁrgﬁoi%gng
from at least another semiconductor die in a second agangement different from the first arrangement.
2. The article of claim 1, wherein the first recess pattern is formed in the first surface of the interposer
substrate and $BeC86d6ERP TdeESETERdPRISddRHeTiFstisBr et {dho nitiifate SlHEtsterposer
substrate. 3. The article of claim 1, wherein each of the plurality of recesses is sized and configured to
substantially receive a conductive bump of the at least one flip chip semiconductor die so that an

active surface of the &t IéBsreidesehsicinductbewio fas 2 deapisoiité ipertfapeitraadfione of the
first surface and theisecond siach At heosReRer dubsiatsi. The article of claim 1, wherein

recesses of the plurality arranged in the first recess pattern are each located closer to a periphery of
the interpo%er substrate than 30 recesses of the plurality arranged in the second recess pattern. 5. The

article of claim 1, whereipihe-gtileastiliglif ShirgeSscRAteMIRNE N8 2S Ule Eﬁh@%%‘&fﬂg
claim

recess pattern are formed in the first surface of the interposer substrate. 6. The article of

wherein the atRSaBEHHE It RACEESE BTSRRI HAB CSSCsMd Yeb B S isa Tt haRe ASE AR first die

attach site. 5 7 Jhe@artisiRel ail e e T altbrracgssemeting plurlibharanged in the
first recess pattern exposes a portion of a conductive trace having another portion thereof exposed by

one of the rec®SEEGIh8ISIUFIRYS Ot AhfyHEF iR IHErBdE SIS BB FAYEAT HRT UBEIS BEEBESST the first
pattern is fporggtipharally JosatedanibediMenRases ddrsuhstrate thar R sEesS AeNpsHish he

second recess pattern exposing at least a portion of the same trace.
the same trace.

8. The article of claim 5, wherein the second surface of the interposer substrate
includes recesses arranged in a third recess pattern.
15
9. The article of claim 8, wherein recesses of the third recess pattern are arranged

differently than the recesses of the first recess pattern and the second recess pattern.

10. The article of claim 8, wherein the recesses of the third recess pattern are
20 staggered with respect to the recesses of the first recess pattern and the second recess

pattern.

11. The article of claim 5, wherein the second surface of the interposer substrate
includes a third recess pattern and a fourth recess pattern, and wherein the third recess

25 pattern and the fourth recess pattern share a common second die attach site.

12. The article of claim 11, wherein the recesses of the third recess pattern are

spaced and configured differently than the recesses of the fourth recess pattern.

30 13. The article of claim 11, wherein the recesses of each of the third recess
pattern and the fourth recess pattern are spaced and configured differently than the

recesses of each of the first recess pattern and the second recesses pattern.



8. The article of claim 5, wherein the second surface of the interposer substrate includes recesses
arranged in a third recess pattern. 15 9. The article of claim 8, wherein recesses of the third recess
pattern are arranged differently than the recesses of the first recess pattern and the second recess
pattern. 10. The article of claim 8, wherein the recesses of the third recess pattern are 20 staggered
with respect to the recesses of the first recess pattern and the second recess patt IMCJchhE%barticle
of claim 5, wherein the second surface of the interposgg substrate includes a third recess pattern and
a fourth recess pattern, and wherein the third recess 25 pattern and the fourth recess pattern share a
common second die attach site. 12. The article of claim 11, wherein the recesses of the third recess
pattern are spaced ang egpfigiqd dhiferanty thar g ircrIses ObMRSaHINEeE&SsRaER 30 13.
The article of claim 11, wherein the recesses of each of the third recess pattern and the fourth recess
pattern are sp&teParb ©EsafiyRrEerditferdAggesd Ve reERss s Shefregroncs hBgifinrdeess pattern and
the second recesses RAIEINsc&shd fMRIGH A6 14. The article of claim 11, wherein the recesses of
the third recess pattern and the fourth recess pattern are staggered with respect to the recesses of
the first redess pattern and the second recess pattern. 5 15. The article of claim 5, wherein the first

surface of the int_erpo;sge_r SSRGS M@I&%Sj?%Eféiﬁﬁﬁ%sﬁr@@é@fﬂc@réﬁf}%%@l%ﬁem%gﬂﬁ&the
recesses of the first recess pattern and the second recess pattern. 10 16. The article of claim 15,

wherein the retisdages srttHed Fapesrara s haaracd i iEagardamis reesseet o thlFEXC 8RS of the first

recess patternaadihenaaaeRe e cRABiRIE1 7. The article of claim 5, wherein the plurality of
recesses in the first surface of 15 the interposer substrate includes a third recess pattern and a fourth

recess pattern. 18. The article of claim 17, wherein the recesses of each of the third recess pattern
and the fouyth recessipatiels fIR RIGRRAEH dHI/IBBE RN HhesesePIrs @iRashedf pattern are

staggered with respect to the recesses of the first recess pattern and the second recess

pattern.

17. The article of claim 5, wherein the plurality of recesses in the first surface of

15 the interposer substrate includes a third recess pattern and a fourth recess pattern.

18. The article of claim 17, wherein the recesses of each of the third recess
pattern and the fourth recess pattern are arranged differently than the recesses of each of

the first recess pattern and the second recess pattern.

20
19. The article of claim 17, wherein the recesses of each of the third recess
pattern and the fourth recess pattern are staggered with respect to the recesses of each of
the first recess pattern and the second recess pattern.
25 20. The article of claim 17, wherein the recesses of the third recess pattern are

substantially more peripherally located with respect to recesses of the fourth recess

pattern.

21. The article of claim 1, further comprising a die attach site having an adhesive
30 element positioned on at least one of the first surface and the second surface of the

interposer substrate.



the first recess pattern and the second recess pattern. 20 19. The article of claim 17, wherein the
recesses of each of the third recess pattern and the fourth recess pattern are staggered with respect
to the recesses of each of the first recess pattern and the second recess pattern. 25 20. The article of
claim 17, wherein the recesses of the third recess pattern are substantially more peripherally located
with respect to recesses of the fourth recess pattern. 21. The article of claim 1, fuﬁt?ﬁa%%b%ng a
die attach site having an adhesive 30 element positiopgd on at least one of the first surface and the
second surface of the interposer substrate. 17 March 2006 -30- 22. The article of claim 1, further
comprising test pads proXiftateislpefishieny bifththaieaphsiingisstinds BEpHBRh Redppaiyof

conductively capnaeifshie-a b aanduet ve (e ad Lxmeted BRSO dheclirRhRyace and
the second surface of the interposer substrate. 5 23. The article of claim 1, wherein the interposer

substrate comprseanyl fErpsediapat Eastione sftfbreigseritace WHdhsirctmadterssssf fpstrate
comprises at legstongr Lhat-adolymer material, BT, FR4 laminate, FR5 laminate and ceramic. 25. A
semiconductor assembly comprising: at least one semiconductor die having an active surface and a
back surfaée, one of the active surface and the back surface having conductive bumps projecting 15

therefrom; a_md an interOBRE %@éré%lﬁﬁimgﬂﬁf%ﬁﬂh@%@@geﬁﬁ%%fé %HH@%%%&B@SMQ at
least one dielectric member having at least one conductive layer secured thereto and including a

plurality of cordBgtive traces, the interposer substrate including a plurality of recesses in at least one
of the first and second surfaces and exposing 20 portions of the conductive traces of the plurality

through the at least one dielectric member, the plurality of recesses arranged in a first recess pattern
to receive a 24. The article of claim 1, wherein the interposer substrate comprises at least one

10  of a polymer material, BT, FR4 laminate, FR5 laminate and ceramic.

25. A semiconductor assembly comprising:
at least one semiconductor die having an active surface and a back surface, one of the
active surface and the back surface having conductive bumps projecting
15 therefrom; and
an interposer substrate having a first surface and a second surface and comprising at least
one dielectric member having at least one conductive layer secured thereto and
including a plurality of conductive traces, the interposer substrate including a
plurality of recesses in at least one of the first and second surfaces and exposing
20 portions of the conductive traces of the plurality through the at least one dielectric
member, the plurality of recesses arranged in a first recess pattern to receive a
plurality of conductive bumps projecting from a semiconductor die in a first
arrangement and a second recess pattern to receive a plurality of conductive
bumps projecting from the at least another semiconductor die in a second
25 arrangement different from the first arrangement, the plurality of conductive
bumps of the at least one semiconductor die being arranged in one of the first
arrangement and the second arrangement and received within at least one of the

first recess pattern and the second recess pattern.

30 26. The assembly of claim 25, wherein the conductive bumps on the at least one
semiconductor die are disposed in the at least one of the first recess pattern and the

second recess pattern so that the active surface of the at least one semiconductor die lies



plurality of conductive bumps projecting from a semiconductor die in a first arrangement and a second
recess pattern to receive a plurality of conductive bumps projecting from the at least another
semiconductor die in a second 25 arrangement different from the first arrangement, the plurality of
conductive bumps of the at least one semiconductor die being arranged in one of the first
arrangement and the second arrangement and received within at least one of the fyriyl£§cc§§§ogattern
and the second recess pattern. 30 26. The assembly gf,claim 25, wherein the con(]:luctlve umps on
the at least one semiconductor die are disposed in the at least one of the first recess pattern and the
second recessifigenh e thigaoneaiehsdirecardrenand tbaseeny sarfiiee abthasnigreaiss 17 March
2006 -31- adjaggitthe at least one of the first surface and the second surface of the interposer
substrate. 27. The assembly of claim 25, wherein the first surface of the interposer 5 substrate
includes the first recess pattern and the second recess pattern. 28. The assembly of claim 27, wherein

the second surface obtherinterResfyRIHRO NGRS AT feGsBR-PRIRIR ARG {eprth recess

pattern and the at least one semiconductor die comprises a second semiconductor die with a plurality
of conductive 3BbSURADESIERYEY & ThERess BPIHEER and (BE fissanttécrsceBalsakern and the fourth
recess pattern. 29. The assembly of claim 25, wherein the plurality of recesses of the first recess
pattern are closer to a geéi hery of the interposer substrate than the plurality of recesses 15 of the

second recess patterd®30 'TReSaE iy 8t IAImdsTGin dheit eithstiEsobhRdMFER Y dess pattern

and exposes gfigaata RAMLE LR EPRIUSIVRLIAGAAISR BRISEL Py adrrCaRs AL aascond recess
pattern and is relatively more outwardly located on the interposer substrate. 20 31. The assembly of

claim 25, wherSHiFRIEERE<HS eHEIsRSArecosd prrisendreiotticswiBioptBe Ly phaidugtye

staggered;yvith, i QLI AthRh 3INSASSLMP IR clatk 2B whRerinibesiaessesof the first
recess pattern and 25 the second recess pattern are staggered with respect to the recesses of the

third recess  pattern.

29. The assembly of claim 25, wherein the plurality of recesses of the first recess
pattern are closer to a periphery of the interposer substrate than the plurality of recesses

15 of the second recess pattern.

30. The assembly of claim 25, wherein each recess of the first recess pattern and
exposes at least a portion of a conductive trace also exposed by a recess of the second
recess pattern and is relatively more outwardly located on the interposer substrate.

20
31. The assembly of claim 25, wherein the recesses of the first recess pattern and

the second recess pattern are staggered with respect to each other.

32. The assembly of claim 28, wherein the recesses of the first recess pattern and
25 the second recess pattern are staggered with respect to the recesses of the third recess

pattern and a fourth recess pattern.

33. The assembly of claim 25, further comprising a die attach site having at least
one adhesive element thereon positioned on at least one of the first surface and the
30 second surface of the interposer substrate and the at least one semiconductor die is

adhered to the die attach site by the at least one adhesive element.



pattern and a fourth recess pattern. 33. The assembly of claim 25, further comprising a die attach site
having at least one adhesive element thereon positioned on at least one of the first surface and the 30
second surface of the interposer substrate and the at least one semiconductor die is adhered to the
die attach site by the at least one adhesive element. 17 March 2006 -32- 34. The assembly of claim
25, further comprising test pads proximate a periphery of the interposer substrate,lf%%rgﬂlf@gesting
pads being conductively connected to a the conductiyjezj[race and exposed on at least one of the first
surface and the second surface of the interposer substrate. 5 35. The assembly of claim 25, wherein
the interposer substratt cofFfseBbaY fEsiBladpclushereRMpsiansigs bPIaIPOXE AR Erein the

interposer sUbSUAE LIPS @ 8?&%&1%@51@,%@}1%)15@_%5&%%% Bl FRAGREIDAR, FRS laminate
and ceramic. 37. The assembly of claim 25, further comprising dielectric filler material ‘proximate the

conductive bufis¢ediled tActrendicssdsacenng expesed sarmblisatt sirt 05, finstsarfaehivdsing a

circuit board capduciivaly,FannsEiRd it appdycivediaces of the interposer substrate by conductive
elements disposed therebetween. 39. The assembly of claim 38, further comprising an encapsulation

material at> 20 least partially encapsulating the at least one semiconductor die. 40. The assembly of

claim 27_1 wherein th%@fsTf%C%%&H@l%P@ﬁ%t@i %@ﬁ@&ﬂ th%%%@ﬁﬁﬁb%ﬁ%f@ & gagq first die
attach site. 25 41. The assembly of claim 28, wherein the third recess pattern and the fourth recess

pattern share AeoRlmdRSsecond die attach site. 42. A method of assembling a semiconductor
assembly, the method comprising: providing at least one semiconductor die having an active surface

and a back surface, the 30 active surface having a plurality of conductive bumps projecting therefrom;
providing an interposéf-sUBstrate RN daiR 2eu A U QI BEEBARF StPAHAtE SAMPBIRSriG At least

one dielegijic enparfdRving aldessi A, AR IAYEES laminate and ceramic.

37. The assembly of claim 25, further comprising dielectric filler material

proximate the conductive bumps received in the recesses.

15 38. The assembly of claim 25, further comprising a circuit board conductively
connected to conductive traces of the interposer substrate by conductive elements

disposed therebetween.

39. The assembly of claim 38, further comprising an encapsulation material at

20 least partially encapsulating the at least one semiconductor die.

40. The assembly of claim 27, wherein the first recess pattern and the second

recess pattern share a common first die attach site.

25 41. The assembly of claim 28, wherein the third recess pattern and the fourth

recess pattern share a common second die attach site.

42. A method of assembling a semiconductor assembly, the method comprising:
providing at least one semiconductor die having an active surface and a back surface, the
30 active surface having a plurality of conductive bumps projecting therefrom;
providing an interposer substrate having a first surface and a second surface and

comprising at least one dielectric member having at least one conductive layer



17 March 2006 -33- secured thereto and including a plurality of conductive traces, the interposer
substrate having a plurality of recesses in at least one of the first and second surfaces and exposing
portions of the conductive traces of the plurality through the at least one dielectric member, the
plurality of recesses arranged in a first 5 recess pattern to receive a plurality of conductive bumps
projecting from a semiconductor die in a first arrangement and a second recess PAIEIN] 5?6%ive a
plurality of conductive bumps projecting from at least gnother semiconductor die in'a secon

arrangement different from the first arrangement; and disposing the plurality of conductive bumps of
the at least one semiéefidedibee indindudig b iOficsndidss pagemikmdigieaseond recess

pattern so that the actiygsutfreaff Shaahigaskene senicanfuctondisriss AliagrNt&LIRRSt one of
the first surface and the second surface of the interposer substrate. 43. The method of claim 42,

wherein providing thesWifaspbaed stiPRtagP28ieBH P iBe sPIdNsHiR A IRERD BEH3lINsthatashith the
first surface includingdhoth [t JRFESS PRI RSS! r&f@@&%&%%qg}a%- alfigdmethod of
u

claim 43, wherein disposing further comprises matching a con iguration of conductive bumps of the at

least one sEmiconduétSEHiEACHMESEERE CXOPEREERE§ e abinRe OiRsHd EdER8spattern. 45.

The method of claim g4y, wheigitodiSRAAING LR MPAIRRSIIAURINGHIS A J6ast PR sEMIRBANCOr die
over the one of the first recess pattern and the second recess pattern on a first die attach site

commonly shared by RHE3iSt pEcadyskie PHamY Brekesng oo atlsstsaeeier o PRRINTEMREEF of claim

43, wherein providing thesiis{paseh sthstialerrsemrrsas Ry e iding.the #igrpager substrate with the
second surface.inclu_din%a third recess pattern and a fourth recess pattern. 30 47. The method of

claim 46, wher@iPoiEkoLip§lesiprisbsonttehisPames igheatideror AsnisrisoaBirRp it at least
one semiggnductor digdQ hdaFshemRsPica4hadbittarreess Rajieri-and paadeiutuecasspatiern.

surface of the at least one semiconductor die lies adjacent at least one of the first

surface and the second surface of the interposer substrate.

43. The method of claim 42, wherein providing the interposer substrate
15 comprises providing the interposer substrate with the first surface including both the first

recess pattern and the second recess pattern.

44. The method of claim 43, wherein disposing further comprises matching a
configuration of conductive bumps of the at least one semiconductor die to one of the

20 first recess pattern and the second recess pattern.

45. The method of claim 44, wherein disposing comprises mounting the at least
one semiconductor die over the one of the first recess pattern and the second recess
pattern on a first die attach site commonly shared by the first recess pattern and a second

25 recess pattern.

46. The method of claim 43, wherein providing the interposer substrate
comprises providing the interposer substrate with the second surface including a third
recess pattern and a fourth recess pattern.

30
47. The method of claim 46, wherein disposing comprises matching a

configuration of conductive bumps of the at least one semiconductor die to at least one of



17 March 2006 48. The method of claim 47, disposing comprises mounting the at least one
semiconductor die over one of the third recess pattern and the fourth recess pattern on a 5 second die
attach site commonly shared by the third recess pattern and the fourth recess pattern. 49. The
method of claim 43, wherein providing the interposer substrate comprises providing the interposer
substrate with the first surface including a third recess 10 pattern and a fourth rec?m% e53g0- The
method of claim 49, wherein disposing comprises ma_tﬁﬁl_ing a configuration of conductive bumps of
the at least one semiconductor die to at least one of the first recess pattern, the second recess
pattern, the thiteprdéskeersadnitemapadahiedetrthagerssiiiRiern. 51. The method of claim 50, wherein
disposing comprises mounting the at least one semiconductor die over one of the first recess pattern,
the second recess pattern, the third recess pattern and the fourth recess pattern on a first die attach
site commonly 20 shdrfed g sathask ehelfivst 18 cisBSAEEAMPIESSE BN HBELES pllgathoike third

recess patterngpg shedQuFiiceRRSRATER: BirdRERGIRRLPLHAIR frMNEEsIN PAERASKIDa

comprises attaching the active surface of the at least one semiconductor die to an adhesive element
on a die atfactfeien9digatiacl ke SABBHOME shatesbiabs HHefltrreese doHgraddBoogEhesposer
substrate. 53. The.fpethod of claim 42, further comprising electrically testing at least interconnections
between the at least one semiconductor die and conductive traces of the interposer substrate by
positioning a testing member on test pads conductively connected 30 to the conductive traces and

exposed on at least ofie qfiba,fiisi Setfaeemang mﬁ&&ﬁ%vﬁﬁﬁ‘?%%@%ﬁ?&sﬁmﬁﬁ‘efy of the
interposer substrate. 17 March 2006 -35- 54. The method of claim 42, further comprising dispensing

encapsulation FAERHASHERIHES BEANGERE LIPS trithBadativatpemipdydBanghiedisiestsa
space defined betwean the.aciviecusipereeh the at least one semiconductor die and the at least one
of the first surface and the second surface of the interposer substrate. 5

50. The method of claim 49, wherein disposing comprises matching a
configuration of conductive bumps of the at least one semiconductor die to at least one of
the first recess pattern, the second recess pattern, the third recess pattern and the fourth

15 recess pattern.

51. The method of claim 50, wherein disposing comprises mounting the at least
one semiconductor die over one of the first recess pattern, the second recess pattern, the
third recess pattern and the fourth recess pattern on a first die attach site commonly

20 shared by each of the first recess pattern, the second recess pattern, the third recess

pattern and the fourth recess pattern.

52. The method of claim 42, wherein disposing comprises attaching the active
surface of the at least one semiconductor die to an adhesive element on a die attach site

25 on at least one of the first surface and the second surface of the interposer substrate.

53. The method of claim 42, further comprising electrically testing at least
interconnections between the at least one semiconductor die and conductive traces of the
interposer substrate by positioning a testing member on test pads conductively connected

30 to the conductive traces and exposed on at least one of the first surface and the second

surface proximate a periphery of the interposer substrate.



55. The method of claim 42, further comprising at least partially encapsulating the at least one
semiconductor die and the interposer substrate with encapsulation material. 10 56. The method of
claim 42, further comprising mounting the second surface of the interposer substrate to another
substrate with conductive elements disposed therebetween. 57. A method of fabricating a substrate
for mounting at least one semiconductor 15 die in a flip chip arrangement thereto,ltﬂ?d 6
comprising: providing an interposer substrate having afirst surface and a second surface and at least
one dielectric member having at least one conductive layer thereon including a plurality of conductive
traces; forming a plurdfity lderiesied sfi glatedst YA GicoBRTISISHERWHAE theapsesHasurface 20 of

the interposer spbsirate-TARAECHIANR! FRAFRSPAELD R RSBt IQLRT T RANGE At from

the first recess pattern to expose portions of the conductive traces through the at least one dielectric

member and tdHiBepRTINESIHEC ipfENHSoYERSEI A AIGMmERIM 182IGPBERISHRIIJiPcrsivRcthickasis!

conductive bugps, e Vg REage el (easkeng %qﬂggﬁggg;tgg@i@a%_ranged in one of the
25 first recess pattern and the second recess pattern. 58. The method of claim 57, wherein forming

comprises %izing the recesses so that the conductive bumps on the at least one semiconductor die

are receivable thereinsssuph.thatiidg aetivensurfasenttbeRbIRas anesepisandusiessliadigsadiacent

the at least 30 one of the first surface and the second surface of the interposer substrate. 59. The
method of claithS, IGATE RS SoRiseRs BeiRfitissadohmintr tReSAF st RsHaks VBSOS 36- pattern

and the secong,segesgs pattern in the first surface of the interposer substrate so that each of the first
recess pattern and the second recess pattern share a common first die attach site for mounting the at
least one semiconductor die thereto. 5 60. The method of claim 59, wherein configuring comprises

forming the recessessgf the.fifstanfoteeand /ecrsmaatienpsisadhab aanty deassaldthe filst secess
pattern exposes at least a portion of a conductive trace having another portion exposed by a recess

of the second FBEEYSTBANEHHBHER[ARIFRPEISER HRYEYS B theomdtGidveslspatis fisposed

therebetween.

57. A method of fabricating a substrate for mounting at least one semiconductor
15 die in a flip chip arrangement thereto, the method comprising:
providing an interposer substrate having a first surface and a second surface and at least
one dielectric member having at least one conductive layer thereon including a
plurality of conductive traces;
forming a plurality of recesses in at least one of the first surface and the second surface
20 of the interposer substrate arranged in a first recess pattern and a second recess
pattern different from the first recess pattern to expose portions of the conductive
traces through the at least one dielectric member and to a depth into the
interposer substrate sufficient to substantially receive therein conductive bumps
on an active surface of the at least one semiconductor die arranged in one of the

25 first recess pattern and the second recess pattern.

58. The method of claim 57, wherein forming comprises sizing the recesses so
that the conductive bumps on the at least one semiconductor die are receivable therein
such that the active surface of the at least one semiconductor die lies adjacent the at least

30 one of the first surface and the second surface of the interposer substrate.

59. The method of claim 57, wherein forming comprises forming the first recess



relatively outwardly with respect to the recess of the second recess pattern exposing at 10 least a
portion of the same conductive trace. 61. The method of claim 59, wherein forming comprises forming
a third recess pattern and a fourth recess pattern in the second surface of the interposer substrate so
that each of the third recess pattern and the fourth recess pattern share a common second die 15
attach site for mounting the at least one semiconductor die thereto. 62. The methop7 %gll%ra&)’l@
wherein configuring comprises forming the recesses ggthe third and fourth recess patterns so that
each recess of the third recess pattern exposes a portion of a conductive trace having another portion

exposed by a RE¢EE yidiee 200t ooy tpatiar hahidshraEfascad cho BHE RO B HEDHHIAE e s

pattern relatively ipuf\al el Witk (e pRECETATBSHEGE S TS {P B FEgRss PRUSHEIRREING at least a
portion of the same conductive trace. 63. The method of claim 61, wherein configuring comprises

staggering thea®& hedissudnsmiHinghihg rbeass aresinispritséofslinthese®ss pattern with respect to the
recesses of the first recess pattern and the second recess pattern. 64. The method of claim 59,
wherein forming comprises forming a third recess pattern in the first surface of the interposer
substrate sb that eacAtbf Tie Mehrteselamparhcrtia cuHbsy I RLCeRBite AYANA EHBOtFE 88ess

pattern share thecomgandisstslia ratiash siei9sMaunting et Isast 9ne: sermisQadugior die thereto.
17 March 2006 -37- 65. The method of claim 59, wherein forming comprises forming a third recess

pattern and a fOtRACieHdsashaRerHIA Hhe firddyGHEE e havingAREhST HOBINHESRYEHAY dach of the

first recess patigins theresanshiacess pate e hdJ eeessceallesnirb d tligefewythhiesgss pattern
share the common first die attach site for mounting the at least one 5 semiconductor die thereto. 66.

The method of BfireBostmEhcitb FrPRS PR desrsagh&svisrtisre S P U YR ARBNERE on the at

least one gf thefirsh puraseAMRLARECONR SWtassef the interposer substrate. 10 67. The method of
claim 57, further comprising forming test pads proximate a periphery of the interposer substrate and

exposed on the at least one of the first surface
61. The method of claim 59, wherein forming comprises forming a third recess

pattern and a fourth recess pattern in the second surface of the interposer substrate so that
each of the third recess pattern and the fourth recess pattern share a common second die

15 attach site for mounting the at least one semiconductor die thereto.

62. The method of claim 61, wherein configuring comprises forming the recesses
of the third and fourth recess patterns so that each recess of the third recess pattern
exposes a portion of a conductive trace having another portion exposed by a recess of the

20 fourth recess pattern and placing each recess of the third recess pattern relatively
outwardly with respect to the recess of the fourth recess pattern exposing at least a

portion of the same conductive trace.

63. The method of claim 61, wherein configuring comprises staggering the
25 recesses of the third recess pattern and the fourth recess pattern with respect to the

recesses of the first recess pattern and the second recess pattern.

64. The method of claim 59, wherein forming comprises forming a third recess
pattern in the first surface of the interposer substrate so that each of the first recess
30 pattern, the second recess pattern and the third recess pattern share the common first die

attach site for mounting the at least one semiconductor die thereto.



and the second surface of the interposer substrate so that each test pad is in communication with one
of the conductive traces. 15 20 25 30 68. An electronic system comprising: a processor device coupled
to an input device and an output device; and a semiconductor assembly coupled to at least one of the
processor device, the input device and the output device, the semiconductor assembly comprising: at
least one semiconductor die having an active surface and a back surface, one of igq\@ac%g}{ 656face
and the back surface having a plurality of conductive_}s‘)y_mps thereon; and an interposer substrate
having a first surface and a second surface and comprising at least one dielectric member having at

least one conductivefaydmhsaeethad plettsinarttl YRIRIMEPETBISE SRRSO @ thAtbECags

interposer subgfiate, inciudiag: Rl A rPEaReS R QilsastPir Al apd.aecapthsurfaces
and exposing portions of the conductive traces of the plurality through the at least one dielectric

member, the ptafaIRY BEfdtd seeass Drdeife hinsachist IREss PHETBrhotheideiteess Prifaityed thenductive
bumps projectipgHor-assmicandusiondieonadi sirErngemestand & tHRGRISRAYRLN to

receive a plurality of 17 March 2006 5 -38- conductive bumps projecting from at least another
semiconduttoreaRcnarstishe Beistyement different from the first arrangement, the plurality of
conductive bumps of the at least one semiconductor die being received within at least one of the first

recess pattern and the second recess pattern. 69. The system of claim 68, wherein the plurality of
conductive bumps orfPfhedie method of claim 57, further comprising forming an adhesive element on

a die attach site on the at least one of the first surface and the second surface of the
interposer substrate.

10

67. The method of claim 57, further comprising forming test pads proximate a
periphery of the interposer substrate and exposed on the at least one of the first surface
and the second surface of the interposer substrate so that each test pad is in
communication with one of the conductive traces.

15

68. An electronic system comprising:

a processor device coupled to an input device and an output device; and
a semiconductor assembly coupled to at least one of the processor device, the input
device and the output device, the semiconductor assembly comprising:

20 at least one semiconductor die having an active surface and a back
surface, one of the active surface and the back surface having a
plurality of conductive bumps thereon; and

an interposer substrate having a first surface and a second surface and
comprising at least one dielectric member having at least one

25 conductive layer secured thereto and including a plurality of
conductive traces, the interposer substrate including a plurality of
recesses in at least one of the first and second surfaces and
exposing portions of the conductive traces of the plurality through
the at least one dielectric member, the plurality of recesses

30 arranged in a first recess pattern to receive a plurality of
conductive bumps projecting from a semiconductor die in a first

arrangement and a second recess pattern to receive a plurality of



least one semiconductor die are disposed in the at least one of the first recess pattern and the second
recess pattern so that the active surface of the at least one semiconductor die 10 lies adjacent the
one of the first surface and the second surface of the interposer substrate. 70. The system of claim 68,
wherein the first surface of the interposer substrate includes the first recess pattern and the second
recess pattern and the plurality of 15 conductive bumps of the at least one semicoppw&pcrhdjgoﬁe
arranged to match one of the at least a first recess paftern and a second recess pattern. /1. The
system of claim 70, wherein the second surface of the interposer substrate includes a third recess
pattern and a fourth recess patterncRREUHEYPIRENIRY PO ¢oa gt Isarhprodiantcaitendrgne

semiconductor die are arranged to jnaich oneqf 5!9&11%@{1%;&@@%@@1@5%%51 {he IPHBJGERSS pattern.
72. The system of claim 68, further comprising a die attach site having an adhesive element thereon

positioned on at least one of the firdtesRiEIE RAtCRRYeibemBurIPs G teablat MR rposer substrate for
mounting the at least one semiconduigter g thedriPefi L0S RYBIERMA! £ RIN: OF fyringrr@Mprising

test pads proximate a periphery of the interposer substrate, each of the testing pads in communication
with one ofithe 30 conductive trace$%ie RatsE388bINatteadd s sttt surface and the second
surface of the interposer substrate. -39 17 March 2006 74. The system of claim 68, wherein the

interposer substrate comprises a flexible tape. 75. The system of claim 68, wherein the interposer
substrate comprises &P1e&8¢ YUA® Of S1panMlerhratenidlc Bty AsARAtE IFRBIERT A Al

ceramic. 76. Tfé%s‘il(ﬁf@E@rﬁfc%'ﬁél'ﬁb&ﬁwﬂé%'i‘@ﬂfé%ﬁ&@ﬁ’ﬂ{‘@léjﬁﬁ%@%ﬁ@% matgriakdisposatRrgdmate
the plurality of conductive bumps disposed in the plurality of recesses. 10 77. The system of claim 68,

further compridh§gearehecgsstRAtsATaidaaihe Jea ke I9feheaplniiig fsaniaoRdutiondle

semicondygtordic,aiddnanpiehB @Feh S bl e lNRSYRISHD ﬁrﬁ@%f@ie‘&ﬂi@fﬁcﬂﬁe&he at least the

first recess pattel;n and the second recess pattern share a common first die attach site.
substrate.

70. The system of claim 68, wherein the first surface of the interposer substrate
includes the first recess pattern and the second recess pattern and the plurality of
15 conductive bumps of the at least one semiconductor die are arranged to match one of the

at least a first recess pattern and a second recess pattern.

71. The system of claim 70, wherein the second surface of the interposer
substrate includes a third recess pattern and a fourth recess pattern and the plurality of
20  conductive bumps of the at least one semiconductor die are arranged to match one of the

third recess pattern and the fourth recess pattern.

72. The system of claim 68, further comprising a die attach site having an
adhesive element thereon positioned on at least one of the first surface and the second
25 surface of the interposer substrate for mounting the at least one semiconductor die

thereto.

73. The system of claim 68, further comprising test pads proximate a periphery of
the interposer substrate, each of the testing pads in communication with one of the
30 conductive traces and exposed on at least one of the first surface and the second surface

of the interposer substrate.



15 79. The system of claim 71, wherein the at least the third recess pattern and the fourth recess
pattern share a common second die attach site. 80. A semiconductor device assembly, comprising: 20
a flexible interposer substrate including at least one conductive layer comprising a plurality of
conductive traces and at least one dielectric member, the at least one dielectric member having a
plurality of recesses extending from an exterior surface of each of two opposing sie}qfagrfcﬁw%%
interposer substrate through the at least one dielectri_gé’gember to expose portions of conductive
traces of the 25 plurality; the plurality of recesses being arranged in at least three patterns, at least two
of the at least three péttebhg utists @orl BRetSioshsreHbthedisoreses sHBsEE spmRiitenalonblef the at
least three patigrps being located on an opposing side of the interposer substrate in substantial
superimposition to at least one of the at least 30 two patterns; and at least three semiconductor dice
of flip-chip configuration having a plurality of conductive elements projecting therefrom, wherein each

semiconductor die is 15 MaEcty 400G r492iAPES2 RINFAURIRM AR A1 JEShBRMRQIHG Mk Al Q%

conductive traces by conductive elements received in a pattern of recesses; the interposer substrate
being folded s@ﬁﬁ@g/ atnelyseeivy Be b Wlﬂﬁ%’t@?@if@%ﬁ@?ﬁkﬂ? et SR ¥Ceonductive traces
through patterns of recesses on the one 5 side of the interposer substrate are oriented in substantially
superimposed back- to-back relationship between portions of the interposer substrate and at least a

third semiconductor di€-islscateighed i bl fstperisapuyishe Wiks e EHst matsdakdicatedctor
dice on the oppRsingasidaohinalidePastIueuRsaiBps disposed in the plurality of recesses.

10 77. The system of claim 68, further comprising an encapsulation material at least

partially encapsulating the at least one semiconductor die and the interposer substrate.

78. The system of claim 70, wherein the at least the first recess pattern and the
second recess pattern share a common first die attach site.
15
79. The system of claim 71, wherein the at least the third recess pattern and the

fourth recess pattern share a common second die attach site.

80. A semiconductor device assembly, comprising:

20 a flexible interposer substrate including at least one conductive layer comprising a
plurality of conductive traces and at least one dielectric member, the at least one
dielectric member having a plurality of recesses extending from an exterior
surface of each of two opposing sides of the interposer substrate through the at
least one dielectric member to expose portions of conductive traces of the

25 plurality;

the plurality of recesses being arranged in at least three patterns, at least two of the at
least three patterns located on one side of the interposer substrate and at least
one of the at least three patterns being located on an opposing side of the
interposer substrate in substantial superimposition to at least one of the at least

30 two patterns; and

at least three semiconductor dice of flip-chip configuration having a plurality of

conductive elements projecting therefrom, wherein each semiconductor die is



17 March 2006
-40-

operably coupled to at least some of the plurality of conductive traces by
conductive elements received in a pattern of recesses;

the interposer substrate being folded so that at least two of the semiconductor dice
operably coupled to conductive traces through patterns of recesses on the one
side of the interposer substrate are oriented in substantially superimposed back-
to-back relationship between portions of the interposer substrate and at least a
third semiconductor die is located in substantial superimposition to the at least

two semiconductor dice on the opposing side of the interposer substrate.



