-1- METHOD AND APPARATUS FOR DIELECTRIC FILLING OF FLIP CHIP ON INTERPOSER
ASSEMBLY BACKGROUND OF THE INVENTION 5 Field of the Invention: The present invention
relates to methods and apparatus for assembling and packaging single and multiple semiconductor
dice with an interposer substrate. In particular, the present invention relates to methods and
apparatus for underfilling single and multiple semicond_Li(_:tor dice assembled in a flip chip orientation
with an interposer substrate. 10 State of the Art: Chip-On-Board ("COB") or Board-On-Chip ("BOC")

technology is used to aﬁ&&ﬁwA%ﬂdXﬁ%g%g@cﬁgé%g% fﬂ?étﬁtﬁlgfgggfeéﬁa printed
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circuit board ("PCB"), or an mterpgielrpr@ cted using flip
chip attachment, wire bonding, or tape 15 automat Eondmg : %ﬂﬁp attachment generally

includes electrically and mechanically attaching a semiconductor die by its active surface to an

interposer or other carrier substrate ﬁm&@@m{)@mwﬁw elements therebetween.

The discrete conductive elements are generally disposed on the active surface of the die during 20
fabrication thereof, but rigdeétdad berioposEek prctitatoandatsubeltaetonhethdiderate conductive

elements may CQ%BE@%‘Q‘%@HL@s%ﬁ%&%‘%ﬁdbgé%@%%a%?%% soMmIs AL arous §ealigyrations. Each

discrete conductive element is placed correspond utually aligned locations of bond pads (or
other 1/0 location®)®Branthcspesiecnsiceds- die patd delani e Pwschidrniersidbyate whdadhe two 25

components are gypermpageds hsemisenansion s ints clerusalnand meshapicaly o

connected to the carrier substrate by, for example, reflowing conductive bumps of solder or curing
conductive or colibclopfilehiapory ilimpsntapsietesubstiptelerfill may then be disposed between the
die and the garrier substrate for environmental protection and to enhance the mechanical attachment

of the die to 30 the carrier substrate. Wire bonding and TAB attachment techniques generally begin
with attaching State of the Art: Chip-On-Board (“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 effected using flip chip attachment, wire bonding, or tape

15  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

20  fabrication thereof, but may instead be disposed on the carrier substrate. The
discrete conductive elements may comprise minute conductive bumps, balls or
columns of various configurations. Each discrete conductive element is placed
corresponding to mutually aligned locations of bond pads (or other I/O locations) on
the semiconductor die and terminals on the carrier substrate when the two

25  components are superimposed. The semiconductor die is thus electrically and
mechanically connected to the carrier substrate by, for example, reflowing
conductive bumps of solder or curing conductive or conductor-filled epoxy bumps.
A dielectric 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

30 the carrier substrate.

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



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 -2- of fine wires is discretely
attached to bond pads on the semiconductor die and then 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 5
insulating tape, such as a polyimide, are attached, as by thermocompression bonding, directly to the

bond pads on the.peicORAURT die B AUESNANING toUTIINA g Q0L GRLE sslfpte. Higher

performance, lower cost, increased miniaturization o ponents, and greater packaging density of
integrated circuitsxdradasgoidpoutdd of checspashmgutemimdlisads Asthevrgenetdtitiagofintegrated

circuit products age feleased,, thenymben of camponepis ysed ko lakrigale ihsmdsogsdrdecrease
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due to advances in tec even thoug unctionality of t ro creases. For example,
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are moving with increasi pidity toward flip chip attachment dué to improved electrical performance

and greater packbghsdnglshsiof yHoWwemd ipadhipndhaspmenniseior ditliodioorotsieendingich as the
high cost for a th@%ﬁaﬂggggﬂtﬂl%gg&q Bﬁ)@ﬁ:{f@.m the middle or periphery of a die to a 20

two-dimensional array which, in turn, may result in overlong and unequal-length electrical paths. In
addition, many conventibhghdlipahisrieshaitieer eRpibinetaskl o eohsiswmrefisbngootte

interconnections BEMeeRJe, OB ARAING PUPRRARH O GERCAITBHAURRIRIA A fyiesult of the

increased miniaturization as well as “difficulties in mutual alignment of the die and carrier substrate to
effect such Y& inteoaumiicignstr EfActEM epoatipT o pededraagual soasadimmred Boasid.size.

Further, flip chip RACckAYBEBF GoRIHTRGRSRIGBIIMFLA i AMBIAY RNRT IR AR RS

undesirably thick due to the combined height of the die and interposer. This is due to the use in
conventional packakfieliedeanryicadhsiughdtiodiynctionality of the products increases. For example,

on the average, there is approximately a ten percent decrease in components for
every product generation over the previous generation having equivalent
15  functionality.

Recent trends in packaging are moving with increasing rapidity toward flip
chip attachment due to improved electrical performance and greater packaging
density. 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

20  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 result of the increased miniaturization as well as
difficulties in mutual alignment of the die and carrier substrate to effect such

25 interconnections. Effective rerouting of bond pads may also be limited by die size.

Further, flip chip packages for a bumped semiconductor die employing an
interposer may be undesirably thick due to the combined height of the die and
interposer. This is due to the use in conventional packaging techniques of relatively
costly interposers comprising dual conductive layers having a dielectric member

30  sandwiched therebetween, the bumped semiconductor die resting on and connected
to traces of the conductive layer on one side of the interposer and electrically

connected to traces of the conductive layer on the opposing side, conductive vias



costly interposers comprising dual conductive layers having a dielectric member 30 sandwiched
therebetween, the bumped semiconductor die resting on and connected to traces of the conductive
layer on one side of the interposer and electrically connected to traces of the conductive layer on the
opposing side, conductive vias -3- extending therebetween. Finally, underfilling a flip chip-attached
semiconductor die to a carrier substrate with dielectric filler material can be a lengthy and often
unreliable process, and the presence of the underfill makes reworking of defective assemblies difficult

i not impossible. & Qlf.AiRiRevaRANeipnaRackags RdR AR AliB fauBkgRmodate
die size reductions, or "shirinks," as a given design progreSses through several generations without
developing new ifteypasiar debitnats anichtdisiegiriasilleromafendtiondiity i gthyded ipfd@ice, necessitating

a greater number, gL Inpiy g@@ges‘gP&BH%%%%%@@SE‘?H@%%&EE %%Eéspﬂé%ﬁﬁchg%%é?&t%gs places

severe limitations 10 on the use of conventional interposers. In addition, wit nventional packages, a
die is not tested wstitiphbkaddfasdernbiy impopsphilste, resulting in excess cost since a defective die or

die and interposer asse IS i is.. fini e, United States
Patent No. 5?7 10,071 tolaaBﬁel%{irdflirﬁgfiééili § Ee%%%%i%%i%%%ﬁ%%%@%ﬁ%ﬁ& Er%i%%gﬁt??}m%ment of a

semiconductor di@cv?@la@gﬁswa@ samredmmlaﬁd Q_Jf‘&hd@ﬁﬂﬁ’rfg; a gapodavige prvgsessenidundgittor die
and substrate. '”s&%&?@&{eﬁﬂﬁ)%ﬁl}i&%‘?H%%ﬁﬁd%%&%ﬁﬂ&%é@&%@&‘é’ﬁk%%&%@%ﬁ’ wherein

conductive bumps on the die are directly bonded ond pads on the upper surface” of the substrate,
which provides tHeqapubetivasiityre aidusled sudisratecahsatingerBcarmatakiel Abwautraudh the gap
between the semigonducighdigiand a sHRSHAS piraRllac, AtipbIgnRd anepaiigiibe
substrate, thereby expelling air in the gap through the aperture in the substrate in an effort to minimize
voids in thelGhdeffilithease palcors@diataldnthpmaindarfiddhdometidacenn datinnab padsaaess ime

consuming due (Raving Al (8GRI SABICIRAUAAE G ERE i BE.te o% Cfp;aftachment
technique disclosed in United States Patent No. 5,710,071 exhibits difficulties in aligning the

conductive bumpgofisieh taelissidlisas! o stitstierdlrig not detected until the package is
finished.

For example, United States Patent No. 5,710,071 to Beddingfield et al.

15  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 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

20  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 underfilling method still is unnecessarily time
consuming due to having to underfill the entire semiconductor die. Further, the flip

25  chip attachment technique disclosed in United States Patent No. 5,710,071 exhibits
difficulties in aligning the conductive bumps with the bond pads on the substrate and
requires the expense of having a third metal reroute in the substrate.

Therefore, it would be advantageous to improve the reliability of
interconnections between a chip and a carrier substrate such as an interposer by

30  achieving accurate alignment of the interconnections, an improved underfill process,

and the elimination of the necessity for a third metal reroute, while reducing total



requires the expense of having a third metal reroute in the substrate. Therefore, it would be
advantageous to improve the reliability of interconnections between a chip and a carrier substrate
such as an interposer by 30 achieving accurate alignment of the interconnections, an improved
underfill process, and the elimination of the necessity for a third metal reroute, while reducing total -4-
assembly height in combination with the ability to empl_q,y commercially available, widely practiced

semiconductor device fabrication techniques and materials. BRIEF SUMMARY OF THE INVENTION 5
Th ti [ f [ ing; individual and
e present invention i g?\%”‘ﬁqm%ﬂ?ﬁﬁﬁ%&i‘o%%Hﬁﬁé%%l}‘ﬁ%%isfg%%&ggo%ﬁlﬂe&?ﬁﬁgi(ﬁ%éﬁ vidual an

multiple semiconductor dic a carrier substrate in a arrangeme ing methods
and apparatus fowidde ilieleredfipmatipdestiiglaredestbmicotiductohrliguassednibkidriwish a carrier
substrate. The present invention provides a flip chip semiconductor assembly substantially reduced in

10 height or depth in comparison to conventional interposer-based flip chip assemblies and with
improved mechanical and electrical B&I&hiIH MhdRMt <o hHECHOMENEANeNn a semiconductor die

and a cammier;subsirate i@ﬁg?ﬁ&%?ﬁ%ﬁﬁﬂ@&?@ to"i&ﬁ'@kﬁﬂ?%ﬁ%ﬁ%ﬂt e?%s%fe;ﬁﬂﬁ G for

attaching the semiconductor die to the carrier substrate and el requirement for a third

metal reroute as mk@é_%inéd(jdu@ fmé mwgRlA d%ﬂﬁ@@pmwrwtmmrfwwm@ dielectric
underfilling of thegflip G AsSEMbIYaHle ﬁ@@ﬂﬁ@%@%@@'ﬁdﬂﬁﬁéﬁ%ug 3¢ HiRGhRse Digpnductor

device assembly of the présent invention includes a conductively bumped semiconductor die

assembled activecBinferidl girerhsangondugiion din assemldsd medbsteardcmiidyirasentinasption includes
multiple 20 recesses,ISMad AN QRS MHRCEALIAIPE RS syRatatn e ranal the dielectric

layer thereof to conductive elements in the form of conductive terrminals or traces on the opposing

surface, thel fecebseahtonfigRifeth rrenprederdmbiad reeaskinsmerar thatcdoiteshan aseubltantially
with the bond pad,,and ReRFR KRAHELYSHiLH B Ql%@&[@apfe‘f%ﬂ%fﬁf'% HeHERHERRGHS

semiconductor die. Such 25 predetermined recess patterns may include, for example, a single or

double row cent®etyored pasretsefiguetrichc and-skaipsd Pbsdasam cbafigimaaion aneragseripheral

while also improving ease of alignment for attaching the semiconductor die to the

carrier substrate and eliminating the requirement for a third metal reroute as well as
15  reducing the time and quantity of material required for optional dielectric

underfilling of the flip chip assembly while enhancing reliability thereof.

The flip chip semiconductor device assembly of the present invention
includes a conductively bumped semiconductor die assembled active surface, or
face, down with an interposer substrate. The present invention includes multiple

20  recesses formed from one surface of the interposer substrate and through the
dielectric layer thereof to conductive elements in the form of conductive terminals or
traces on the opposing surface, the recesses configured in a predetermined recess
pattern that corresponds substantially with the bond pad, and hence conductive
bump, pattern or configuration of the bumped semiconductor die. Such

25  predetermined recess patterns may include, for example, a single or double row
center bond pad configuration, an I-shaped bond pad configuration and a peripheral
bond pad configuration.

An adhesive element may be optionally disposed between the semiconductor
die and interposer substrate to mutually secure same, in addition to any bond

30  between the conductive bumps and terminals or traces. The adhesive element may
comprise a tape having a thickness, which may be used to provide and control a

vertical standoff between the active surface and the interposer substrate and to



bond pad configuration. An adhesive element may be optionally disposed between the semiconductor
die and interposer substrate to mutually secure same, in addition to any bond 30 between the
conductive bumps and terminals or traces. The adhesive element may comprise a tape having a
thickness, which may be used to provide and control a vertical standoff between the active surface
and the interposer substrate and to -5- increase compliancy of the attachment of the semiconductor
die and interposer substrate as well as facilitating rework. In addition, the adhesive element assists to

resolve minor vari i I of die pick- lace.equi . a
semiconductor dilelz%(;rr%gt ee %@fé}%%gégj gtéggtdeg %%%hﬁ%?gggm%ﬁigﬁéﬁg?%% 1%5%%%@%%)?) r% %osition on the
interposer substraubsdmtings sublses trmlitating iy ofablicadidit ete s adbietriansporenios fissrione

location to another, Jie ﬁ@&&!&%&gﬁr@g?ﬂ@‘éﬁ’i@ﬁl%é@%?o?%ﬁgg;%%&ﬁcﬁ?fa%@Qé%_ A% fakLag conductive

bumps on the semiconductor isposed in the recess rmed in the i te_rposer.su%strate, the
recesses being sideckangwarviglucior di¢ereive iternasoumpsiroie tig balppediseridbadisctor die so

that they are submergad WilIQ M5 JE6RSASIR AN SHSALIALE ARG SHTRGR A he semiconductor

die may sit directly againstthe surface of the interposer substrate onto which the recesses open.
Thus, there is a febiiietioonipiehe dngidlansperatiiip thip seeieeiticorrkiiRte assembly relative to

conventional i”terposer"f’ﬁéﬁ%fﬁﬁiﬁQM&?&H@J&%QH&%Q&%Q@R9§E§8&ﬂi§c¥’§&*ﬁﬁa‘6%’@“C“"e bumps

within the recesses, which allows for the conductive bumps on the semiconductor die to be of larger
size for increasedailagility biitresLen; it sesiisgiHecovet e iane fprescd ép thoofegesstipfetied in

semiconductor deyice, G53epolywiate maidiealoearediiol 3 tdmelRbiseRR the

semiconductor die. Even if an adhesive element using a tape is employed, the conductive bumps may

20 still be sliBstahtials cortis deRpesceiaeoRdtiptiberee dydbepatsopberted vV itinide standoff
provided by the tgpeJhe LAnEUCHY & BHMPS Y sBErRANAGH QNG SRMAYSHYR HPINalERLHe

bottoms of the recesses by reflowing the bumps, curing the bumps, ultrasonic bonding of thé bumps
to the terminals, #aifalledppitcssw s dRWITG Bf thibtiaiggato which the recesses open. Thus,

there is a reduction in the height of the flip chip semiconductor device assembly
relative to conventional interposer-based flip chip assemblies due to the disposition

15  of the conductive bumps within the recesses, which allows for the conductive bumps
on the semiconductor die to be of larger size for increased reliability without
increasing the overall height or depth of the flip chip semiconductor device
assembly while avoiding the need for a third metal reroute on the semiconductor die.
Even if an adhesive element using a tape is employed, the conductive bumps may

20  still be substantially completely received within the recesses, but for the small
vertical standoff provided by the tape.

The conductive bumps may be bonded to the conductive terminals at the
bottoms of the recesses by reflowing the bumps, curing the bumps, ultrasonic
bonding of the bumps to the terminals, thermal compression bonding of the bumps

25  to the terminals, or by other techniques known in the art, depending upon the bump
material selected. Further, a conductive paste or other nonsolid conductive material
may be provided on the bumps or within the recesses prior to disposing the bumps in
the recesses. Alternatively, bumps in the form of solder balls may be disposed in the
recesses prior to alignment of the semiconductor die with the interposer substrate, or

30  higher melting point metal or alloy bumps may be provided in a conductive paste in
the recesses or on the bumps, after which the die may be aligned with the interposer

substrate and attached thereto. In addition to enhancing electrical connection



25 to the terminals, or by other techniques known in the art, depending upon the bump material
selected. Further, a conductive paste or other nonsolid conductive material may be provided on the
bumps or within the recesses prior to disposing the bumps in the recesses. Alternatively, bumps in the
form of solder balls may be disposed in the recesses prior to alignment of the semiconductor die with
the interposer substrate, or 30 higher melting point metal or alloy bumps may be provided in a
conductive paste in the recesses or on the bumps, after which the die may be aligned with the

nterposer. substiaie,andaltecheddiersionln adallig . anhenrgalacinah aRAOSENAS- reliabilty
between the conductive bumps and the interposer terminals, a nonsolid conductive material may be
used to compensatediartigynrrdercdpizayabity trshiveemipenssaniisomdustoe gitaamd Yritetwose thsubstrate

due to varied b“”s‘&gﬁiczo‘?fdlf S?ﬁﬁe%Htﬁ%e%%gep'&{%ﬁf}%vﬁf éo{ﬁal“%ﬂ‘ﬁu?rﬁp%%ﬁﬁlgre%‘éjs%‘%f‘e%‘iﬁél rfaces of

the semiconductor die 5 and interposer substrate. As noted, an adhesive element on the surface of the
interposer substranel fleirgithe aeiitomdhictopriiergagdirceiediifaetsme thenisotivnadistaslie height

controller and may,alie iGin-coMARIRAIa 91 A0y itegailienin e capleapitybatyeen the

semiconductor die and the interposer substrate. The semiconductor device assembly of the present
invention may alsotpwoser cubsigaiecdciithtonecon enofe Gpedingwsbe neiddnikirougenhedimeidser

substrate at a logatign ok [QeaRNR oM Mf SWiaee J A6INPALLRCID0 MY ILamLNEs feficonductor die

to provide communication between the one’or more openings to each’of the multiple recesses in the
interposer substrag®lanarsty befigerations¢avitnadestaispersih ghefidiapeseicsiibetrataterial through the

opening or openings 150 e FGAAESSES ANTA"RUBEINE MMANTT1E RERING Ar.9nTingS may be

substantially coincident with the configuration of recessés and comprise gaps between conductive

pad or termifal pepndEsef cuit ot ws m&gmgam@@ééagghtn@gb&&%@mﬁwbﬁmwae slots
over, or laterally gffSel{iR: IBEIRERSEEM AN AR GRUQR TRErS W ARdnd Offset, a side of

each recess being open to the slot. 20 In the first and second instances, dielectric filler material may
be introduced dir6tNCRENEHE Foée pEaviderTRntNEl g etyeeh HecosRIeE IBP IR eREHRIICVe trace

extending over eaghyrGEaRSANE SRERLIRASTY AL RFESLPS Il ALIaPRRI NG AR on

facilitates dispensing of dielectric filler material through the opening or openings

15 into the recesses and around the bumps. The opening or openings may be
substantially coincident with the configuration of recesses and comprise gaps
between conductive pad or terminal portions of conductive traces extending across
the recesses or may comprise slots over, or laterally offset from, the recesses and in
communication therewith and, if offset, a side of each recess being open to the slot.

20  In the first and second instances, dielectric filler material may be introduced directly
into the recesses through the gaps between the sides of the conductive trace
extending over each recess and the periphery of the recess wall adjacent the trace.
In the latter instance, dielectric filler material may be introduced into the slots to
travel laterally therefrom into the recesses. Further, if a vertical standoff is

25  employed between the interposer substrate and the semiconductor die, dielectric
filler material may be introduced through a slot or other opening through the
interposer substrate in the center region thereof and caused to flow therefrom into
the recesses through the mouths thereof, even if not in communication with the
opening, and to the periphery of the semiconductor die (if desired) through the

30  standoff. A solder mask applied to the side of the interposer substrate facing away
from the semiconductor die for forming solder bumps on the conductive elements of

the interposer substrate, as noted below, may also be employed as a dam to prevent



In the latter instance, dielectric filler material may be introduced into the slots to travel laterally
therefrom into the recesses. Further, if a vertical standoff is 25 employed between the interposer
substrate and the semiconductor die, dielectric filler material may be introduced through a slot or other
opening through the interposer substrate in the center region thereof and caused to flow therefrom
into the recesses through the mouths thereof, even if not in communication with the opening, and to
the periphery of the semiconductor die (if desired) through the 30 standoff. A solder mask applied to

the side of the i o t ' ie f i b
on he conductive DI e e ne
dam to prevent -Thdlovietfasadsrbisitraigterias thmgghfdhe ninsgneteering shbotighiaHs ehibleckic layer of

the interposer SuﬁﬁH@r‘ﬁl‘lTﬁ]@%ﬂﬁP@%ﬁf& &&@gﬁg@éﬁg{g&rﬁ%@.substantialIy enhances underfill integrity

while decreasing process time. The flip chip se Juctor device assembly of the present invention
may 5 also include soldErdbBisdviptieer chodrstecdgeierat senhl widhelenmesnsiaveidimdmey the

terminals or gondyeliys fRRES RXANHOETRRL IR JRIINAIS QY SEANG S AT E R (G RIS

substrate facing away from the semiconductor die. The discrete external conductive elements are
employed to interberipeeingle geepishistivetonresistendas ity thatkeriighals- sl thaskegiegisuch as a

carrier substrate, for; Gxample. i e L S9HP K1 & RHHEH UG BRATE: T e SapicgRdugtor die of the

flip chip semiconductor device assembly may be fully or partially encapsulated by a dielectric
encapsulation ma&eAeladcanayiE tefteapisatt amakoebiodsiuepoiapicl ssemtandeeinode s ¢reat

transfer element pray.e, npeshuif he fin shin Semicandusiar deyise. AssBmblini Paigular, the

heat 15 transfer element' may be’included on the strface of the interposer substrate facing the
semicondudir ditorth@bemvaisdredcaipbtnedschrepdisenstugier dialeé thadksiderof the semiconductor

die. Such heat trapsfel GlRIMEPHRIAE Q@s%%‘f'yt%‘%%rfm? OPSIALRG GOpRAWE B Gasseubly as

well as to prevent thermal fatigue. The flip chip s€émiconductor device assembly of the invention may
include 20 an un&iféapalatigednsésriroriduaydredielt sxpangdily encapsulated semiconductor die, or

In another aspect of the present invention, a heat transfer element may be
included with the flip chip semiconductor device assembly. In particular, the heat
15 transfer element may be included on the surface of the interposer substrate facing the
semiconductor die, the active surface of the semiconductor die, or the back side of
the semiconductor die. Such heat transfer element may be used to lower the
operating temperature of the assembly as well as to prevent thermal fatigue.
The flip chip semiconductor device assembly of the invention may include
20  an unencapsulated semiconductor die, a partially encapsulated semiconductor die, or
a fully encapsulated semiconductor die.
The interposer substrate of the present invention may also be assembled with
a plurality of semiconductor dice at a wafer or partial wafer level, wherein a wafer
or partial wafer including a plurality of unsingulated semiconductor dice is attached
25  face down to a like-sized interposer substrate with bumps on the wafer or partial
wafer submerged in recesses formed in the interposer substrate. Filler material may
be dispensed through openings in the interposer substrate, after which the wafer or
partial wafer and interposer substrate may be diced into individual flip chip
semiconductor device assemblies. Encapsulation may be performed at least partially
30  at the wafer level and completed, if desired, after being diced into individual

semiconductor assemblies.



a fully encapsulated semiconductor die. The interposer substrate of the present invention may also be
assembled with a plurality of semiconductor dice at a wafer or partial wafer level, wherein a wafer or
partial wafer including a plurality of unsingulated semiconductor dice is attached 25 face down to a
like-sized interposer substrate with bumps on the wafer or partial wafer submerged in recesses
formed in the interposer substrate. Filler material may _g_e dispensed through openings in the
interposer substrate, after which the wafer or partial wafer and interposer substrate may be diced into

indvidual flib chi cand ) ) lai )
partally 30 &t the water Tyel At e ML CE e ot Bl e AR et S Al

semiconductor _a@sﬁfﬂﬂ?iesﬂiegcmmhm&ﬁmtem&b@e éataﬂbatéct o0 rﬂn‘afﬂv?itﬂte material
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member and a solder mask over the conductive member. The flexib ielectric member may
comprise a polyirdidedayemaiet overkesithisselpely mudk Byeiththehcoisdietithe raddabarask

therebetweeq. The, GOREuCHE MEMRE! AOIRLISRS RLRTSHR AL RANTHEINE RGeS REmed by etching o

a conductive layer carried by the flexible dielectric member or by printing traces on the flexible
dielectric membepatisingtepilistivg ivkccFiacmenty etelyigcoéplepgducty thleypteatel brdiions of the

recesses to defing ags L Ugfermunsls A Biskases ayeuie i gelion it AGmierged bump

pads sized and placed for formation of external conductive elements thereon for connection to

higher-level pack&ﬁﬂﬁg_@%%ﬁ@é@és? taay Bulfonseble ﬂiﬂ@t@d ﬁﬁéﬁ‘féﬁi@@@fi’é@ﬁﬁ@%@fﬁb@r from the
surface thereof oppAsie e FARYAGIVE MRMRENRY SN RcRaRicAl JEling QERYRCRYNG, o laser

ablation, wherein each of the recesses extends to a terminal‘ of a conductive trace and is sized 15 and
configured t¥recenlargeddnanie podsturap idibasedriviolimaiert crmemésividueiierelei@ensmber may

also optionally ingfude, ARGGHRANRINEACANGYEYEIRERTErGAR RYeli&sHIcRAREAe flexible

dielectric member to face the semiconductor die. The interposer substrate of the present invention
may also be formésosgbtherlaxiblp dsdpuisgnenbendtenaiBesivefies tharrpresrnsHR M faminate, FR5

laminate and conductive member by etching, mechanical drilling or punching, or laser ablation,

wherein each of the recesses extends to a terminal of a conductive trace and is sized
15  and configured to receive a conductive bump of the semiconductor die. The flexible

dielectric member may also optionally include another patterned conductive layer

thereon over the surface of the flexible dielectric member to face the semiconductor

die. The interposer substrate of the present invention may also be formed of other

interposer substrate materials such as a BT resin, FR4 laminate, FR5 laminate and
20  ceramics.

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 electrically communicates with an input device and an output device.

25 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.

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

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



20 ceramics. 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 electrically communicates with an input
device and an output device. 25 Other features and advantages of the present invention will become
apparent to those of skill in the art through a considera_a(}ipn of the ensuing description, the
accompanying drawings and the appended claims. BRIEF DESCRIPTION OF THE SEVERAL VIEWS

OF THE DRAWINGS AVlalll ificati i ' icularly: pointing out and
distinctly claimingl}h %aﬂl W%ﬁ}é\é%@f%)g%?ggﬁégg t é%%ﬁ@%%ﬁ?ﬁ%ﬁf@%%ﬁ\%%%&élo gﬁ ﬁl?is invention
may be ascertainetidroradie oliguieieod esichiphioacodtheninvegtionyingsrvieacdim conjunction with the

accompanying dra""ingsﬂ\éﬁh?rﬁi@slﬁhﬁtiﬁé& %{?W&Ufb ﬁ%t&?)ﬁ‘é&f S JRIFIROSG SHREIALE having

recesses therein in a center row configuration according to the present invention; 5 FIG. 1A is a

simplified bottomthisgirofamethisr isterpodegwabsrate ddigrio fbe @wsenemomtoonfiguration according

lo the preseny invention; fi; 2 % & simlfieserass: sealional e iruiatanalonadine gef in FIG. L
FIG. 3 is a simplified cross-sectional side view taken along line 3-3 in 10 FIG. 1; FIGS. 4A - 4C

illustrate an interé@fséﬁenfﬁsrm&ecahﬁ@lmh@dwmmﬂghfrevée@és'rtm@maccording_ to the present
invention; FIGS. 5A - Sh:jisirate gROIRELINURIROSLHSHASTALE, A Ameihad af, dJoming recesses

therein according to the present invention; 15 FIGS. 6A - 6B illustrate a first method of mounting a
semiconductor diElfack down to an interposer substrate in a flip chip-type semiconductor device

assembly according to jie; PEaSEnt IVERLPRr IslQSciidhal ERdIMSHAIK &SRGREHRERq of mounting a
semlconduclt(())r dlgléejlci(;a down to an interposer substrate in a flip chip semiconductor device assembly

FIGS. 4A - 4C illustrate an interposer substrate and a method of forming
recesses therein according to the present invention;

FIGS. 5A — 5D illustrate another interposer substrate and a method of
forming recesses therein according to the present invention;

15 FIGS. 6A - 6B illustrate a first method of mounting a semiconductor die face
down to an interposer substrate in a flip chip-type semiconductor device assembly
according to the present invention;

FIGS. 7A - 7B illustrate a second method of mounting a semiconductor die
face down to an interposer substrate in a flip chip semiconductor device assembly

20  according to the present invention;

FIGS. 8A - 8D illustrate a third method of mounting a semiconductor die
face down to an interposer substrate in a flip chip semiconductor device assembly
according to the present invention;

FIGS. 9A - 9B illustrate a variant of the third method of mounting a

25  semiconductor die face down to an interposer substrate in a flip chip semiconductor
device assembly according to the present invention;

FIG. 10 illustrates dispensing filler material through an opening in an
interposer substrate in a flip chip semiconductor device assembly according to the
present invention to fill recesses therein;

30 FIG. 11 illustrates encapsulating a semiconductor die in a flip chip
semiconductor device assembly and attaching the flip chip semiconductor device

assembly according to the present invention to another substrate via solder balls;



20 according to the present invention; FIGS. 8A - 8D illustrate a third method of mounting a
semiconductor die face down to an interposer substrate in a flip chip semiconductor device assembly
according to the present invention; FIGS. 9A - 9B illustrate a variant of the third method of mounting a
25 semiconductor die face down to an interposer substrate in a flip chip semiconductor device
assembly according to the present invention; FIG. 10 iljjstrates dispensing filler material through an
opening in an interposer substrate in a flip chip semiconductor device assembly according to the
present invention to fill reges in; Se b | ‘ates. tj ' tor die in a
flip chip semiconductor%ﬁg&igg 2@%%%%55%%%‘%%@%|?6‘%%’§ %?Aﬁég%%éﬁj{?%ggﬁassem bly
according to the gresentisarabliomebdingthdesuibsisdte slinsoldecbedisg-b0hE gestRtillustrates a
cross-sectional s'ﬁ%e\gﬁ}%of a flip chip semiconductor device assembly including a heat transfer
element according to the present invention; FIG. 13 is a simplified top view of a second embodiment
of an interposer 5 subsiriite hhvingepbssdsenernei il a weatsk pabbdonfiguphtonnigeresding to the
present invegtion, i, 445 i rDRed G0 SPEUanal e ifnAED Along ined gt in FIC. 13
illustrating passages between multiple openings and respective recesses in an interposer substrate,
according to the presatitiingatton; 10 FIG. 15 is a simplified cross-sectional side view taken along line
15-151n FIC. 13, ilustradieg fhe. i ARt onihie ieeRese  asligle fad ihey panductive
elements of the interposer substrate, according to the present invention; FIG. 16 illustrates a
semiconductor diElfmolhtdtifteEntopassegerbiriteeposetltnlp openenss tiel sespsat vermtssaigsant in a flip
chip-type semicogg%Pgsgyig&géa@é%h{% %%Hﬁ@?éﬂgiﬁugﬁtmﬁfe”a' through an opening in the
interposer substrate to Till recesses therein, according to the present invention; FIG. 17 illustrates
encapsu|atiﬂ:@ a semicof#aciorigie ﬁmm&@ﬁm@tlonﬂ side view taken along line 15-15 in

FIG. 13, illustrating the adhesive element on the interposer substrate and the

conductive elements of the interposer substrate, according to the present invention;

FIG. 16 illustrates a semiconductor die mounted face down to an interposer
substrate of the second embodiment in a flip chip-type semiconductor device

15  assembly and dispensing filler material through an opening in the interposer
substrate to fill recesses therein, according to the present invention;

FIG. 17 illustrates encapsulating a semiconductor die in a flip chip-type
assembly and the flip chip-type assembly attached to another carrier substrate via
solder balls, according to the present invention;

20 FIG. 18 is a simplified top view of a third embodiment of an interposer
substrate having a channel and recesses therein in a center pad configuration,
according to the present invention;

FIG. 19 is a simplified cross-sectional side view taken along line 19-19 in
FIG. 18, illustrating fingers and recesses in an interposer substrate, according to the

25  present invention;

FIG. 20 1s a simplified cross-sectional side view taken along line 20-20 in
FIG. 18, illustrating the channel adjacent a recess in the interposer substrate,
according to the present invention;

FIG. 21 illustrates a semiconductor die mounted face down to an interposer

30  substrate of the third embodiment in a flip chip-type semiconductor assembly,

according to the present invention;



assembly and the flip chip-type assembly attached to another carrier substrate via solder balls,
according to the present invention; 20 FIG. 18 is a simplified top view of a third embodiment of an
interposer substrate having a channel and recesses therein in a center pad configuration, according
to the present invention; FIG. 19 is a simplified cross-sectional side view taken along line 19-19 in
FIG. 18, illustrating fingers and recesses in an interposgr substrate, according to the 25 present
invention; FIG. 20 is a simplified cross-sectional side view taken along line 20-20 in FIG. 18,

illustrating the channel gdjacsnta r S.in.the ipterposer I resent
invention; FIG. 21 iIIust?a%?s' Z%%ﬁi%%é l?crgtg?@fg %Eiopﬁ t%g%%?ﬁ%ﬁr?g%’r{ ?r%g%%és%%r QS%%%bstrate of
the third embodiraeoiimeiiprepiniagoe semivonrlistor dssemibilip dopondingsetind pradent invention;

. 22 eiaitaampRedRe (Ri elAn DisrmRRer pLPRRIRALS i arbaRiment mounied

i
to a semiconductordie in a flip chip-type assem \d depicts dispensing filler material through an
end of the channélttopersd snbteatinte fpbsegessassiraneinoafiteutingse shheresantioaendion to the present

invention; 5 IG. 23 ilusiiglessciiapsulating, s semisandusiondie Al chiprivas, agpembly and the

flip chip-type semiconductor assembly attached to another substrate via solde , according to the
present inventionasseG8lya thediBpikisrdipasarewnl eftasseseibhhy atiechid ehigneyrs semiconductor

assembly accord L’ﬁ%stf?a@evﬁr?&ﬁl@} UﬁYﬁf‘H@&ﬁﬁﬁg"i’&(ﬁE Iﬁ’é@én?‘ﬂq‘{)’éh‘?f&{?: FIG. 24A illustrates a wafer

positioned face down prior to being attached to an interposer substrate of the present invention; and

FIG. 24B illustrates the WHiSr ZtfacReB iHsstusavnms sl iptassondlisgiber Hig;dhiGY® illustrates a
simplified top Vie‘ééﬂfi_@oﬂfﬁcﬁlﬁ&%lﬁﬁ;i%‘J&%?%_té‘ﬁf?ér&é?é&fﬂﬁ\ﬁ%{ﬁﬁ%ﬁ%%&rﬁ%iﬁ an I-shaped
configuration, according to the 15 preSent invention; FIG. 26 illustrates a simplified top view of a
second altetRative'hgtelyddléy. 24 A illustrates a wafer positioned face down prior to being attached
to an interposer substrate of the present invention; and FIG. 24B illustrates the wafer
attached face down to the interposer substrate;
FIG. 25 illustrates a simplified top view of a first alternative interposer
substrate having recesses therein in an I-shaped configuration, according to the
15  present invention;
FIG. 26 illustrates a simplified top view of a second alternative interposer
substrate having recesses therein in a peripheral configuration, according to the
present invention;
FIG. 27 illustrates underfilling and encapsulating a flip chip-type
20  semiconductor device assembly having the second alternative interposer substrate
design, according to the present invention;
FIG. 28 1s a simplified block diagram of the flip chip-type semiconductor
assembly of the present invention integrated in a computer system; and

FIG. 29 depicts an approach to implementation of the present invention using

25  anonflow dielectric filler material placement.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It would be understood that these
30  1illustrations 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



substrate having recesses therein in a peripheral configuration, according to the present invention;
FIG. 27 illustrates underfilling and encapsulating a flip chip-type 20 semiconductor device assembly
having the second alternative interposer substrate design, according to the present invention; FIG. 28
is a simplified block diagram of the flip chip-type semiconductor assembly of the present invention
integrated in a computer system; and FIG. 29 depicts _eﬁ_approach to implementation of the present
invention using 25 a nonflow dielectric filler material placement. DETAILED DESCRIPTION OF THE

INVENTION Empadmentsfdhaipteseniimenion il ir Deranalies desaresunti, ference to the
accompanying drawings. It would be understoodthat these 30 illustrations are not to Be taken as
actual views of adyagpegificeppzeainglor smathoamofitdabdsregetitdnvention, but are merely exemplary,

idealized representationg e Ig}{g%’tﬁe%géﬁ‘gﬁgr rﬁgdgfafﬁq;{g%qgﬁé?g%ﬁbw§%% ivention than might

-12- otherwise be possible. Additionally, elemerits and featur . etween the drawing figures
retain the same rigternosal slexsigaigtio®). FiGslonginymhatespeonialelicdegiot ensimpitied top plan view of

an interposey subsate. 1 ried adngiiudinal asginaak v s RRaser aRYpaIgre 1101s

preferably, but not limited to, a fiexible s bstrate, which may inclu e a dielectric substrate member
111 and a protectiv@usisldahgiestikcIst®@sTife nagarbetrid subdtrapeornetmbepiien maaly HEfindRefirst surface

112 of the interpqgef. SHOSHAG AL thanddheSalder feask H8mavgelinea saromtkiiace 114 of the

interposer substrate 110. 10 The interposer substrate 110 may be formed from any known substrate
material and is prefeyawis féfhaad G snldoninasiekbrphs; defiariblectantmaréerepblrakihsr polyimide

layer, such as UR B RIRAHSR Yy Ube Industries, Ltd., or any other polymer-type layer. The
interposer substrate 110 may also be made of a bismaleimide triazine (BT) resin, FR 4, FR 5 or any
type of subdfantially nonflesiblerpsspiatiriiateudy) s befamiedbiremoaty fesyn substrate

material and is preferably formed of, by way of example, a flexible laminated
polymer or polyimide layer, such as UPILEX®, produced by Ube Industries, Ltd., or
any other polymer-type layer. The interposer substrate 110 may also be made of a
bismaleimide triazine (BT) resin, FR 4, FR 5 or any type of substantially nonflexible
15  material, such as a ceramic or epoxy resin.
According to the present invention, the first surface 112 of interposer
substrate 110 includes multiple recesses or vias 120 formed therein having
mouths 120m opening thereonto in a preselected pattern and of a predetermined size
and shape. The multiple recesses or vias 120 each include a conductive pad or
20  terminal 122 at a bottom thereof. The conductive pads or terminals 122 are
interconnected to other conductive pads 126 on a second surface 114 of interposer
substrate 110. Such conductive pads 126 may be substantially directly below
conductive pads or terminals 122 and merely comprise an opposing surface thereof
or, more typically, the conductive pads 126 may be placed at various predetermined
25  locations laterally offset and remote from their associated conductive pads or
terminals 122 and electrically connected thereto by conductive traces 124 (shown in
FIG. 1 in broken lines).
The multiple recesses 120 are formed in the interposer substrate 110 in a
preselected pattern to correspond with a bond pad configuration formed on an active
30  surface of a semiconductor die intended to be attached thereto. For example, FIG. 1
depicts the multiple recesses 120 in a centrally aligned, single-row configuration in

interposer substrate 110. Such configuration is made to correspond and attach to a



According to the present invention, the first surface 112 of interposer substrate 110 includes multiple
recesses or vias 120 formed therein having mouths 120m opening thereonto in a preselected pattern
and of a predetermined size and shape. The multiple recesses or vias 120 each include a conductive
pad or 20 terminal 122 at a bottom thereof. The conductive pads or terminals 122 are interconnected
to other conductive pads 126 on a second surface 114,of interposer substrate 110. Such conductive
pads 126 may be substantially directly below conductive pads or terminals 122 and merely comprise

an opposing surf ?(‘r:%%%r?e i?&nHﬂQ{%t&{Eiﬁ%?é%ecggﬁﬁgﬁgrﬁ&%ﬁj&&é@-?@(?‘é%%r;ﬁéf’&%ﬁed atvarious

predetermined 2 tions laterally offset and remote elr associate ctive pads or
terminals 122 andaifigtrigally sdnriestédbthmenofbllcdhdtetrbhvapdten 2AthshonasdlecRiG. 1 in broken

lines). The multip %t'i%l%%é?%%é%%?‘f&?gg{ e‘?%}ri?(g%éﬁﬁ@%oﬁ% B%Ié@égsjc%ﬂﬂ%}ﬁa{%ﬁ%’ﬁﬁt gypattern

to correspond with a bor configur tpo’rl ) on an active 30 surface of a semiconductor die
intended to be attichpdfirerelacrss exafigiaticiG Fl(dasistbane e kil eraseesswsitzmimaycentrally

aligned, single-rowy ﬁﬁﬁ‘é‘t@ﬁrétw&cﬁ%@ég%ﬁgﬁﬁ%ﬁ%ﬁ%&%ﬁ w?’m‘ﬁ%i%@%ﬁ??&ﬁ@&%%&o

correspond and attachto a -13-"bumpe iconductor die having a centrally aligned, single-row bond

pad configuratiopadisierfighrseomoke dddifiushraadliplerftessOthi) prassktdemeeepaxwms, by way of
example, may inglydg antshaped reeassconfiguralion 4hlGiRal O ARarpheiakegess.gonfiguration
(FIG. 26); however, the present invention may 5 be adapted to any recess configuration to match with
any particular, desteddblore thaidleoppigiureton. meghsitlothetrrsasghi b rredarass o thayy be formed
inany suitable shgpeSYRhasssquare, rectangular and circular, and may include tapered sidewalls
so that the openings or mouths of the recesses 120 are larger than the bottoms thereof. 10 It will be

observed inlRIG. 1 that EondLibavdiracesin X @xteha soerurtosdseess 28 ardonhy shtionally extend
therebeyond, if d?édé@é’esf%@QH@H%%&%}E@%;RE&&’Hf!:?@ﬁ?%f{&%ﬁ&%%&?fﬂf%ﬁﬁéﬂ‘ée%#bStrate

member 111. Conductive pads or terminals 122 may complétely cover the bottoms of recesses 120
or, as adhesion of conductive traces 124 to dielectric substrate member 111. Conductive

pads or terminals 122 may completely cover the bottoms of recesses 120 or, as
depicted in FIG. 1, may be narrower than recesses 120 at the bottoms thereof so that
15  gaps 121 are defined on one or both sides of conductive pads or terminals 122. 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 materials, using adhesives
as known in the art. In some instances, the material of the conductive traces may be
20  adhesively laminated to the dielectric substrate member in the form of a conductive
sheet, the traces then being subtractively formed from the conductive sheet, as by
etching.
Further, interposer substrate 110 may also include an opening 130 (shown in
broken lines) formed thereacross, the opening 130 substantially extending along a
25  longitudinal extent of the centrally aligned, single-row configuration of the multiple
recesses 120 from one end of interposer substrate 110 to the other. Opening 130
may be formed wholly in the material of dielectric substrate member 111, or may, as
shown by the broken lead line from reference numeral 130 in FIG. 2 and the broken
lead line from reference numeral 130 in FIG. 3, be formed in solder mask 118. Of
30  course, opening 130 may be formed partially in dielectric substrate member 111 and
partially in solder mask 118, as desired. Opening 130 may be formed to align along

any employed recess configuration, i.e., I-shape or peripheral. To better illustrate



depicted in FIG. 1, may be narrower than recesses 120 at the bottoms thereof so that 15 gaps 121 are
defined on one or both sides of conductive pads or terminals 122. 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(r), BT resin, FR 4 or, FR 5 laminate material, or other substrate
materials, using adhesives as known in the art. In somg, instances, the material of the conductive
traces may be 20 adhesively laminated to the dielectric substrate member in the form of a conductive

sheet, the races Jieh PG s actsivIarmed Tomdng candse et as by gieting Furter.

interposer substra may also include an opening 130 (shown In ormed
thereacross, the épaHirgra8ad, spbsinatidlyiecitsiedingldiphgez2SiongiudiohisegtagittdBthe centrally

aligned, single-roy eanfi @Hx‘?é%&fsfé srgeymek%@%?;é&%s%@%wggtgllee ensLef intetpgsessubstrate 110

to the other. Opening 130° may be formed wholly in the material 2lectric substrate member 111, or
may, as shown djutHehwikbrségahinE3f omshefensgrdends miengl the@iis PI®peramgl the torakiste lead line

from referene nineral 10,1k B1Gh e (aumsdl i Saldsr mask 8 Of 306013, opaiRg 130 may

be formed partially in dielectric substrate member 111 and partially in solder mask 118, as desired.
Opening 130 maydetioradddonn diyppalung ldRyeihplegettaretedcamfisutablsrmiencr-shepe or

peripheral. To befer ilystrate :14: Aneninoe0: Kl G 2epicls mgastimeclionabyigwaken along

lines 2-2in FIG. 1. Aslillustrated, opening 130 includes multiple segments 132, each segment 132
extending betweeariseffapatadersiviel bal radusbasethonpialvesrdeltisé beeesselmeeos IRdfther, each

segment 132 as $Pow.eHIeQ9S AARANE AR ARG WIHHIA IR ARIGE shRATP TS0 sachyglthe

recesses 120; however, the segments 132 may extend and be positioned from the opening 130 to the
recesses 140 in rpdiatasianemhit crndsemsleperiatidepictedlderashA 1§ seriing theo may

comprise a slot laiggallyBfiS et Fosp ﬂ%ﬁﬁ?%eﬁgﬁrg‘"{@%&f cihamseieAaipas Retvary fingers 11 if

of flexible dielectric substrate member 1 ich terminate at opening 130. As shown, 10 conductive
traces 124 extend'itPossoppemiad 330r andsbiliae PIES covers the end portions thereof flanking

opening 130 and providifig ﬁﬁﬂ?hﬁﬁﬁ?ﬁé’@&ﬂiﬁg%o, FIG. 3 is a cross-sectional view taken
along lines 3-3 of FIG. 1. FIG. 3 depicts opening 130 extending directly into the

15  recesses 120, i.e., into the plane of the drawing sheet. Such opening 130 is shown as
having a lateral width smaller than the recesses 120; however, the opening may be
sized substantially equal to, or larger than, the lateral width of the recesses 120.
FIG. 3 also depicts conductive pads or terminals 122 at the bottom of each of the
recesses 120 interconnected through conductive traces 124 with conductive pads 126
20  exposed at the second surface 114 of the interposer substrate 110 through solder
mask 118.

FIGS. 1 and 3 also depict an adhesive element 116 disposed on the first
surface 112 of the interposer substrate 110. Such adhesive element 116 is preferably
disposed on a portion of the first surface 112 of the interposer substrate 110 that is

25  adjacent but separated from each of the multiple recesses 120. The adhesive
element 116 may be any suitable adhesive material as known in the art, such as an
epoxy, acrylic, or other suitable adhesive. The adhesive element 116 may comprise,
without limitation, a polyimide tape bearing adhesive on both sides thereof with the
exposed surface (facing away from dielectric substrate member 111) being covered

30  with a protective release layer until adherence to a semiconductor die is required.
Such adhesive element 116 is preferably of, but not limited to, a maximum 25 ym

thickness. As described in more detail later herein, adhesive element 116 may be



width to opening 130 for underfilling purposes. To further illustrate opening 130, FIG. 3is a
cross-sectional view taken along lines 3-3 of FIG. 1. FIG. 3 depicts opening 130 extending directly into
the 15 recesses 120, i.e., into the plane of the drawing sheet. Such opening 130 is shown as having a
lateral width smaller than the recesses 120; however, the opening may be sized substantially equal to,
or larger than, the lateral width of the recesses 120. FIGg 3 also depicts conductive pads or terminals
122 at the bottom of each of the recesses 120 interconnected through conductive traces 124 with

conductive pads %@1@%{%&5’”@%‘%@ 5@%%?89&%%%@%8%% i%EB%%J%F&%%&(@e%{(%ﬁ%%? 110 through

solder mask 118. FIG o depict an adhesive element 116 the first surface
112 of the interposésisaostifteo provide ety eddivebivandidfibatcbeBriscprefeoaoyiroishodegremad portion of

the first surface ]iﬁgeﬁfi%%ﬂ‘&ﬁﬁﬁa%es&?ﬁgék%&éﬁ Hﬁg&%&%&&ﬁp&&%ﬁ%@é@&éﬁ each of the

multiple recesses 120. The adhesive element 116 m e any suitable adhesive material as known in
the art, such as an epoXyGacitichorugihét slfimeie puisesivbamhaydethessiddasi&rantelthe may

comprise, wihouklaliarien & DG FARE PR AKIREME ORI RidqadIaR IR e
exposed surface (facing away from dielectric substrate member 111) being covered 30 with a
protective releasénigyeesantivbiriedrfaincladsegrficheldacionhstisteariainddr ISddmudBdsive element

116 is preferably of, BHf DI HTAEGH 10 ARG, 2R- M diRkBSS £ SERGIRRA dlygpore detail later

herein, adhesive element 116 may be -15- employed to function as a spacer between a semiconductor
die and interposemnaskbdifdiermed evqsrdvidenduasiviedd sran ot divdeebistodsase oesaprrdllthes degree

of insertion of copdygtiye UYTRSFARIRCRY, BRISEMIRONMCIAE HIRRIRTEGBRSES 2R AICS: 4A

through 4C depict a procéss that may be used for forming the 5 recesses 120 in the first surface 112
of interposelsubghtacr roateral arpabpietde iateih by msybasatacluds imgidingtialtielectric substrate

member 111 havipg, A DBIORLELNGUGHE, RVGH ISRGERR fsYr f@‘}%‘?e‘i*é?iﬁl?rfc%ﬁ& RAoieEihR Solder

mask 118 formed over the conductive layer. The dielectric substrate member 111 is preferably a
flexible material, 8liel &Yt nbevessustrmealerixieiE Yarndaedge material. The bottom

conductive layer may comprise conductive traces 124 extending between conductive
pads or terminals 122 and conductive pads 126 (see FIG. 3). Such conductive

15  traces 124 may be formed by masking and etching a bottom metal or alloy
conductive layer or, alternatively, the conductive traces 124 may be formed by
printing using conductive ink, or otherwise formed using any method known in the
art. Once the conductive traces 124 are patterned, the protective solder mask 118
may be formed thereover.

20 FIG. 4B depicts dielectric substrate member 111 with one of the recesses 120
formed therein. Such recesses 120 may be formed by patterning, utilizing a
chemical wet etch or dry etch, mechanical drilling or punching, laser ablation, or any
method known in the art and suitable for use with the type of material employed for
the dielectric substrate member 111. The recesses 120 are preferably formed to

25  expose portions of one of the conductive traces 124, such as conductive pads or
terminals 122. At a bottom of each recess 120 and, for example, at the location of
each conductive pad or terminal 122, additional conductive material may be placed,
such as gold or eutectic tin/lead solder, the material selected being compatible with
the conductive material of the conductive traces 124 and with the bumps of a

30  semiconductor die to be mated with interposer substrate 110. FIG. 4C illustrates
that the walls of the recesses 120 may include a conductive layer 123 formed

thereon, for example, by electroless plating; however, such plating is not required



10 polymer material or polyimide layer, but may also include a substantially nonflexible material. The
bottom conductive layer is preferably copper, or a copper alloy, but may be any suitable electrically
conductive material. The bottom conductive layer may comprise conductive traces 124 extending
between conductive pads or terminals 122 and conductive pads 126 (see FIG. 3). Such conductive 15
traces 124 may be formed by masking and etchinga b étom metal or alloy conductive layer or,
alternatively, the conductive traces 124 may be forme y printing using conductive ink, or otherwise

formed using anyygpeiog kPR, 06 Atk NGH PERZPIHGINC RGeS LAkara paigred. the

protective solder 118 may ormed thereover. 20 FIG. 4 depicts ectric substrate member
111 with one of thiecessgsswes h@@omaind;@dtm]@rgmn@u&h relviebgapet 20 avaalber hm’mld kﬁ}lp@tternlng,

utilizing a chemig ﬁéé’%’%l%%}ﬁg BE 95 ?%?fe@?@&ﬂ@ﬁ%?é%&é%ﬁ‘cg?%}ﬁ ?éyﬂl% l?e%ee[s Tany

method known in swta for use wit material employed tor t e d|e ectric
substrate memberti11. The recesses 120 are preferably formed to 25 expose portions of one of the

conductive triaces 124, yyeivas condys Hvﬁjot?éﬁc‘?r e[) SORNAAIS AR O &P@éﬁ?&&&’%ﬁ&‘%‘%s@ﬁ%ﬁ 120

and, for example, at the location of each conductive pad or terminal 122, additional conductive
material may be placéey. ddch¥s gfdieroinateesiccin/iéhia Setdest thefasatbhihPEeurtbdieing

compatible with the GoRAyeEVE mmaierial fhiae.sandiely Eﬁa%%ﬁl%%“ A0 AG RYPs of a 30

semiconductor die to be mated with interposer substrate 10 FIG. 4C illustrates that the walls of the
recesses 120 malpygellife 2 cbagucielfayah 1 33dbrenrsadihenrdpeli Yol axarhplds bye&editpiess plating;

however, such pleg oAU a0 RTRGIYE ARG RIBREOLINERNPE, R and as shown

in FIGS. 4B and 4 recesses may ormed WI'[ large”mouths which taper to a smaller bottom.

Such taperify mﬁ%@é&a@i@@ﬁw@aaygﬁgdw%mc%cﬁﬁp@%mﬂwbg%@ﬂﬁ@% in the art. 5 FIGS.
5A through 5D d%Qé%%ﬁé%?@é?ﬁ@gh@ﬁéﬁﬁ?%&%ﬁtﬁfé@?&g%é%ﬁi@f# (iR fiGipodts - 4C of forming

recesses 120 in the first surface of interposer substrate 110, with the addition of another layer,
namely, a second@sHiaiectiv@ is attached. FIG. 5B depicts second conductive layer 125 patterned to

expose portions of dielectric substrate member 111 where the recesses 120 are to be
formed and substantially etched back from the intended lateral boundaries of the

15  recess mouths. As shown in FIG. 5C, a recess 120 is then formed in the exposed
portions of dielectric substrate member 111 by a chemical wet etch or dry etch,
mechanical drilling or punching or laser ablation; however, the recess 120 may be
formed utilizing any method known in the art and suitable with the type of material
employed for the interposer substrate 110. The recesses 120 are preferably formed

20  to expose conductive pads or terminals 122 of the conductive traces 124, after which
additional conductive material may be placed over the exposed portion of the
conductive pads or terminals 122. As before, a conductive layer 123 may be formed
by electroless plating on the walls of the recesses 120 so that such conductive
layer 123 contacts a portion of the conductive pads or terminals 122 of the exposed

25  conductive traces 124, as depicted in FIG. 5D. As shown in FIGS. 5A through 5D
in solid lines, solder mask 118 may provide full coverage over the bottoms of
conductive traces 124 or, as shown in broken lines, may include an aperture or
apertures therethrough, for example, to provide an opening 130 to expose the
undersides of conductive traces 124 at the locations of recesses 120 or otherwise, as

30  desired, for enhanced underfill access. If a wet solder mask 118 is employed,

recesses 120 in dielectric substrate member 111 are plugged with a removable



layer 125, as shown in FIG. 5A. Such second conductive layer 125 is preferably a copper or copper
alloy layer, but may be any suitable electrically conductive 10 material, and may be patterned with
traces, depending on the needs and requirements of the particular semiconductor die to which the
interposer substrate 110 is attached. FIG. 5B depicts second conductive layer 125 patterned to
expose portions of dielectric substrate member 111 whg_e the recesses 120 are to be formed and
substantially etched back from the intended lateral boundaries of the 15 recess mouths. As shown in

FIG. 5C, a reces?]lgage dlhﬁ H%?ﬂéosr Jis ¢ ﬂ@agileaﬁﬁi’é’a%%%; E’Pétlﬁpifﬁ i%heiﬁéﬁjt‘)}fl%ﬁﬁtﬁ?tﬁ Qﬁ?é?r[%}ﬁeh,l“ by &

chemical wet etch or dry etch, mechanical drilling or punching or laser ablation; howev e’recess
120 may be formethayilizéng) abg lanathasddiooliel dattivesalpstanid meinaltsie Mith the type of material

employed for the interpgsersybstra &e%?ct%\}ﬁgﬁﬁs&%?g»s;%Qcaaﬁtarsifa%myggggﬁﬂfﬁo@ogxpose

conductive pads or terminals 122 of the con Ive traces 124, after which additional conductive
material may be pravetingerdhenskppsedrpostivsubstiate tihtuetiveisaddustaedwinalkin2Xlips before,

a conductivedayer,t o3, Ay be rANER DY SIRSLOlGS PiRinar (e iRlaLU A gesses 120 so that

such conductive lay contacts a portion of the conductive pads or terminals 122 of the exposed

25 conductive tra@ééami,l_é@ﬁiémipédemsmpw%m Kbaé@@ﬁmmmﬁmg%mﬁ@ﬂ@t%@@li@@nes, _
solder mask 118 PoRY- 1 Wé%@s@fﬂlﬁ?‘fﬁé?&ﬁ. OYEN IS NALRMEA LT SeAnNEHLNS iraGeR Ladl #5,Shown in

broken lines, may include an aperture or apertures therethrough, for example, to provide an opening

130 to expose thendaduelidide of @Qrﬁg%tléé,tmgmzlﬂﬁaﬁh@ I@n’éﬁméfiﬁéh&%@sﬂ@@lﬁw @ﬂf1erwi§e,
as 30 desired, for,gphangedndarilAGeess. i R WEESAIIELMAsK SBIRRBIPIQR] . 55G68ses 120 in

dielectric substrate member 111 are plugged with a removable -17- material before solder mask

application;lif a dbyiidn] Yornsripad padsgl is ehgsisyeendiiateagim&pliprpelamigstastesl dielectric
substrate member L EL, FIGRR: SAer8R dericksimpibie sressaeriapatyieviooka dirshmgihod of

mounting and bonding interposer substrate 110 to a semiconductor die 150 in a flip 5 chip-type

semiconductor d§9i@_:fégéi!§%(émW@@D@mﬂ@@@ﬁhﬁ@@ﬁ@%ﬁ@m%ﬁ@m&@ﬁ bidrtedposer substrate
110 aligned and fagiag. ik %%m&o[lﬁ’%%%m{%&f&cmr die 150 so that the respective

configurations or patterns of recesses 120 and conductive bumps 156 are

15  substantially mirror images of each other. As shown, solder mask 118 may have an
opening 130 defined therethrough or, alternatively, full solder mask coverage may
be provided across the bottoms of conductive traces 124, including the locations of
recesses 120 as previously described with respect to FIGS. 5A through 5D.

Conductive bumps 156 preferably comprise, but are not limited to,

20  conductive balls, pillars or columns. The material of conductive bumps 156 may
include, but is not limited to, any known suitable metals or alloys thereof, such as
lead, tin, copper, silver or gold. Conductive or conductor-filled polymers may also
be employed, although gold and PbSn solder bumps are currently preferred. The
conductive bumps 156 may be of uniform characteristics therethroughout or include,

25  for example, a core of a first material (including a nonconductive material) having
one or more conductive layers of other materials thereon. Conductive bumps 156
are preferably formed on the active surface 152 of each semiconductor die 150 at a
wafer level, but such is not required. Conductive bumps 156 may be formed by
metal evaporation, electroplating, stencil printing, gold stud bumping by wire

30  bonders, or any suitable method known in the art.

FIG. 6B depicts interposer substrate 110 mounted to semiconductor die 150

to form flip chip semiconductor device assembly 160, wherein such assembly 160



prior to the assembly thereof. Semiconductor die 150 includes an active surface 152 and a back side
or surface 154, wherein the active surface 152 includes a plurality of bond pads 158 bearing
electrically conductive bumps 156 thereon. Such conductive 10 bumps 156 and bond pads 158 of
semiconductor die 150 are of a preselected configuration, wherein the recesses 120 in interposer
substrate 110 are sized and configured to correspond ygi_th the configuration of the bond pads 158 and
conductive bumps 156 of semiconductor die 150 so that the respective configurations or patterns of

recesses 120 a”%nl%‘%ﬁ‘ﬁe%ﬂ‘é?e%ﬂ‘&sﬂ}??o%%éﬁrr%tﬁﬁi?ﬁ%@f% iﬂlﬁﬁ%ﬁa@%ﬂf%n‘%g;%m%her- As shown,

solder mask 118 may have an opening 130 rethroug ernativ solder mask
coverage may beqirespdediagrosssthie B otiorrssfscomdusttive tdbaxl kpgapesivdihdhthe locations of

recesses 120 as pIRYIRRIY ﬁ}%gﬁ@?&g%‘h SRS @oﬁbﬁfoﬁé%c‘i’i‘lr?gtiﬂé‘réE%-fgeQ’l%Pfﬁ’l?cHUmps 156

preferably comprise, but ar mited to, 20 conductive balls, pillars or columns. The material of
conductive bumpseBeonshygtancerdes beseinblytlifvitealtoe anydhostiacheaddiiehnethiesviealloys thereof,

such as lead, in.opnen et ariaslth CARUGE.qneondue ardiisd Polyers ey ihe be

employed, although gold and PbSn solder bumps are currently preferred. The conductive bumps 156
may be of uniforrctidacsicre st therethfoeisgioisosdistudes P rorag thandie berdse tofthefirst material

(including a noncondiietive Bb"i‘ltse&aﬁérfi]rﬁ}{ﬁig 19@%%9}‘35%%8@‘i’%@‘f‘?ﬂ%ﬁ&e&’%&ﬂ@&ﬁ@ﬁ%@? thereon.

Conductive bumps 156 are preferably formed on the active surface 152 of each semiconductor die

150 at a wafer Ieﬂ%l?mmfﬁ@%ﬁﬂgﬁaimddmﬁd@ﬁv&@ﬁlﬁg 1@%9}@5@@%@@1@9) Aietal
evaporation, eleci{op|ating . SHRNEH R RTRgs 931 FIUHQLTPRIG MRS SO ROREE R QY Suitable

method known in the art. FIG. 6B depicts interposer substrate 110 mounted to semiconductor die 150

to form flip éRip sePhyEeRTAWETDS Hes/law wasariisyirt 6O thaiersthaslscrf hesdmpknesm inghppsvides that
each of the CondMWB@MEHQ@d}?@ci?a%L{Hﬁ%Bﬂ?J'XHﬂ?&ﬁ%ﬁj IB:RpeRLrgsPonding recess 120 of

interposer substrate’ 110 and engages with the conductive pad or terminal 122 at the bottom of each
of the recesses 120. SuEHC8erficonB Wewictemptifaxterptshypasommby pEsinitiatgcandcnebasyahe

adhesive mounting and bonding interposer substrate 110 to a semiconductor die 150 in a flip

chip semiconductor device assembly 160. FIG. 7A illustrates the first surface 112 of

15 interposer substrate 110 aligned with and facing the semiconductor die 150 prior to
the assembly thereof. FIG. 7A is similar to FIG. 6A in substantially every respect,
except the conductive bumps 156 on the semiconductor die 150 carry a conductive
paste 182 thereon. Such conductive paste 182 may be provided on the bumps by
dipping the conductive bumps 156 into a pool of conductive paste 182 or by

20  depositing, dispensing or otherwise transferring the conductive paste 182 to the
conductive bumps 156. The conductive paste 182 may include, but is not limited to,
eutectic solder, conductive epoxy, or any nonsolid conductive material known in the
art. As shown, solder mask 118 may have an opening 130 defined therethrough or,
alternatively, full solder mask coverage may be provided across the bottoms of

25  conductive traces 124, including the locations of recesses 120 as previously
described with respect to FIGS. 5A through 5D.

As depicted in FIG. 7B, the interposer substrate 110 is mounted to

semiconductor die 150 to form semiconductor device assembly 160, wherein each of
the conductive bumps 156 is substantially inserted into a corresponding recess 120

30  of interposer substrate 110 with the conductive paste 182 engaging with the
conductive pad or terminal 122 in each of the recesses 120. With this arrangement,

the conductive paste 182 provides contact with the conductive pads or terminals 122



5 element 116 carried on the first surface 112 of the interposer substrate 110. The conductive bumps
156 on the semiconductor die 150 may then be bonded to the conductive pads or terminals 122 in the
recesses 120 of interposer substrate 110 by, for example, reflowing the conductive bumps 156 (in the
case of solder bumps) or curing the conductive bumps 156 (in the case of conductive or
conductor-filled 10 polymer bumps) as known in the art. £ ther methods of bonding known in the art
may be utilized, such as ultrasonic or thermal compression. FIGS. 7A - 7B depict simplified

-sectional vi f - ti - ing. int b Ot
comiconductor g L0 TR SR SaAoR DAL dgos seatmit T REREL SR MAITES e e

surface 112 of 15 iwteaposencutistrateSILD edigheti vithnamd f¢ing e Senvicohuliotopdies 150 prior to
the assembly theé?(?\‘;icﬁ,@h%édﬁ RS, -&’éa'%%ﬂ@%@i&!ﬁ'!{ﬁc‘éﬁa% 5‘?%9&5&@%?%%

conductive bumps 156 on the semiconductor die 150 carry a con Ive paste 182 thereon. Such
conductive paster¢gaseral20eoproteichedesiubsirbient 8 tsypriipioiridytdeseuheldivtivesbeipis ¥o6hinto a pool
of conductive pastg;k82% Rr.RY B depositing, dispensing or otherwise transferring the conductive paste
182 to the conductive bumps 156. The conductive paste 182 may include, but is not limited to,

eutectic solder, conducti&iEp8ay; &P&winbﬁgmﬂdﬁ@dma@m@cﬁmrmwa@m ithenethodef shown,
solder mask 118 &%aﬁﬁﬁ?n%hﬁﬁﬁ%@gi B0 Aeingd e touaRon calgmetvsiv gl seider mask

coverage may be provided across the bottoms of 25 conductive traces 124, including the locations of

recesses 120 as prelvRslisly diesdribdansisamespeictorriagesiasemblig 09D FXs. dépiterigtin FIG. 7B,
the interposer subgtrale L10 iR MAHUNBHIQiREMicRRIY R figita B adqren SREICAPgYGIQr device

assembly 160, wherein each of the conductive bumps 156 is substantially inserted into a
correspondify resessil P80.3@itnme sbearsninas ardich gaviesnprdosibuetrreesdsie 18® engaging with

the conductive pad o terminal 132 ineach g:éféag W&ﬁ\%ﬁa YU APIERAEIPORINERMC N6

conductive paste 182 provides contact with the conductive pads or terminals 122 -19- even if some of
the conductive bimpxitithe epadweidrispaent fPHeidnosieed ihaipdhedf thpdecarechdAlopdiBhar. Such

conductive bumpgdn§ hayingibge &Mﬁt?fﬁo?@épﬁigning the conductive bumps 156 on the

semiconductor die 150 with the recesses 120 in the interposer substrate 110, as
15  depicted in FIG. 8B. Alternatively, conductive paste 182 may be disposed into
recesses 120 without using a stencil 186, using the surface of dielectric substrate
member 111 itself as a stencil.
With the conductive paste 182 in the recesses 120, FIG. 8C depicts the
interposer substrate 110 mounted to semiconductor die 150 to form semiconductor
20  device assembly 160, wherein each of the conductive bumps 156 is substantially
inserted into the conductive paste 182 in the corresponding recesses 120 of
interposer substrate 110. As previously described in FIG. 7B, the conductive
paste 182 provides electrical and mechanical interconnection between the
conductive pads or terminals 122 or trace ends and the conductive bumps 156 even
25  if some of the conductive bumps 156 are inconsistent in height, i.e., their free ends
are noncoplanar. The semiconductor die 150 may then be bonded with the
interposer substrate 110 as previously described in association with FIGS. 6A
and 6B. It will be understood, as noted above, that stencil 186 may not be required if
the mass of conductive paste 182 is disposed and spread into recesses 120 prior to
30  disposition of an adhesive element 116 over first surface 112. Moreover, it will be
understood that conductive paste 182, if eutectic solder, may be disposed in

recesses 120 and then reflowed and solidified prior to attachment of semiconductor



provided thereon may then be bonded to the conductive pads or terminals 122 in the recesses 120 of
interposer substrate 110 as previously described in association with 5 FIGS. 6A and 6B. FIGS. 8A -
8D depict simplified cross-sectional views of a third method of preparing, mounting and bonding
interposer substrate 110 with a semiconductor die 150 in a flip chip-type semiconductor device
assembly 160. FIG. 8A depicts interposer substrate 1_%_having a mass of conductive paste 182
disposed over a 10 stencil 186, patterned with openings which correspond with recesses 120. The

conductive paste 8345 (1 SRAM AR IGDS TRSKA TN PR SIAGH B g nat the

conductive paste 182 Is deposited in each of the recesses 120. The stenci is then removed prior
to aligning the costalictifefbumpsppser snbisientedificonlticromrvdie, SEMisithdurtoedessesma0tia the

interposer substrgje 140, 4% 1R ASHEISSNEIC: B AIeTANGNe S00URNA ARG ARZ Sk DS

bl
disposed into receSses 120 wﬂ??gut using a stencil 186, using the surface of dielectric substrate
member 111 itsekclow ereployelvitilthe Bonductivergediachofia sigiecendexiyodumis! BC depicts the

interposer sUpSITale LLQ mouniadpiseicR0dor i d 0 P remisansuein, 2 device

assembly 160, wherein each of the conductive bumps 156 is substantially inserted into the conductive
paste 182 in the posteddaringsasciesseerasol 8 indighesstre substaicericrobord plefisustp@escribed in

FIG. 7B, the condyplivePATS e MANLARR placticakandi Techpnicaldnigreonaeson between the

conductive pads or terminals 122 or trace ends and the conductive bumps 156 even 25 if some of the
conductive bumps 156 dké afeshsisiintnathsigheonductieibiraw éab$o Rreusemhethtanar. The

semiconductor dig, 150, Ay 1G4S, PRAFSHIVIAINE GRS PSEUARIAE LA AR AIRNINSIY described

in association with FIGS. 6A and 6B. It will be understood, as noted above, that stencil 186 may not be

required if e md%léﬂd@hﬂbétfvéf%i@ cegh fé éﬁ@p@@éd%@%ﬁlm@gr@&@@w&mmpro 30
disposition of an pghesiye pleMERLIE AYEHVIFLSUHASEHL% MaleeYemdaIhen paariaegd that

conductive paste 182, if eutectic solder, may be disposed in recesses 120 and then reflowed and
solidified prior to bgtateehehelstselniceHauessre adus line connected to each conductive trace 124,

or by electroless plating, both techniques being well known in the art.
FIGS. 9A - 9B depict simplified cross-sectional views of a variant of the
15  above-described third method comprising a fourth method of preparing, mounting
and bonding interposer substrate 110 to a semiconductor die 150 in a flip chip
semiconductor device assembly 160. Such variant is similar to the third method as
described in FIGS. 8A - 8D of providing conductive paste in each of the
recesses 120, except the conductive bumps 156 are initially unattached to the bond
20  pads 158 of the semiconductor die 150. As depicted in FIG. 9A, the conductive
bumps 156 in the form of balls, such as metal balls, are embedded into the
conductive paste 182, which was previously spread into the recesses 120 of the
interposer substrate 110. The bond pads 158 in the semiconductor die 150 are
aligned with the conductive bumps 156 in the recesses 120 in the interposer
25  substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B. The
conductive paste 182 may comprise a solder wettable to both bond pads 158 and
conductive pads or terminals 122 or a conductive or conductor-filled adhesive. It
will also be understood and appreciated that conductive bumps 156 may themselves
comprise solder, such as a PbSn solder, and conductive paste 182 eliminated, or also
30  comprising a compatible solder.
As a further alternative and as previously described with respect to FIGS. 8A

and 8B, a conductive bump 156 to be used in lieu of a conductive bump 156 carried



die 150 to interposer substrate 110 using a second reflow to provide an indefinite shelf life for
interposer substrate 110. Alternatively, semiconductor die 150 may be aligned with interposer
substrate 110 after conductive paste disposition and a single reflow employed. FIG. 8D is an enlarged
view of a single conductive bump 156 5 carried by a semiconductor die 150 in initial contact with a
mass of conductive paste 182 disposed in a recess 1_2ﬂ_in dielectric substrate member 111 of
interposer substrate 110 over conductive pad or terminal 122 of a conductive trace 124. As a further

alternative, a co [ - ' in. erafi it inli f ctive
Dump 156 catrieq by Shanmar 10 L oot AL R
plating of conductivedpeideeqradeanineis il Wihwatlcorvgudtivevnataidakbssethas a suitdtte metal. Such
plating may be effected electrolytically, using a bus line connected to each conductive trace 124, or
by electroless plating, both techniques being well known in the art. FIGS. 9A - 9B depict simplified
cross-sectional views oflawdkianwet thepresiatbdby-des ofibedithiscskak thiod cotpesipiges fbarth method

of preparing,smoypnti ingi t . i I in.a flip chip
semiconduct%)nr1 dtg@%%gsagg& rr?lgﬁ)}%g‘%t@ﬁﬁ@\fgﬁr%g?ﬁs?ﬁ ﬁﬁ%ﬁ%@%&% gr%%%%oéls@ gt é]c;sﬁc?ig%d in FIGS.

8A - 8D of providimebonistilépshine imésseilefithelvetsessesnbis, Xtepninesond Blivsioomps 156
are initally unatache AN A0 RadsaR ldhe semicendudtene. b0, AR Aepiciarn FIG. 9A

the conductive bumps 156 in the form of balls, such as'metal balls, are embedded into the "conductive
paste 182, whichaviasapsemibliesiyvshedrenensierocessesvinle dfarsasingethoberebubithaélip10. The

bond pads 158 in {6 SeGARAUGIONIR L2061 PGS With TG AaNAURING RHaRs-dafanihe

recesses 120 in the interposer 25 substrate 110 and then mounted thereto, as depicted in FIGS. 9A -
9B. The coHductiecparieah BdizhdifcardivsioamsoierepibettiRsaenBetH B Hees 88 and conductive

pads or terminals; 2,02 GARAURNY PO eOd %QPRféQHSQcﬂﬁQﬁéiY§0.'tF\l’ﬁjlhé‘ll,SﬂlQ?eH&@@Fit%’ﬂqa”d

appreciated that conductive bumps 156 may themselves comprise solder, such as a PbSn solder, and
conductive pasteth@miipfpeisebdratisd (U eoriprsinbescobmisaniatsorest. akscatflirther alternative

and as previously. gesafiRadiWip (RHPRH QRG0S e vice assembly because the conductive

bumps 156 easily slide into their respective corresponding recesses 120 to ensure
15  proper alignment and proper attachment thereof. In addition, the adhesive
element 116 on the first surface 112 of the interposer substrate 110 as well as the
conductive paste 182 in the recesses 120 may act as a height controller for reliable
attachment of the semiconductor die 150 to the interposer substrate 110, wherein the
adhesive element 116 and/or the conductive paste 182 may be used to compensate
20  for any irregularities due to varied conductive bump sizes, recess depths and
planarity variation in the surfaces of the interposer substrate 110 and semiconductor
die 150.
As shown in FIG. 10, a dielectric filler material 166 (commonly termed an
“underfill” material) may be optionally applied through opening 130. The method
25  employed to apply the dielectric filler material 166 preferably involves dispensing
under pressure from dispenser head 164, but may include any method known in the
art, such as gravity and vacuum injecting. In this manner, the dielectric filler
material 166 may be applied into the opening 130, move as a flow front through the
multiple segments 132 and into each of the recesses 120 to fill a space around the
30  conductive bumps 156, bond pads 158 and conductive pads or terminals 122. The
dielectric filler material 166 may be self-curing through a chemical reaction, or a

cure accelerated by heat, ultraviolet light or other radiation, or other suitable means



and 8B, a conductive bump 156 to be used in lieu of a conductive bump 156 carried -21- by
semiconductor die 150 may be formed in each of recesses 120 through plating of conductive pads or
terminals 122 with a conductive material such as a suitable metal. It will be well appreciated by one of
ordinary skill in the art that, since the 5 bumps are bonded within the recesses 120 of the interposer
substrate 110 itself, the height of the flip chip SemiCOF_lgél_CtOI’ device assembly 160 is minimized.
Therefore, conductive bumps 156 may be formed larger in size than those of conventional flip chip

assemblies witho (grepsing, of £YENMINS desteRsing e heiat ahine (i shipegigonductor

device assembly 160, resulting in the increase In electrical and 10 mechanical r lity and
performance of tielnterconiheronotesibeth@erothdes srdpmsdrssabxsnet 0f hagditirormisiobnductor die

150. Further, theﬂ?f%%ﬁﬂ%‘?%ﬁﬁ?oﬁ‘d&&%ﬂ’&% 8%‘§£e?a‘h?§r‘ﬁ%t§ %Weﬂ?%@%cﬁ‘ﬁ‘dﬁ% ‘%E%?&S%%%W%%L%pea

absentin a conve I flip chip semiconductor device assemb cause the conductive bumps
156 easily slide ismndueiivesisantivie vutrropeniig hrecurbss 1@ eltmenisdrem Sipropeneaiighment and
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interposer substrate 110 as well as the conductive paste 182 in the recesses 120 may act as a height
controller for relidbkeerittachmsandichy diamibosdnsordiietasdeiacthesinrabhosed shittrpiesato,

wherein the adnhegive, flEMENEEL R AN R CORAGIVR ARSI 489 TRRY Reiser i sampgnsate 20

for any irregularities due to varied conductive bump sizes, recess depths and planarity variation in the
surfaces of the intespysed shiestratber1maheftoamisprrguctdrndiec 18¢:sA%s SRBWIPHIFG.the, a dielectric

filler material 166&@%&&@@9 &;hdwggrﬁu'&&aiggal) may be optio_nally applied thrOl_Jgh
opening 130. The method 25 employed to apply the dielectric filler material 166 preferably involves

dispensing th?lder press@W@&w@fé@&@éﬁh@é@%ﬁwﬁmm@qﬁtﬂm@wm%%om iehe art,
such as gravity agd vagym {RIeRING: Rt RN eksitbdeiaetic HisicmaknisL98ymay be applied

into the opening 130, move as a tlow front through the multiple segments 132 and info each of the
recesses 120 to filldudsaaeoneaitifeiapplying filler material to the recesses 120 because the

recesses 120 are substantially filled with conductive paste 182. Therefore, it is
contemplated that applying filler material through an opening 130 in the interposer
15  substrate 110 described in the third and fourth methods may not be necessary.

FIG. 10 also depicts conductive balls 162, such as solder balls or any suitable
conductive material, provided at the conductive pads 126 exposed at the second
surface 114 of the interposer substrate 110. Such conductive balls 162 may be
provided prior or subsequent to dispensing the dielectric filler material 166, and

20  formation thereof, if formed of solder, is facilitated by solder mask 118 (see FIG. 2)
and apertures therethrough placed over locations of conductive pads 126. Of course,
conductive balls 162 may comprise other materials, such as conductive epoxies or
conductor-filled epoxies, and may comprise other shapes, such as bumps, columns
and pillars. Once the conductive balls 162 are formed on or attached to the

25  interposer substrate 110 and the dielectric filler material 166 has been provided (if
desired or necessitated), the semiconductor die 150 may then be either partially or
fully encapsulated by an encapsulation apparatus 178 with a dielectric encapsulation
material 168 as depicted in FIG. 11. In the case of partially encapsulating the
semiconductor die 150, encapsulation material 168 may be dispensed by dispenser

30  head 164 about the periphery of the semiconductor die 150 so that the back side or
surface 154 of the die is left exposed. In the case of fully encapsulating the

semiconductor die 150, encapsulation material 168 may be provided by dispensing,



30 conductive bumps 156, bond pads 158 and conductive pads or terminals 122. The dielectric filler
material 166 may be self-curing through a chemical reaction, or a cure accelerated by heat, ultraviolet
light or other radiation, or other suitable means -22- may be used in order to form at least a semisolid
mass in the recesses 120. Such dielectric filler material 166 provides enhanced securement of the
components of flip chip semiconductor device assembjy 160 as well as precluding shorting between
conductive elements and protecting the conductive elements from environmental 5 concerns, such as

moisture. As such, co d enti esfilli Nnji L ie, the
semiconductor dES%egggéé%ng@ﬁrtgg? Iglfﬂt¥1e£)1 é)%{s%eiﬁﬂtﬂgﬁég%té}gﬁqr%%lgé %e{gs ir@é?%ﬂ%’réﬁ%%o lller material
may only be diredteeito filltheeirre dessasrentyoprateted, thansishorsagpdaaonithitetid 168dxses 120
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methods depicted’in FIGS. 8A - 8D an - 9B, the interposer substrate 110 described ft
such methods maychuste amilidegaat Biseriber for elppiyinigiteeoatingiarier toalirrsesses aid@iibaghuse the

recesses 12 are.substantiglfilled WiBCOnIHHY S ARME -+ BR N RIGOsRalls  cROtEmplated that
applying filler material through an opening 130 in the interposer 15 substrate 110 described in the third

and fourth metho@l@imaﬂyﬁﬁmlb@médéssmypw@mgﬁbwmémm@@_@ndiﬁtﬂi§@- balls 162, such as solder
balls or any suitable copgyciye,MAlehRhRIRYIHEH ARG fRRAICIVE Radshdf LYB0SRL AL e Second

surface 114 of the interposer substrate 110. Such conductive balls 162 may be" provided prior or

subsequent to digpetsingpine dicldCrivehes mpxavied ¢BeiaRaaRd 9o meskiorPiriede ofhif $@hﬁ§d€of solder,
is facilitated by sqi@fAgKL1& RG5E Fpe s@l’li*gcéﬁ‘?gléﬁat@%%@Ll‘&be‘?'?tﬁﬁfgc@{%,'%%%Qgsns of

conductive pads 126. Of course, conductive balls 162 may comprise other materials, suc

conductive Epoxisercecbhtibersnsilfedsépsxiesniad padsy Icdrmprsecdteewiespesdsuehtadbumps,
columns and pillgrs, OHRRIBE LCONALEEY S PHIS Lo A G IRIPEY LB R RHARRLCIR MG 33 dntarposer

substrate 110 and the dielectric filler material 166 has been provided (if "desired or necessitated), the

semiconductor di_@lilwhﬂélmﬁbip tsér@ii@ﬁéﬁlpfa@mawi@ﬁ FeARMERE d p8unre 8Dy erh aHealhsanstion
apparatus 178 W%ﬁb@tﬂéﬁlﬁ%‘ﬁﬁ&?@@ﬁ%@lﬂ?ﬂme 170 by reflowing the conductive (solder) balls

162 to the substrate terminal pads 176. A dielectric filler material (not shown) as
15  known in the art may then be applied between the flip chip semiconductor device
assembly 160 and the substrate 170 for securing and protecting the interconnections,
i.e., conductive balls 162, therebetween.
FIG. 12 depicts a flip chip semiconductor device assembly 160 including a
heat transfer element 180. The heat transfer element 180 may be provided over the
20  first surface 112 of the interposer substrate 110 and under the adhesive element 116
(not shown) as a thin, thermally conductive material. The heat transfer element 180
may also be provided on the active surface 152 of the semiconductor die 150 to abut
the first surface 112 of the interposer substrate 110. Another option is to provide the
heat transfer element 180 on the back side or surface 154 of the semiconductor
25  die 150 as shown in broken lines. Such heat transfer element 180 is configured and
located to thermally conduct heat generated from the electrical components of the
semiconductor die 150 and to remove such heat from the flip chip semiconductor
device assembly 160 and to reduce the incidence of thermal fatigue in the
interconnections and circuitry of the semiconductor device assembly 160 and,
30  specifically, the semiconductor die 150 as well as to reduce operating temperatures.
The heat transfer element 180 may be formed of any thermally conductive

material, such as copper and silver, but may also comprise a thermally conductive



material 168 as depicted in FIG. 11. In the case of partially encapsulating the semiconductor die 150,
encapsulation material 168 may be dispensed by dispenser 30 head 164 about the periphery of the
semiconductor die 150 so that the back side or surface 154 of the die is left exposed. In the case of
fully encapsulating the semiconductor die 150, encapsulation material 168 may be provided by
dispensing, -23- spin-coating, glob-topping, pot moldir]§4_transfer molding, or any suitable method
known in the art. It is currently preferred that such encapsulation material 168 be applied to the back

side or surtace 154, gL {1S R TRARAUCIAL A B0 ANE A, IIchile pRLMRG AR WeRt level, as

by spin-coating) prior to dispensing ad encapsulation material 168 about the penp]iﬁery of the
semiconductor didiaisorid conaersitefdepitsitedfaliy énodgsukatiagethe semiconductor die 150. FIG. 11

also depicts flip chip Se@i@&‘%eugéﬁfcﬁgy Eﬁ BETWQ{Y&%%@é&%‘?ﬁg@%ﬁs%%@*aﬁ%%&?&%&70’ such as

a printed circuit board or mo ooard. The substrate 170 inc strate upper surface 172 and
a substrate lowerssbsfeate Auhayiper POerigcess zonbeariiepsuidtecieceacheimbogdatent 76 arranged to

conespond and s, W ARG AR 197,90 e seRond sy es aainesoserapstate

110. As such, the flip chip semiconductor device assembl ay bem ly and electrically

connected to sub@f@@?ﬂ@lﬁymﬁﬂﬂm@&h@m mﬂm](ésomg_iylgfaﬁéo 1@2u§hl¢é€m§€ra§e terminal
pads 176. A dielggyric glierpaterigl (ROL SR AS T ENRWR RERE Dk iIR1E ARRlIR hetween

the flip chip semiconductor device” assembly 160 and the substrate 170 for securing and protecting

the intercon nectiéidi_é‘,t, su@f.e}caﬁi&mﬂ/e‘ W&H@@@@f@ﬁél@ﬁemmnﬁl@ frst g @ Aipetiges
semiconductor deyige AsseRl; 160 {REAING Ao OFbHADSIRLRIGMRNHE 3P AG1eR), ransfer element

180 may be provided over the 20 first surface 112 of the interposer substrate 110 and under the
adhesive eléfhent 116 (hdOShdhaydsadenit! wiesmagsiieppldvietireofratemaiseT iabsiatetfdifsfer element

180 may also be prayidshoadie aclive suace P2 tths feresONuaiRgdit. s 9R tharicthe first

surface 112 of the interposer substrate 110. Another option is to provide the heat transfer element 180

on the back side eP&uRRice3dfararahéndbemiebicdurick 0EHEABd adthecprdrrpiores lihes. Such heat
transfer element ﬁﬁ%@%ﬂggﬁﬁ% 316 and each of the openings 630 extending to a corresponding

one of the multiple recesses 620. Each opening 630 and recess 620 extends to a
15  conductive element such as a conductive trace 624 or conductive pad or
terminal 622 with one or more passages 632 comprising gaps between a conductive
pad or terminal 622 or conductive trace 624 providing communication between each
opening 630 and recess 620. In particular, the one or more passages 632 may extend
from an upper portion of each opening 630 to a bottom portion of each recess 620 in
20  the interposer substrate 610. The conductive traces 624 or conductive pads or
terminals 622 as shown in FIG. 13 are suspended and extend across an upper portion
of each opening 630 and a lower portion of each recess 620, of which each
conductive trace 624 may extend to another portion of the interposer substrate 610 to
conductive pads 626 for electrical interconnection on second surface 614 of
25  interposer substrate 610. Such conductive pads 626 may be located substantially
directly below conductive pads or terminals 622 or routed laterally across interposer
substrate 610 to various predetermined locations by the conductive traces 624.
Solder mask 618 also includes apertures therethrough at the locations of conductive
pads 626 on which discrete conductive elements in the form of solder balls may be
30  formed for external electrical connection of interposer substrate 610.
FIG. 16 depicts the interposer substrate 610 of the second embodiment

mounted and bonded to a semiconductor die 650 having conductive bumps 656 on



located to thermally conduct heat generated from the electrical components of the semiconductor die
150 and to remove such heat from the flip chip semiconductor device assembly 160 and to reduce the
incidence of thermal fatigue in the interconnections and circuitry of the semiconductor device assembly
160 and, 30 specifically, the semiconductor die 150 as well as to reduce operating temperatures. The
heat transfer element 180 may be formed of any thermally conductive material, such as copper and
silver, but may also comprise a thermally conductive -24- material that is nonelectrically conductive,

such as a thin diamang mafgrial %%9’%%%@%2&?&8@83?“8}1‘%Qé’ﬂit@oql&‘&c?omi%\ﬁ#@ or layer. FIG. 13

depicts a top plan view of a second em an interpoSer substrate 610 having a center
recess configuratiesermleg 6e¢oma mmbodimmhoilBesimithe wudedirst brmbpddheatdrmogeddspects,

except the interpgsgrsyiate 610, AL ssaand mpodieRtiATd=s Muliele RRENEy A0

through dielectric layer 611 (FIG. 14). Asin't st embodiment, interposer substrate 610 includes a
first surface 612 aedigoselosid digrfadbagdAnigiperseirstibstfist GliHaeadachedctudetheaipletivgcesses

620 therein and heprs,one, o ore;afEsVe: AR TRAS AL IS AR IR apigtgross-sectionl

views of interposer substrate 610 taken along respective section lines 14 an FIG. 13,
illustrating the mitigieicalhenings @80 tioseadidubievedtads onsasknendsdighedtwit Sssondieurface 614

of interposer subgirate 419 AP GAGNLLING RREBINAS IR IENNAIOAARIGERNANG. RfrOf the

multiple recesses 620. Each opening 630 and recess 620 extends to a 15 conductive element such as
a conductive tract®2aconEs it/ o se orderniindingant ofch bad s one e prssayesn8s08dmprising

gaps between a Gonduetiye, park grdarninal 828 A7 ARNGCLY S I5AS: 624 RreYiing Gomupupication

between each opening 630 and recess 620. In particular, the one or more passages 632 may extend

from an uppgér pottilsn BRach Bsewinly 63boisthoago mtpeaibrobtheassasee §3GH0mm 20 the interposer
substrate 610. TheceRdUGIVG Y@FESR9shel GPOAHEIYERAERIAE JEEMIFaIR SPenisshayn In FIG. 13

are suspended and extend across an upper portion of each opening 630 and a lower portion of each
recess 620, of wHkitPeassh headd@dtiveriasedre melpanehtaomngietiéd poMisisarEreUmdnbser

substrate 610 to openings 630 to be extruded through passages 632 into recesses 620 adjacent

conductive bumps 656.

15 As in the first embodiment, the semiconductor die 650 in the flip chip
semiconductor device assembly 660 of the second embodiment may then be either
fully encapsulated or partially encapsulated by encapsulation apparatus 178 with an
encapsulation material 168 as depicted in FIG. 17. In the case of partially
encapsulating the semiconductor die 650, encapsulation material 168 may be

20  dispensed by dispenser head 164 about the periphery of the semiconductor die 650
so that the back surface 654 of the die is left exposed. In the case of fully
encapsulating the die, encapsulation material 168 may be applied to the back
surface 654 of the semiconductor die 650 (which may include at the wafer level)
prior to dispensing encapsulation material 168 about the periphery of the

25  semiconductor die 650 in order to facilitate fully encapsulating the semiconductor
die 650.

FIG. 17 also depicts semiconductor device assembly 660 attached to another
substrate 170, such as a printed circuit board or mother board. The substrate 170
includes a substrate upper surface 172 and a substrate lower surface 174 with

30  substrate terminal pads 176 made to correspond and attach with conductive balls
662, such as solder balls, on the second surface 614 of interposer substrate 610.

Conductive balls 662, if solder, may be formed by placement of solder paste on



conductive pads 626 for electrical interconnection on second surface 614 of 25 interposer substrate
610. Such conductive pads 626 may be located substantially directly below conductive pads or
terminals 622 or routed laterally across interposer substrate 610 to various predetermined locations
by the conductive traces 624. Solder mask 618 also includes apertures therethrough at the locations
of conductive pads 626 on which discrete conductive glements in the form of solder balls may be 30
formed for external electrical connection of interposer substrate 610. FIG. 16 depicts the interposer

substrate 610 of i icond e 6 aving
conductive bump@%ggc%%%ggaﬁggc%\ﬁg (svlgg%ﬂ%%% ﬂ%%’gl?{%é%})%\%g%%g}’ Iﬁ)%#%ﬁ%%%%%ﬁ&%or
device assembly B0 .apphedvinsibemitottirmems ptide Eohductiberbisnps loEBvara dhcaargetisin a mirror

image of the reCes%%l?,ocﬂg%85%@8}?&6‘&91‘:&@\‘7%98?%%%1 A& BeBoRL NS aRmicondyglor die 650

and interposer substrate 610 are attached with the conductive’5 bumps 656 disposed in each of the
recesses 620 andetfievdoaductivadvgissbeBs 66leistiioaiyhstiaciciaaine! el dbudkivecsatizcor

terminals 623 or tgee GRds QithGE sﬂH@vﬁB‘B{n%Fy‘g?e@&O%lgﬁ &"ﬁeﬁ%‘%ﬁrtﬂé‘%ﬁfé%ﬂﬁh%'i&%%?@

conductive material. With the openings 630 of the se I embodiment each having one or more
passages 632 leadrighly e601rdshestbeiatedds 60 etheinganst privrstpsdegarBIREibIANdielectric

10 filler material Jt.@? E‘Bﬂﬁi@tf@@[ﬁﬁm%@htﬂ%}gb%%@eﬂf the recesses 620 from a dispenser head 164

positioned proximate and facing each of the openings 630. Dispenser head 164 may introduce
dielectric filler material 16 uhidepresaiire Men vprrMgsBBDad tnsienenidéanhnitighseassages 632

into recesses 620 adiagent GAACHELYEANIRR B3 Gl AARIRINE st RUBOLIMERL e segiponductor

die 650 in the flip chip semiconductor device assembly 660 of the second embodiment may then be
either fuIIy_1:,‘P1ca|c§§€|f§@é§@1fmﬂlmditmﬂ@/t éﬁ@ﬁﬁé@ﬂ&tébﬁfy@fé&b@dﬂ@ﬁ@h Wtéh@s‘fltmmh an
encapsulation maigiigl {688, ARRNGHRY hibGihénl A4BE FASARI RS SNGaRRMIERE the

semiconductor die 650, encapsulation material 168 may be 20 dispensed by dispenser head 164
about the periphéggassend 2@ atizcpendordieaBbt 96 HHamPEebatr T 65U bhHiEeRe isleft

exposed. In the ca3&Qf SHr more adhesive elements 716 thereon. Second surface 714 carries a

plurality of conductive elements in the form of conductive pads or terminals 722 and

15  conductive traces 724 which may have associated therewith conductive pads 726 for
formation of discrete conductive elements thereon for connecting interposer
substrate 710 to external circuitry. Solder mask 718 (FIG. 19) may be employed to
dam the bottoms of recesses 720 as well as the bottom of channel 740. Alternatively,
channel 740 may be of lesser depth than recesses 720 and not extend all the way

20  through dielectric layer 711. FIGS. 18-20 depict a channel 740 formed in a first
surface 712 of interposer substrate 710, wherein FIGS. 19 and 20 depict
cross-sectional views of interposer substrate 710 taken along respective section
lines 19 and 20 in FIG. 18. The channel 740 may, but is not limited to, extend to a
depth substantially the same as the recesses 720 and is configured to extend

25  longitudinally alongside the row of recesses 720 so that each recess 720 may directly
communicate with the channel 740. A portion of the interposer substrate 710
between each recess 720 comprises alignment fingers 742, which are defined by
forming the recesses 720 and the channel 740 therealong in interposer substrate 710.
Such alignment fingers 742 provide an alignment characteristic so that the

30  conductive bumps may be positioned and aligned with the conductive pads or

terminals 722 when being disposed in the recesses 720.



encapsulating the die, encapsulation material 168 may be applied to the back surface 654 of the
semiconductor die 650 (which may include at the wafer level) prior to dispensing encapsulation
material 168 about the periphery of the 25 semiconductor die 650 in order to facilitate fully
encapsulating the semiconductor die 650. FIG. 17 also depicts semiconductor device assembly 660
attached to another substrate 170, such as a printed ginf_uit board or mother board. The substrate 170
includes a substrate upper surface 172 and a substrate lower surface 174 with 30 substrate terminal

pads 176 made to correm%gé%{%gs &{)tﬁﬁ ‘Q’lthacs%ﬂﬂggéi&?cﬁﬁl e%éggg?&%%g@gg&g Is, on the

second surface 614 of interp strate 610. Conductive balls er, may be formed by
placement of soldengedte orerpesaonbisictiee/plde BR6E Hullavied by fasftold 2preformed and secured to

conductive pads ¢ (ﬁ?c 14 @ SyBs UL (eiming! %Ps%&?a@e%?t USGapJNRpwn in the art. As

such, the semiconductor device assembly 660 may be bonded to substrate 170 by reflowing the
conductive balls 68Dsttaihe ISl vstrdie derdhieiay phas sy 6 Padialsoric &ifillbe meaessial (Adtshomwn) may

then be applied betueen e semicenAs AisIevige. ARAMIINS80 And isaubsicate 170 for securing

and protecting the interconnections, i.e’, conductive balls 662 rebetween. FIG. 1'8‘depicts a top
plan view of a third embBHim&hdepiars ihteepaved] sHhbeane pidinnahgpandeatethatasyleonfiguration.

The interposer subsrgte. /400! 0,105 e embadimenids aITAT ihibe fstambagupent, except the

interposer substrate 710°of the third embodiment doeS not include openings extending to recesses

720 at a second sugfeidel 704 vanbsrpvsuiusadsthash Tiller Hmréﬂrw%dﬁt@@.@defmmore '
adhesive elemengg 16 MGEAT 62 BQﬂrﬁ%fﬁ%ecﬂéln‘h@la&t[lJ@rﬁ@g pharaline i canguaiivegigments in the

form of conductive pads or terminals 722 and 15 conductive traces 724 which may have associated

therewith cdfductivsepabsoroman flovrandioH o theeeemamsdbetirndistierhynisrédnifotheonnecting
interposer substiaiR ((10-18nexXG Rl GILEW YL IUAGIIRARY 416 (hlGe hDoMANkRE %%‘?1'1‘13‘1’3?%9 dam

the bottoms of recesses 720 as well as the bottom of channel 740. Alternatively, channel 740 may be
of lesser depth thireBEdsseriog. andrstesalsardlicheppromote the filler material to fill the

recesses 720. The dielectric filler material 166 introduction may also be enhanced
by a vacuum or suction means to optimize the time it takes to fill in the recesses 720.

15  Further, if conductive pads or terminals 722 cover the bottoms of recesses 720, each
conductive pad or terminal may be provided with a hole therethrough through which
air may be expelled by the flow front F of dielectric filler material 166 or to which a
vacuum may be applied. As in the previous embodiments, semiconductor die 750
may be fully encapsulated, including back side 754, with encapsulation

20  apparatus 178 and dispenser head 164 or partially encapsulated with dispenser
head 164, as depicted in FIG. 23.

FIG. 23 also depicts semiconductor assembly 760 attached to another

substrate 170, such as a printed circuit board or mother board. The substrate 170
includes a substrate upper surface 172 and a substrate lower surface 174 with

25  substrate terminal pads 176 made to correspond and attach with conductive balls
762, such as solder balls, on the second surface 714 of interposer substrate 710. As
such, the semiconductor assembly 760 may be bonded to substrate 170 by reflowing
the conductive balls 762 to the substrate terminal pads 176. A filler material (not
shown) may then be applied between the semiconductor assembly 760 and the

30  substrate 170 for securing and protecting the interconnections, i.e., conductive balls

762, therebetween.



20 through dielectric layer 711. FIGS. 18-20 depict a channel 740 formed in a first surface 712 of
interposer substrate 710, wherein FIGS. 19 and 20 depict cross-sectional views of interposer
substrate 710 taken along respective section lines 19 and 20 in FIG. 18. The channel 740 may, but is
not limited to, extend to a depth substantially the same as the recesses 720 and is configured to
extend 25 longitudinally alongside the row of recesses y20 so that each recess 720 may directly
communicate with the channel 740. A portion of the interposer substrate 710 between each recess

720 comprises alignmer]&gigggquggemg,ﬁ@%@gﬁ#@f' ’ Fﬂé ifﬁgég&}%ﬁg&%ggﬁ% %%%gnd the channel

740 therealong in interposer strate 7 alignment rs 742 provide an alignment
characteristic so thesehic BE oo etive Jourapermed inéipdzitinacdatercdedlgret ssithndietsnductive

Pads or fermina S fRRAHAR AL ASRATRS MLIBIRISPIRRiAEthial iARATRIEES 6ot

semiconductor die /50 may be moun to interposer substrate 710 so that the active
surface 752 of thendémicoingukied dies7Bo dpd e taisshiatiinsbswrfica g proefshmintégposer substrate

710 and the §°“qﬂc§lb‘1&ﬁ'ﬂ@i Sc%' 0,818 ASRASEAIRARE J?s%%?&l?e?s ﬁ%@.t%@ﬂé‘e@h%éﬁrﬂﬁ%&%tor

assembly 760, as described In the previous embodiments. FIG. 22 depicts the channel 740 having a

channel opening ?&mf@f’éssieélipémﬁé@ommw@bﬁdn@@élymI_Sfm@a),rt%'#Gtﬂ@hVW_ﬁr@h dielectric
filler material 166 mpay b itsoduas e‘%’éﬁﬂ:féﬂﬁét?&?é?ﬁ@h&ﬁ%egr‘%é}%ﬁL%Prﬁ@éﬁ&h@t%ﬂngﬁﬂgﬁser head

164 proximate the channel opening 744, wherein dielectric fi material 166 may flow and fill in
spaces around thef safitietisizsfieTgernssim wiemidtpks ey dorauch g Risespatass e @ioRsiefed with

the semiconductqy, assmblAOQuQFATERLHEIiahiDt. 1 AR ATALREHED e premate the filer

material to fill the recesses 720. The dielectric filler material 166 introduction may also be enhanced
by a vacuurtfor stiao?éanisto optipldectherelimacietiarakvie il travcepdueiorrpater 3 ¥ rther, if

conductive pads gl teHmMINAlR./ cAIEURLHIEPOHNRHODIBGHISES IrPutPAh SR Aad or terminal

may be provided with a hole therethrough through which air may be expelled by the flow front F of

dielectric filler mat&giaeeerpaistorhichca 208clierh@ybaduitiearuiplp spaispadiisrahissddiments,

semiconductor dig {3fimns and rows separable along borders 253 as shown in broken lines, wherein
the semiconductor wafer 250 includes a back side or surface 254 and an active
15  surface 252 and each semiconductor die 251 includes conductive bumps 256 in a
configuration dictated by the bond pads 258 on which they are formed.

The interposer substrate 210 includes a first surface 212 and a second
surface 214 with multiple recesses 220 formed in the first surface 212 and
openings 230 having passages (not shown) formed in the second surface 214. The

20  recesses 220 formed in the interposer substrate 210 are made to correspond in
substantially a mirror image with the bump configuration on each of the
semiconductor dice 251 of the semiconductor wafer 250. In this manner, the
interposer substrate 210 may be attached to the semiconductor wafer 250 via an
adhesive element 216 on the first surface 212 of the interposer substrate 210 so that

25  the conductive bumps 256 on the semiconductor wafer 250 are inserted into and
substantially received within the multiple recesses 220 formed in the interposer
substrate 210 to form a wafer scale assembly 260, as depicted in FIG. 24B. The
wafer scale assembly 260 may then be singulated or “diced” along the borders 253
of the semiconductor wafer 250 via a dicing member such as a wafer saw 280 to

30  form individual, singulated flip chip semiconductor device assemblies that each
include one or more semiconductor dice 251 having the separated interposer

substrate 210 of the present invention mounted thereon.



may be fully encapsulated, including back side 754, with encapsulation 20 apparatus 178 and
dispenser head 164 or partially encapsulated with dispenser head 164, as depicted in FIG. 23. FIG.
23 also depicts semiconductor assembly 760 attached to another substrate 170, such as a printed
circuit board or mother board. The substrate 170 includes a substrate upper surface 172 and a
substrate lower surface 174 with 25 substrate terminal pads 176 made to correspond and attach with
conductive balls 762, such as solder balls, on the second surface 714 of interposer substrate 710. As

such, the semiconductoM}é%sgtr@tti)ﬁ!)(,v7a(13§g i’lg% Qf?ﬁ%}%gi 6?‘*&? g&gﬁlejdﬁg Qé’s gg&%\gﬁi@e conductive

balls 762 to the substrate terminal pa material (not shown) may t e applied
between the semidérid icerBistanBly87260 Ruf B3 the ybathata Ve fopss22uriry Aadgrdeddting the

interconnections, ;e GORAHGY %&%%Fte?&%aefﬂ%e&%%ggﬂef%%D/%‘& ﬂ?e%g%‘i?rg %ﬁiﬁ%ﬁcgﬂ 13Ad 248,

the interposer substrate 110 of'the present invention may also be forme nitially on a wafer scale
corresponding to andsdasictnatlyclomeetfdrecsamyingduplor atitjeo L0 sindgl steld swalicotieiporst dice 150

and then singulateg qr.REBRAIFY AR A ARN DY ACRIRRIPRES I A palelal fip chip

semiconductor dewce assemblies 160. As used herein, the term “wa s not limifed to conventional
substantially circ@ipgnsegniédhdodtomaatens baltselemaaytbearny Yadgé actie kusknete pictbding a layer

of semiconductor,mafeyial gt svificignhsizripniermanion @b Ty URIR digh (RS 1GER 21K gempasses

portions of such large-scale substrates bearing multiple semiconductor dice. In particular, 10 FIG. 24A
depicts a simplifisgits assc8B8HG08 vlewtsrausapilgspi@uctor wafer 250 facing a wafer scale interposer

substrate 210 prior to mpjgiah3tiachment JhSigokiTNESEMIcaRGUGIohNAIRE 30iRRlIRgtyely includes

multiple semiconductor dice 251 1n columns and rows separable along borders 253 as shown in
broken lined Owheésmatiecgenasicorinicaiatienan2boiiidodesparnshiek ide wrssuriabey 2Baeid an active

15 surface 252 aﬂﬂa%@“%&é?cf'ﬁ&&"&%ﬁé@fr%@@& RCIARS SARRUCHYS QUMRS de8JP de Capfiguration

dictated by the bond pads on which they are formed. The interposer substrate 210 includes a first
surface 212 and Aastewlag in this first alternative, there is an I-shaped bond pad configuration,

wherein multiple recesses 320 are formed over the upper surface 312 of interposer
substrate 310 that are aligned in the shape of an “I”’ with adhesive elements 316
15  disposed on either side of the body of the “I”” and between the ends thereof. In
another alternative recess configuration, the recesses may be formed in an interposer
substrate around a periphery thereof. Such alternative is depicted in FIG. 26 of a top
plan view of an interposer substrate 410 with an adhesive element 416 at a center
portion of interposer substrate 410 and recesses 420 formed thereabout and
20  proximate a periphery of interposer substrate 410. As in the previous recess
configurations, the periphery recess configuration in interposer substrate 410 is
made to correspond with a substantially “mirror image” bond pad configuration on
an active surface of a semiconductor die.
As previously described with respect to the center row recess configuration,
25  both the I-shaped and the periphery configurations depicted in FIGS. 25 and 26 may
include one or more openings in a surface of the interposer substrate opposing that
through which the recesses are formed with passages extending therefrom to each of
the recesses. As such, subsequent to mounting a bumped semiconductor die to the
interposer substrate, dielectric filler material may be applied through the opening
30  and passages to fill the recesses and protect the conductive bumps disposed therein.
FIG. 27 depicts a cross-sectional view of a semiconductor assembly 460

including a semiconductor die 450 mounted face down to an interposer substrate 410



surface 214 with multiple recesses 220 formed in the first surface 212 and openings 230 having
passages (not shown) formed in the second surface 214. The 20 recesses 220 formed in the
interposer substrate 210 are made to correspond in substantially a mirror image with the bump
configuration on each of the semiconductor dice 251 of the semiconductor wafer 250. In this manner,
the interposer substrate 210 may be attached to the sgmiconductor wafer 250 via an adhesive
element 216 on the first surface 212 of the interposer substrate 210 so that 25 the conductive bumps

256 on th i i ' iall ' ithin th Itipl

recesses 220 for e e R e e A e eprictes

in FIG. 24B. The Mw@l@mﬁal}g@mmmmlmwmmw “fidedn atongulls borders 253

of the semicondugigt. yalek #5QuR AFIRBGMPAIRGIIEM A3 ANALCK o 78D G fgm individual,
evice assémblies that ea u

singulated flip chip semiconductor ch include one or more semiconductor
dice 251 having th@iﬁbpma@hdﬁmmggbdtﬁa&é_@wbﬁttﬂ@ éfdseﬁthfﬂlﬁﬁtmﬁmhl@écflﬂWeon.
.29 AIso at the WaIgL YL aRd ARRLRYIBHSHS A RATIRGH I ASSBRAION WIMICR A8 AT B
8A-8D, 9A-9B, the conductive bumps 256 may be bonded to the conductive pads orterminals in the
recesses 220 to, direpsfipbeime dvaictal b dist: cane it metsat bhn éconhe naedtid arokiciotawafer 250

to the wafer scalqDiepaRel, SHRBY AR 2H8- 15 ﬂﬁgé@ﬂe diglretic Jlgs msHiRhmmaRg applied
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10 alternative recess configuration made for corresponding to a substantially "mirror image" bond pad
configuratiolon #ecathvet§(rfardisiieasiamitiindvetaraiglomtqrivieq dapositivg. firaediernative, there is
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312 of interposer substrate 310 that are aligned in the shape of an"I" with adhesive elements 316 15

disposed on eithensiisubtitne Hokyiak 1he be anidiebip/rbask swdacedrdsf the semiconductor

die 450 at the wafer level or prior to dispensing the dielectric filler material 166
about the periphery to facilitate fully encapsulating the semiconductor die 450.

15 Further, in this alternative embodiment, it is preferred that the semiconductor
die 450 is assembled and bonded to the interposer substrate 410 with the conductive
bumps 456 disposed in the conductive paste 182 as described in FIGS. 8 A-8D and
9A-9B; however, this alternative may also employ the methods described in
FIGS. 6A-6B and 7A-7B for assembling and bonding the semiconductor die 450 to

20  the interposer substrate 410.

As illustrated in block diagram form in drawing FIG. 28, flip chip
semiconductor device assembly 160 of the present invention is mounted to a circuit
board 570, such as previously discussed substrate 170, in a computer system 500. In
the computer system 500, the circuit board 570 is connected to a processor device

25 572 which communicates with an input device 574 and an output device 576. The
input device 574 may be a keyboard, mouse, joystick or any other computer input
device. The output device 576 may be a monitor, printer or storage device, such as a
disk drive, or any other output device. The processor device 572 may be, but is not
limited to, a microprocessor or a circuit card including hardware for processing

30  computer instructions. Additional structure for the computer system 500 is readily

apparent to those of ordinary skill in the art.



another alternative recess configuration, the recesses may be formed in an interposer substrate
around a periphery thereof. Such alternative is depicted in FIG. 26 of a top plan view of an interposer
substrate 410 with an adhesive element 416 at a center portion of interposer substrate 410 and
recesses 420 formed thereabout and 20 proximate a periphery of interposer substrate 410. As in the
previous recess configurations, the periphery recess 99ln_figuration in interposer substrate 410 is
made to correspond with a substantially "mirror image" bond pad configuration on an active surface of

a semiconductor die. Asurey ibed wi t .rec I ion, 25
both the I-shaped and tﬁég gmé}rﬁ?;%g&%é\égrplséggég%%dﬂ%hﬁé%mgé?nmd5%6%215%@1%%@0ne or
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a bumped semiconductor die to the interposer substrate, die material may be applie
through the opening3Giddpaskisgesasd fill Ihandecosdscaivg pvorediibrefoonad bivieibewnis disposed
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semiconductor die 450 mounted face down to an interposer substrate 410 -30- having a peripheral

recess configu ratfephaigecan @%rﬁa@&@%@ﬁf@éﬁb%ﬂ@h@@iél@_@m@mwmmﬂia@ll@&ttyfthg
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head 164 around the  periphery of the semiconductor die 450 so that the dielectric filler material 166
flows 5 under thePSeialicn afl aeroi ity 2 5onaprd | afbaitaiies SHrdupvepapsd s aBacaddbent the die

periphery. As suah, thie. dielgqirssfisgmaterial h86 iaaly nRefas PimIMals idhe capdustive bumps

456 and not under the entire die as done conventionally. The semiconductor die 450 may be left

exposed or ]éhc_apgbmféé biPeischpnalagiand @Wéﬁé@ﬂ@ﬂ&%@ﬁm@%vm@céﬂgaﬁgﬁﬂa‘ﬂion material
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transfer molding, or any other suitable method known in the art. It is preferred that such
encapsulation mareiilipieeBipdi Bppmatetthedsaldk euiied wbhfaprdyehyie bHEWSLHP Odiands0 at the

wafer level or priquEQ) %@?mmﬁék@c%i&éfﬁ‘ém%fé'%%'id&?t%ﬁkéi@@ elements 116 may, as shown, be

used, or may be omitted, as desired.

15 In a variation of the approach of FIG. 29, it is also contemplated that, in lieu
of using dielectric filler material 166 and to provide an interposer substrate-to-die
adhesive instead of using a separate adhesive element 116, a nonconductive film
NCEF, as shown in broken lines in FIG. 29 may be disposed over interposer
substrate 110 after formation of conductive bumps 156a thereon and prior to

20  assembly with a semiconductor die 150 carrying conductive bumps 156b. When the
semiconductor die 150 and interposer substrate 110 are pressed together, conductive
bumps 156a and 156b will penetrate the nonconductive film to initiate mutual
electrical contact therebetween. Suitable nonconductive films include the UF511 and
UF527 films offered by Hitachi Chemical, Semiconductor Material Division, Japan.

25 Thus, it will be apparent that the flip chip semiconductor device assembly of
the present invention provides a compact, robust package at a reduced cost in
comparison to conventional bumped semiconductor die assemblies employing dual
conductive layer interposers. For example, a package height reduction of about 90
um may be effected using a 100 xm thick dielectric member and eliminating a

30  second 12 um thick conductive layer adjacent the semiconductor die, even with a 25
um thick adhesive element comprising a tape disposed between the semiconductor

die and the interposer substrate, since the discrete conductive elements or conductive



about the periphery to facilitate fully encapsulating the semiconductor die 450. 15 Further, in this
alternative embodiment, it is preferred that the semiconductor die 450 is assembled and bonded to
the interposer substrate 410 with the conductive bumps 456 disposed in the conductive paste 182 as
described in FIGS. 8A-8D and 9A-9B; however, this alternative may also employ the methods
described in FIGS. 6A-6B and 7A-7B for assembling aRgd bonding the semiconductor die 450 to 20 the
interposer substrate 410. As illustrated in block diagram form in drawing FIG. 28, flip chip
semiconductor deyje saSPﬁt{)PB% i'n%%gé %%&5%8313# '@’ﬁﬁf&?&}%&g&%&e\gﬁﬁiﬁ LGl Roarg pr0, such
as previously discussed substrate 170, in a computer system’500. In the computer system 5%0, the
circuit board 570 delwntine otethborapoiosseorgetiied 2587 prioiokdasbbyrthemieete Eloitieal input device

574 and an output i : [ ' S e, ] i<k;q any other
computer inptljt gg\%@%&@ﬁe@ﬁt—%@%%&%&ﬁ g g QZ@JH{%YCBS@&RYW e CJ)?%%{% il

576 may be a monitor, printer or storage device, such as a
disk drive, or anytmﬁerrmqaiaﬂﬁ@ﬂG@Q?thqﬁmés@dﬁ@ém@étm th&ylbb,abdmi@‘medimi.ted to,a
microprocessor of & ik SAIFLING ARG TR iese. oL RIRRESRING SNEaMAUSIIDSIClpg S, Additional
structure for the computer system 500 is readily apparent to those of ordinary skill in the art. -31- As a
further approach Wpteméﬁﬁh@eﬂ’q@w@wncméimtmpdh@ﬁas H@_(pfcﬁéﬁlqﬁﬂtl@ SgnigATARSEPoSser
substrate 110 may be, pravides ARG RANAYSHNE JRcesitaddaminated dbricip.dhrpagems thereof
being fully covered or, optionally, uncovered by solder mask 118, and a conductive bump 156a
formed by reflowQﬁ‘?ﬁ@@l@érﬁ_@r@drﬁ*ﬂj‘(ﬁ%é@@)&)‘@fbﬁfa@s@ﬁ @@ﬁ@ﬂ&i@@@éﬁ_t@@@@ﬁlm bottom
of each recess 130 ielagic ! el 160 iRER AISRRSRM QXA AR TR RURRS, 196 I
each recess 120 as shown. A semiconductor die 150 carrying a like pluraliy of conductive bumps
156b arra_nde fod1§9|§éﬁmpga§éarg@ma@bwiﬂf Cémd_ae%ﬂcxbmp@p@ayﬂ@arwmﬁ%émm@mtor die 150 is
aligned with interpgser 40, SHRRE AR Jrileit IRhAIIS PHELIMRINOSE,RUASIRE dhiQiandjvertically
pressed thereagainst as depicted by arrow M, the die placement'motion squeezing the nondielectric
filler material latefeglynéuRosgt ssbstigiedopidgaveydienp e seaigpaductor die.

The present invention may employ a recess lateral dimension or diameter

which is far in excess of the lateral dimension or diameter of an associated
15  conductive bump, thus greatly facilitating bump and recess alignment by loosening
required dimensional tolerances. For example, a 75 yum bump may be employed
with a 120 ym recess using a 175 um pitch.
It is anticipated, as previously noted, that various types of conductive
bumping may be used to implement the present invention. However, it is currently
20  believed that gold stud bumps used in combination with a solder paste disposed in
the recesses are particularly suitable for prototyping and low volume production due
to their advanced state of development, low cost, flexibility in accommodating
different bond pad layouts and fine pitch capability.
In addition, the use of a flexible interposer substrate easily accommodates
25  minor variations between heights of various conductive bumps and lack of absolute
planarity of the semiconductor die active surface as well as that of the terminals.
Further, encapsulation, if desired, of some or all portions of the periphery and back
surface of the semiconductor die by a variety of methods is greatly facilitated, as is
incorporation of a thermally conductive heat transfer element such as a heat sink
30  without adding complexity to the package. If an adhesive element employing a tape
is used to secure the semiconductor die and interposer substrate together, different

bond pad arrangements are easily accommodated without the use of a liquid or gel



156b meet and make conductive contact. Adhesive elements 116 may, as shown, be used, or may be
omitted, as desired. 15 In a variation of the approach of FIG. 29, it is also contemplated that, in lieu of
using dielectric filler material 166 and to provide an interposer substrate-to-die adhesive instead of
using a separate adhesive element 116, a nonconductive film NCF, as shown in broken lines in FIG.
29 may be disposed over interposer substrate 110 aftgiformation of conductive bumps 156a thereon
and prior to 20 assembly with a semiconductor die 150 carrying conductive bumps 156b. When the
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Suitable nonconduestive filkackin€kajgatraityRs theavd dwrSR diimps offereurbgopdenthi Ghemical,

Semiconductor Mg e\tﬂé‘feﬁ)i}é@i’@nd’ﬁp Ve LIYolind RS Hi%rﬁf?ééﬂ% Sﬂ%@'&iﬁﬁemiconducmr

device assembly of the present invention provides a Compact, robust package at a reduced cost in
comparison to cosubstiibhab suffipsa idendcondurteppie dssensbiicscataplofithy dorductrguctive layer

inerposers. Eor gaple. & RAGKAGE heialaretion ofebaun a3, PRl meye eLARIed R0 2 100 pm

thick dielectric member and eliminating a 30 second 12 pm thick conductive layer adjacent’the
semiconductor digereivenduitioad2splageniiok Huhepi/eaYerpicrt coRmesingbatapetisposed between

the semiconductoy, §lig Ang e IEROSBLURSHAIE. 7G5 A LR BlfCRRALCHVR Slgments or

conductive -32- bumps of the die may be substantially completely received within the recesses of the
dielectric membepr\sfdrasipycoattivanaiandbthsrovitied of s eapeordecinichie. chnpedhionthsliability is

improved, since the, qondngfiva PYTIRSAERSAIACL YN G RIRInalS.ALLNG fRgans Batims, either

directly or through aninterposed 5 conductive material within the recesses, eliminating the need for
conductive Vs andteaidlelbetipalastntret ismppistavosalzasisscetnon Bthen hpdraaveret e

semiconductor digygantagted Ay chCRPIURIYE YRRRAMRLA Yif AN RARORLEISGHITRIGIRGECtion

between the via and a second conductive layer on the opposite Side of the interposer substrate.
Moreover, due toftecstpaihtetfssmint] cre segh cenduriar gecsishiddrinnets sulD Eiee isaetonieda large

number of condugliys BURMRS:FAE R dRINHEL 5 S BiHe@ gether. These advantages are

applicable to both rigid or flexible interposer substrates.

15 Further, use of tape facilitates handling of the assembly prior to reflow of
solder-type conductive bumps in the recesses as well as rework, as the assemblies
may be electrically tested before reflow and before a dielectric filler is applied
and/or the semiconductor die encapsulated and a defective die removed and
replaced. The presence of the tape also reduces the volume of dielectric filler

20  material (if employed) required between the interposer substrate and semiconductor
die and its compliant characteristics reduce the potential incidence of stress-induced
defects due to thermal cycling of the assembly during operation.

While the present invention has been disclosed in terms of certain preferred
embodiments and alternatives thereof, those of ordinary skill in the art will

25  recognize and appreciate that the invention is not so limited. Additions, deletions
and modifications to the disclosed embodiments may be effected without departing
from the scope of the invention as claimed herein. Similarly, features from one
embodiment may be combined with those of another while remaining within the
scope of the invention. For example, the opening 130 and segments 132 described

30  in association with the centrally aligned recess configuration in interposer
substrate 110 in FIGS. 1-3, may also be provided and adapted to the I-shaped recess

configuration of interposer substrate 310 and the periphery recess configuration of



connection using the present invention as all rerouting is carried out on the side of the interposer
substrate facing away from the semiconductor die. The present invention may employ a recess lateral
dimension or diameter which is far in excess of the lateral dimension or diameter of an associated 15
conductive bump, thus greatly facilitating bump and recess alignment by loosening required
dimensional tolerances. For example, a 75 pm bump may be employed with a 120 pm recess using a
175 pm pitch. It is anticipated, as previously noted, that various types of conductive bumping may be
used to 'mp'eme”ﬁ(‘é]@c}%: ?%ﬁ% YERTG M @ %3% souly;veR belie ‘A%E} ﬁfa [g‘%b?%‘? bumps
used in combinatio a so r paste disposed in t e rec ses are particularly sui or
prototyping and lowemsiamis peottuepieredae aftotdeie advaniegdsdtatesofimipdies lopnsangidow volt, flexibility
otk AN hand R ehgs. ANANINR MIdD cARebilE A AEIRn. e use of a fexioe
interposer substrate eaS| y ac ates 25 mino varlatlons Jetween heights of various conductive
bumps and lack @ﬁldlmbmcgtwmaﬂfiﬁbgtmﬁsemld(mdlﬁb@@lblﬁeﬂa@@@éewrfaﬁea%-well as that of the
terminals. Fyrther, encapsulation, if desired, of some or all portions of the periphery and back surface
of the semiconductor die by a variety of methods is greatly facilitated, as is incorporation of a
thermally conductive heat transfer element such as a heat sink 30 without adding complexity to the
package. If an adhesive element employing a tape is used to secure the semiconductor die and
interposer substrate together, different bond pad arrangements are easily accommodated without the
use of a liquid or gel -33- adhesive and attendant complexity of disposition. Further, tape may be used
to resolve a lack of coplanarity of the conductive bumps on a semiconductor die or at the wafer level
and to provide cushioning during die attach to the interposer substrate, as sufficient force may be
applied to ensure contact of the conductive 5 bumps with terminals without damage to the assembly.
More specifically, during semiconductor die placement, the tape may act as a stopper or barrier and
as a cushion. If a conductive paste is deposited in a via, the tape acts as a barrier to prevent paste
contamination of the surface of the semiconductor die. If, on the other



hand, solidified conductive bumps are used, when heat is used to soften the bump 10 material, the
tape acts as a stopper as well as a cushion when the bump material relaxes. In addition, tape
accommodates the "spring back" effect exhibited when force used to assemble a semiconductor die
and interposer substrate is released, helping to keep the interconnection or joint together. These
advantages are applicable to both rigid or flexible interposer substrates. 15 Further, use of tape
facilitates handling of the assembly prior to reflow of solder-type conductive bumps in the recesses as
well as rework, as the assemblies may be electrica&){j}gﬂ?d before reflow and before a dielectric filler
is applied and/or the semiconductor die encapsulated and a defective die removed and replaced. The
presence of the tape also reduces the volume of dielectric filler 20 material (if employed) required
between the imerﬁ%%}‘?ﬁsséigﬁff gand semiconductor die and its compliant characteristics reduce the
potential incidence of stress-induced defects due to thermal cycling of the assembly during operation.
While the present invention has been disclosed in terms of certain preferred embodiments and

alternatives @ereof, tho§ge of OE«QFH ¥ igéﬂlf%&&wwd%@i@%m Res '!ate that the invention

is not so limited. Additions, deletions and modifications to the disclosed embodiments may be effected
without departingatitest hie seapecoddstoiriie hagmagitrihied éremaGimitaely stetagadbdrom one

embodiment may be Coﬁll?f{?@gu\“ﬁ@etﬂﬁ’vqi‘ﬁg)g %ﬂﬁ%ﬁﬁ‘& ng&l@a@giggﬂgmﬂ&tgﬁuscope of the

invention. For example, the opening 130 and segments 132 describ 0 in association with the
centrally aligned PECESIResSTiGUPatIat I itiarp dsel sutssy and p1Odad asfagegtha iyiaresde provided

and adapted to the |-shagsdgesss . ganiguralieneLINIRIRPRR] SURHRIS A A AN de periphery

recess configuration of -34- interposer substrate 410 in FIGS. 25 and 26, reéspectively. In addition, the

present invEhtion is corfreigipsiare thersiaffo fonny thefhsitagdace epsdeieisiie oLBiIpglHEH S well as
flexible interposer substaﬁig%tgpllégg, aoé(gl@l{(g@gf semRiieatves e m%ggm@%ggﬁmgfer greater
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utility to flexible interposer substrates. 5 _ o
interposer substrate mounted to the at least one semiconductor die with the

plurality of conductive bumps substantially received in the plurality of
recesses, the plurality of recesses sized so that a gap is left surrounding at

15 least a portion of at least some of the plurality of conductive bumps in the
plurality of recesses, the interposer substrate including at least one opening
extending therethrough, the at least one opening being in communication
with the gaps; and

a dielectric filler material extending from the at least one opening into the gaps.

20

2. The assembly of claim 1, wherein the at least one opening comprises

a plurality of passages extending to the plurality of recesses.

3. The assembly of claim 2, wherein the plurality of passages comprises

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

4. The assembly of claim 1, wherein the at least one opening comprises
a plurality of openings, each extending to a bottom portion of one of the plurality of
recesses.
30
5. The assembly of claim 1, wherein the at least one opening is formed

through the second surface of the interposer substrate.



CLAIMS What is claimed is: 5 1. A flip chip semiconductor device assembly comprising: at least one
semiconductor die having an active surface and a back surface, the active surface having a plurality
of conductive bumps thereon; an interposer substrate having a first surface and a second surface, the
interposer substrate including a dielectric member having a plurality of recesses 10 extending
thereinto from the first surface, each recess of the pluggt_y exposing at least a portion of a conductive
element at a bottom thereof, the interposer substrate mounted to the at least one semiconductor die

with the plurality of conductiv i ecel [ i r e plurality
of recesses sized so thagt'a ga??é%:g%%slﬁ?r%?ﬁ?%ﬁr%%t{iﬁgla%% gh ;%2%%%@% ?ega?ﬁ ﬁs%scn%gégﬁ H?g plurality
of conductive burapbamntidophediimtlef fesiessésethé trténpopesassbbutzate imnduadirg dinplistone

opening extending ! ‘;c‘)a'fﬁ%}{%‘f%%%W@@}J%ﬁhgpe%gﬁ%@&?&ﬁ%i{b g1 AT ﬁlié%%)r Sithye gaps; and

a dielectric filler mat extend ont the at one opening Into the gaps. . The assembly of
claim 1, wherein theregfleast one opening comprises a plurality of passages extending to the plurality
of recesses. 8. The assembly of claim 2, wherein the plurality of passages comprises 25 one or more
passages extending to each of at least some of the plurality of recesses. 4. The assembly of claim 1,

wherein the at least one’openifddeospprbbsd ?il%imlﬁy\bh@p'@mﬁ@@?\édéﬁféh@dmngﬁi@&t@mom portion
of one of the plurglify 0, "REESSGS 39 Me PG-ARSUPRNLLLAIN %g%’iﬁ'@?ﬁ?dr{ﬁgﬁt%é@%rﬁé‘e opening Is

formed through the second surface of the interposer substrate. -36- 6. The assembly of claim 1,
wherein the at leds¢apes opEringiapesrisekstathannel formed in the first surface of the interposer
substrate and extending from

10 8. The assembly of claim 6, wherein the channel comprises a channel
opening provided at the periphery of the interposer substrate, the channel opening

configured to receive the dielectric filler material in nonsolid form.

9. The assembly of claim 6, wherein the channel comprises a portion of

15  the active surface of the at least one semiconductor die as a top wall of the channel.

10. The assembly of claim 1, wherein the active surface of the at least

one semiconductor die lies adjacent the first surface of the interposer substrate.

20 11. The assembly of claim 1, wherein the first surface of the interposer
substrate comprises an adhesive element attaching the first surface of the interposer

substrate to the active surface of the at least one semiconductor die.

12. The assembly of claim 1, wherein the plurality of recesses comprises
25  arecess configuration which is substantially a mirror image of a bond pad

configuration on the active surface of the at least one semiconductor die.

13. The assembly of claim 12, wherein the recess configuration
comprises at least one of a center row recess configuration, an I-shaped recess

30  configuration, and a peripheral recess configuration.



one portion of a periphery of the interposer substrate to at least an interior portion thereof. 5 7. The
assembly of claim 6, wherein a sidewall of the channel extends beside at least some of the plurality of
recesses and opens into the at least some recesses in the interposer substrate. 10 8. The assembly
of claim 6, wherein the channel comprises a channel opening provided at the periphery of the
interposer substrate, the channel opening configured tp;receive the dielectric filler material in nonsolid
form. 9. The assembly of claim 6, wherein the channel comprises a portion of 15 the active surface of

the at least one semicorqugctorﬁ{'g a%%?nhq?oxrﬁéangefﬁ re\p%]m gsﬂ;%%lzﬁgﬁggg a%ﬁlaim 1, wherein

the active surface of the at least one semi ctor die lies adjacent tAe first surface of the interposer
substrate. 20 11.Mhersddemisly of aldimal leekievairstina dirsdwtiriadie of décitarpoisdly substrate

comprises an adtéﬁgg\?glﬁg%qﬁg_ta@f%gp&g ggﬂ‘&r&{ tfacq Of the interposer substrate to the active

t :
surface of the at least one semiconductor die. 12. The assembly of claim 1, wherein the plurality of
recesses comprises 25 a recess configuration which is substantially a mirror image of a bond pad

configurationyon the actys surifge ALY AL PSFANE STIEANAVSIRGHIP.A TS ARSFAI.QL o

12, wherein the recess configuration comprises at least one of a center row recess configuration, an
I-shaped recess Sbwwrifiguranien canduaterisbieren pédesss suntighihtsandgrtivacieherissembly of

claim 1, further cg@aﬁgmg,qﬁk&gggpg&laﬁgﬂmﬁe&@l{g{g}ed over the at least one semiconductor die

to at least partially encapsSulate the at least one semiconductor die. 5 15. The assembly of claim 1,
wherein the second surface of the interposer substrate includes conductive balls on at least some of

the conductive elements o elegificallyimiSTPARRR! ORI UYL BT PG assembly of claim 1,

wherein the dielectric filler material 10 comprises a resin.
10 comprises a resin.

17. The assembly of claim 16, wherein the dielectric filler material

comprises at least one of a thermoset resin and a thermoplastic resin.

15 18. The assembly of claim 1, wherein the interposer substrate comprises

a flexible dielectric tape.

19. The assembly of claim 1, wherein the interposer substrate comprises
at least one of a polymer material, BT, FR4 laminate, FRS laminate and ceramic.
20
20. A semiconductor assembly comprising:

a wafer including a plurality of unsingulated semiconductor dice, each of the
semiconductor dice having an active surface and a back surface, the active
surface of each of the dice having a plurality of conductive bumps thereon;

25  a wafer scale interposer substrate member comprising a dielectric member and
including multiple unsingulated interposer substrates, each arranged and
dimensioned to correspond with one of the plurality of semiconductor dice,
each of the interposer substrates having a first surface, a second surface, and
a plurality of recesses extending thereinto from the first surface, each recess

30 exposing at least a portion of a conductive element at a bottom thereof, the
wafer scale interposer substrate member mounted to the wafer with the

conductive bumps on each of the semiconductor dice substantially received



17. The assembly of claim 16, wherein the dielectric filler material comprises at least one of a
thermoset resin and a thermoplastic resin. 15 18. The assembly of claim 1, wherein the interposer
substrate comprises a flexible dielectric tape. 19. The assembly of claim 1, wherein the interposer
substrate comprises at least one of a polymer material, BT, FR4 laminate, FR5 laminate and ceramic.
20 20. A semiconductor assembly comprising: a wafeté'ggluding a plurality of unsingulated
semiconductor dice, each of the semiconductor dice having an active surface and a back surface, the
active surface of each gf, the giﬁlea ¥ Y&‘P9e%§L%E%W)‘h%ﬁﬁ%’?é‘é’s%&"égﬁ%@% Eﬁgﬁq&r Gy water scale
interposer substrate member comprising a dielectric member and including multiple unsingulated
interposer substrates, e&slesnasigedisaribadiraamsidekddpeartregpondnetatdaesofahe pluhality of
semiconductor dice, eachqf thedwerRsFUBRIAIRS BAMOL RIS HSIARE  Repeond surface. and a
plurality of recesses extending thereinto from the first’surface, each recess 30 exposing at least a
portion of a conductive élésiericainglbditgmttleeseofnicthpenvagan shaldidhteposwntdishenomember
mounted to tge water will i, fRAAYFIRATRS OfAAGHAL B SIGANAHE AL AR RosiATTally
received -38- in the plurality of recesses in the interposer substrates, the plurality of recesses sized so
that a gap is left adjacersoadystisnbofs|entiespliiel iF thierecestdsictivé bumps in the plurality of
recesses, each of (e IRPARE SHSIAIRR ARG AHEAT.AN% AP RIAGhIn t6 AElRgUlG member
thereof in 5 communication with at least some of the gaps surrounding the at least some conductive
bumps in the plurality ofsrseesééke apeba dielectric filler material extending from the at least one
opening into the at least some of the gaps. 10 21. The assembly of claim 20, wherein the at least one
opening comprises a plurality of passages extending to the plurality of recesses. 22. The assembly of
claim 21, wh@rein the pldtality dhpassegbly of claim 20, wherein the at least one opening

comprises a plurality of passages extending to the plurality of recesses.

22. The assembly of claim 21, wherein the plurality of passages

comprises one or more passages extending to one of the plurality of recesses.

15
23. The assembly of claim 20, wherein the at least one opening
comprises a plurality of openings in each of the interposer substrates, each of the
plurality of openings extending to a bottom portion of one of the plurality of
recesses.
20

24.  The assembly of claim 20, wherein the at least one opening is formed

in the second surface of each of the interposer substrates.

25. The assembly of claim 20, wherein the at least one opening
25  comprises at least one channel formed in the first surface of each of the interposer
substrates and extends from a periphery of the wafer scale interposer substrate

member to at least an interior portion thereof.

26. The assembly of claim 25, wherein a sidewall of the at least one
30  channel extends beside at least some of the plurality of recesses and opens into the at

least some recesses.



comprises one or more passages extending to one of the plurality of recesses. 15 23. The assembly
of claim 20, wherein the at least one opening comprises a plurality of openings in each of the
interposer substrates, each of the plurality of openings extending to a bottom portion of one of the
plurality of recesses. 20 24. The assembly of claim 20, wherein the at least one opening is formed in
the second surface of each of the interposer substrategy25. The assembly of claim 20, wherein the at
least one opening 25 comprises at least one channel formed in the first surface of each of the

nterposer substrates ag.extorls 19m A PEFRNANYA! DR RIS Sele erRaner aubsiigin, ember

to at least an interior portion thereot. 26. The assembly o %alm 25, wherein a sidewa e at least
one 30 channel extésadsdnesibienael eashisgnpeonided ghlupsiiphei yeddbsesabercs opemydnpostie at least

SOME recesses. '??h%'s@rem&&%??[g?% Péagl_a(“# %ﬁaﬁ?ﬂ%@%\i’%ﬁg &%ﬁgﬁ}ems fhannshgomprises at

least one channel opening provided at a periphery of t scale’interposer substrate member,
the at least one chighstiopdaingatonfigoreentoliddeive the dielectric filler material in nonsolid form. 5
28. The assgbly of claim 25, wherein the at least one channel comprises a portion of an active
surface of the wafer as a top wall of the at least one channel. 29. The assembly of claim 20, wherein
an active surface of the YWafer [l agcahixehctvanfizst viideate e thidsssifenschivnstapopessubstrate

member. 30. The,azsambly of Glaime 20-MRSIEIRLNG AESISUTRCE AT Brenvalal Aol IGHRAser

substrate member comprises at least one adhesive element on each of the unsingulated
semiconductor dice attaching the first surface of the wafer scale 15 interposer substrate member to an

active surface of the semécondygior digen 3% UG AL WA GH SRUBRE RIS Y e RUERlfiYOf

recesses in each of
10 adjacent the first surface of the wafer scale interposer substrate member.

30. The assembly of claim 20, wherein the first surface of the wafer scale
interposer substrate member comprises at least one adhesive element on each of the
unsingulated semiconductor dice attaching the first surface of the wafer scale

15 interposer substrate member to an active surface of the semiconductor dice.

31. The assembly of claim 20, wherein the plurality of recesses in each of
the interposer substrates comprises a recess configuration which is substantially a
mirror image of a bond pad configuration on the active surface of each of the

20  semiconductor dice.

32. The assembly of claim 31, wherein the recess configuration
comprises at least one of a center row recess configuration, an I-shaped recess
configuration, and a peripheral recess configuration.

25
33.  The assembly of claim 20, further comprising an encapsulation

material formed over a back surface of the semiconductor dice.

34. The assembly of claim 20, wherein the second surfaces of the

30  interposer substrates include conductive pads with conductive balls attached thereto.



the interposer substrates comprises a recess configuration which is substantially a mirror image of a
bond pad configuration on the active surface of each of the 20 semiconductor dice. 32. The assembly
of claim 31, wherein the recess configuration comprises at least one of a center row recess
configuration, an I-shaped recess configuration, and a peripheral recess configuration. 25 33. The
assembly of claim 20, further comprising an encapsulgiie_n material formed over a back surface of the
semiconductor dice. 34. The assembly of claim 20, wherein the second surfaces of the 30 interposer

substrates include condgﬁpive q%(%sﬁygg& %ii\fﬁ m%&qgﬁ%g é@%?{ﬁc Aa3Rnt Pgﬂassembly of

claim 20, wherein the dielectric filler material comprises a resin. e assembly of claim 20,
wherein the dielecotiepfilies ar@enial 5 comprises at least one of a thermoset resin and a thermoplastic
resin. 37. The assembly of claim 20, wherein the wafer scale interposer substrate member comprises
a flexible dielectric tape. 10 38. The assembly of claim 20, wherein the wafer scale interposer
substrate member compifses atheassonelpbh a3 wheksiiathg HickRuimfrinaweatdRb laminate and

cerarmic. 39. & melfiad ol asSePlng & (hEhiR e TSAAIan dyigharseryply 15 comprising:

providing a semiconductor die having an active surface and a back surface, the active surface having

a plurality of conductive bumps thereon; providing an interposer substrate having a first surface and a

second surface, the integgpserrﬁy@ggg{gb@gpgaqtg%ggﬂgmmpgya@gl%iﬁqrﬁegw&gty of 20

recesses extending thereinto from the first'surface and exposing at least a portion of a conductive
element at bottorfigbsfreie meseaseco el sasar hlesérlesiiplsetie itpduding at least one opening in the
dielectric member extending therethrough;

10 38.  The assembly of claim 20, wherein the wafer scale interposer
substrate member comprises at least one of a polymer material, BT, FR4 laminate,

FRS5 laminate and ceramic.

39. A method of assembling a flip chip semiconductor device assembly
15  comprising:
providing a semiconductor die having an active surface and a back surface, the
active surface having a plurality of conductive bumps thereon;
providing an interposer substrate having a first surface and a second surface, the
interposer substrate having a dielectric member including a plurality of
20 recesses extending thereinto from the first surface and exposing at least a
portion of a conductive element at bottoms of the recesses, the interposer
substrate including at least one opening in the dielectric member extending
therethrough;
mounting the interposer substrate to the semiconductor die with the plurality of
25 conductive bumps substantially received in the plurality of recesses, the
plurality of recesses sized so that a gap is left adjacent a portion of at least
some of the conductive bumps in at least some of the plurality of recesses,
the at least one opening formed in the interposer substrate extending to the
gaps adjacent the at least some conductive bumps in the at least some
30 recesses; and
introducing a dielectric filler material in flowable form into the at least one opening

in sufficient quantity to extend to at least some of the gaps.



mounting the interposer substrate to the semiconductor die with the plurality of 25 conductive bumps
substantially received in the plurality of recesses, the plurality of recesses sized so that a gap is left
adjacent a portion of at least some of the conductive bumps in at least some of the plurality of
recesses, the at least one opening formed in the interposer substrate extending to the gaps adjacent
the at least some conductive bumps in the at least somyg 30 recesses; and introducing a dielectric filler
material in flowable form into the at least one opening In sufficient quantity to extend to at least some

of the gaps. -41- 40. Thg@wethqﬂﬁo‘[{ﬁ@m §?c(§ﬁﬁg?§§)%99rﬁﬁ9%ﬂ9§1%yﬂcﬁﬂ%u é)ﬂﬁgép%lggstrate comprises

forming the at least one opening in the second surface in the nterposer strate to include one or
more passages estbsitiegctonpioareiopoitigrilsfablcksasns openoizie thiuveditpdfudeesse s 41. The

method of claim ?@m%%?é?%ﬁ?&a?ﬁ% 00 db S AtGROSEr §&Q§£@é§t@8&ﬂ? IRES 1@0&1’%@&@%‘33& one
opening in the second surface In the Interposer substratg as a plurality of openings, each of the
plurality of openirgécaso runpohdinglordie of thecpierality of recesses and extending thereto. 10 42.
The method gf claim 40, wherein the introducing comprises applying the dielectric filler material to the
at least one opening in the interposer substrate to flow into the at least one opening and through the
one or more passages téfill thd hgapeteiladerttithe Plorhditgiothe peesisking hadnt®mesaiethod of claim

41, wherein the infiOAHGING, HYMANSES ARRIVIAG, g Al eliG e racualig tfRILE . of openings

in the interposer substrate to flow into each of the plurality of openings and through the one or more
passages to subBttpnpedRy finbsieatsaisss PLAditTheapritingd. shehadintapvtidiiainttnpeapiying the

dielectric filler corresponding to one of the plurality of recesses and extending thereto.

10
42. The method of claim 40, wherein the introducing comprises applying
the dielectric filler material to the at least one opening in the interposer substrate to
flow into the at least one opening and through the one or more passages to fill the
gaps adjacent the plurality of recesses.
15
43. The method of claim 41, wherein the introducing comprises applying
the dielectric filler material to the plurality of openings in the interposer substrate to
flow into each of the plurality of openings and through the one or more passages to
substantially fill the gaps.
20
44. The method of claim 42, wherein the applying the dielectric filler

material comprises dispensing the dielectric filler material under pressure.

45. The method of claim 43, wherein the applying the dielectric filler

25  material comprises dispensing the dielectric filler material under pressure.

46. The method of claim 39, wherein the providing the interposer
substrate including at least one opening comprises forming a channel in the first

surface of the interposer substrate.

30



material comprises dispensing the dielectric filler material under pressure. 45. The method of claim 43,
wherein the applying the dielectric filler 25 material comprises dispensing the dielectric filler material
under pressure. 46. The method of claim 39, wherein the providing the interposer substrate including
at least one opening comprises forming a channel in the first surface of the interposer substrate. 30
-42- 47. The method of claim 46, wherein the forming _q&r:nprises extending the channel from a
periphery of the interposer substrate to at least an interior portion of the interposer substrate. 5 48.
The method of claim 474whereﬁ1léq§e%gQ)(}@??imql&i@%&%&nc[ﬂ [ses e&%ﬁ@}?& t%}&eﬁlﬁﬂ’%nel beside
at least some of the plurality of recesses so that each of the at least some of the plurality of recesses
opens into a portiba diamecl dhemrepetiohedy Phehenathpdssh cladintr 48, toviidieist tnanfitriodpoiritpeomprises
introducing the digjectrig filler g}asg%@l jato the channel to flow therethrough and into the gaps. 50. The
method of claim 49, wherein the mtroo?ucing the dielectric filler 15 material comprises dispensing the
dielectric filler material under pressure. 51. The method of claim 39, wherein the mounting comprises
conductively ponding eal%j of t%&%ﬂﬂﬁhﬁ?ﬁﬁﬁl%?&ﬁ@& qﬂ@%&?@gﬁﬁgtﬂ?&%ﬁﬁ& conductive
element at the bottoms of the plurality of recesses. 20 52. The method of claim 51, wherein the
bonding compris€91bprisinggndinktst drians lieleingleasiignanfabopletsbhditgesassensmmal
compression boRglng, rpthe NGdAE ARy dreEcampping Hiteshga el
conductive material on the conductive bumps prior to thé mounting. 54. The method of claim 53,
further comprisingoneling each of the conductive bumps having the nonsolid conductive material
thereon to the conductive

10 49. The method of claim 48, wherein the introducing comprises
introducing the dielectric filler material into the channel to flow therethrough and

into the gaps.

50. The method of claim 49, wherein the introducing the dielectric filler

15  material comprises dispensing the dielectric filler material under pressure.

51. The method of claim 39, wherein the mounting comprises
conductively bonding each of the conductive bumps on the semiconductor die to the

conductive element at the bottoms of the plurality of recesses.

20
52. The method of claim 51, wherein the bonding comprises bonding by
at least one of reflowing, curing, ultrasonic bonding and thermal compression
bonding.
25 53.  The method of claim 39, further comprising disposing a nonsolid

conductive material on the conductive bumps prior to the mounting.

54. The method of claim 53, further comprising bonding each of the
conductive bumps having the nonsolid conductive material thereon to the conductive

30  element at the bottom of one of the plurality of recesses of the interposer substrate.



30 element at the bottom of one of the plurality of recesses of the interposer substrate. -43- 55. The
method of claim 39, further comprising disposing a nonsolid conductive material in each of the plurality
of recesses. 56. The method of claim 55, wherein the disposing the nonsolid 5 conductive material
comprises: providing a stencil having a pattern of apertures therethrough corresponding to a pattern
of the plurality of recesses; positioning the stencil over fRe interposer substrate so that the pattern of
apertures corresponds with the pattern of the plurality of recesses; and 10 spreading the nonsolid

conductive material ove ghe st gi}ﬁg{'ﬂ&@&p ﬁg MRS ' 86 e JAQ oiig ¢QQ ctive
material in each of the p?ufality o[% recesses. ‘g% ngmet %§ %%?I%?me%él, Purtﬁ%r co(r)nprl%ing inserting
each of the conddetidacbivmpsiteriahia sechicbHtuetorbis il tieesséthe plurality of recesses in 15
contact with the nonsolid conductive material therein. 58. The method of claim 57, further comprising

bonding each of the conductive bumps to a conductive element in one of the recesses using the
nonsolid conductive matérial. Zb&ettiod afatlhod 6 creiniad thardirmosos Prisivg fokiching an

encapsulatiog laXSﬁcﬁié‘?fv%%@I%l%%%‘??s&fz the semiconductor die with an encapsulation material.

60. The method of claim 59, wherein the forming the encapsulation layer 25 comprises depositing the
encapsulation lay@e bidiagleattnshchayisgin-putaingharerrgiot-tbprabveriigc@iesphadimgtitod] of claim 59,

further comprising fully %ﬂ&@ﬂﬂ!ﬁﬂ@%l@ﬁli&%‘?i?&@%‘étor die by dispensing encapsulation material
about a periphery of the 30 semiconductor die. -44- 62. The method of claim 39, further comprising

partially encapsuRaitiéemassémicordlievsr Hie injeahoparsibgraicapaicatiatamdlaassures periphery
of the semiconductor d'@orresponds with the pattern of the plurality of recesses; and

10 spreading the nonsolid conductive material over the stencil with a spread member to

dispose the nonsolid conductive material in each of the plurality of recesses.

57. The method of claim 56, further comprising inserting each of the
conductive bumps on the semiconductor die in one of the plurality of recesses in

15  contact with the nonsolid conductive material therein.

58.  The method of claim 57, further comprising bonding each of the
conductive bumps to a conductive element in one of the recesses using the nonsolid
conductive material.

20
59.  The method of claim 39, further comprising forming an encapsulation

layer over the back surface of the semiconductor die with an encapsulation material.

60. The method of claim 59, wherein the forming the encapsulation layer
25  comprises depositing the encapsulation layer by at least one of spin-coating and

glob-top covering.

61. The method of claim 59, further comprising fully encapsulating the
semiconductor die by dispensing encapsulation material about a periphery of the

30 semiconductor die.



5 63. A method of assembling a flip chip semiconductor device assembly comprising: providing a
semiconductor die having an active surface and a back surface, the active surface having a plurality
of conductive bumps thereon; providing an interposer substrate having a first surface and a second
surface, the 10 interposer substrate including a plurality of recesses extending from the first surface
thereinto and at least one opening formed in the intergg&gr substrate extending therethrough, the at
least one opening extending to at least one of the plurality of recesses; mounting the active surface of

the semiconductor die t%%pe fi%gﬂ{gﬁggdogft i&%@%w&e&%&ggggg&&@&t égﬁggﬁggﬁ ive bumps

are disposed in the plurality of recesses and leave a gap adjac tion of at least sonte of the
conductive bumptheithincantéatosdinbyofitpssimgiing afstdeess esatarial shtradupimpbefionable material

through the at leag Qg@g&gr&@ufﬁcient to extend to and at least patrtially fill at least some of the
gaps. 20 64. A method of applying a material to a flip chip semiconductor device assembly, the
method comprising: providing a semiconductor die having an active surface with a plurality of

conductive bymps formegd therson, and.ery NCIRARRL SUANTATE taXingra U}, 45 RuTaceAfd a second

surface, a plurality of recesses formed therein extending from'the first surface and at least one
opening formed iram@Integposer substrate extending therethrough, the at least one opening

extending to at leastsome of theArally AL iecsssan AR activeHiircs Rldh& . sRDIgpnductor die

being mounted adjacent to the first surface of the 30 interposer substrate so that the conductive
bumps of the semicondaetbrediefage fispusedlinahe pluealidp ol yebosesstofgaainterposer substrate

and leave -45- & gag adiacenh AR Afakleask amer Rl AUMAR N s RAli Offecesses; and

introducing a flowable material through the at least one opening sufficient to exten
10 interposer substrate including a plurality of recesses extending from the first

surface thereinto and at least one opening formed in the interposer substrate
extending therethrough, the at least one opening extending to at least one of
the plurality of recesses;
mounting the active surface of the semiconductor die to the first surface of the
15 interposer substrate so that the conductive bumps are disposed in the
plurality of recesses and leave a gap adjacent a portion of at least some of the
conductive bumps within at least some of the plurality of recesses; and
introducing a flowable material through the at least one opening sufficient to extend
to and at least partially fill at least some of the gaps.
20
64. A method of applying a material to a flip chip semiconductor device
assembly, the method comprising:
providing a semiconductor die having an active surface with a plurality of
conductive bumps formed thereon and an interposer substrate having a first
25 surface and a second surface, a plurality of recesses formed therein extending
from the first surface and at least one opening formed in the interposer
substrate extending therethrough, the at least one opening extending to at
least some of the plurality of recesses, the active surface of the
semiconductor die being mounted adjacent to the first surface of the
30 interposer substrate so that the conductive bumps of the semiconductor die

are disposed in the plurality of recesses of the interposer substrate and leave



to and at least partially fill at least some of the gaps. 5 65. The method of claim 64, wherein the
providing the interposer substrate comprises forming the at least one opening in the second surface of
the interposer substrate to include one or more passages extending to a lower portion of at least one
of the plurality of recesses. 10 66. The method of claim 65, wherein the providing the interposer
substrate comprises forming the at least one opening _iQSt_he second surface of the interposer
substrate as a plurality of openings, each of the plurality of openings corresponding to at least one of

the plurality of recesses %é}ﬁﬁeglﬂg vé%%ﬁﬁoof P10 I%%&?%%%E&E@iﬁk@?ﬂpﬂﬁ?@'Bf‘he

introducing comprises applying" t e material to the at least one opening in the interposer
substrate to flow into theeegskeasaahe opening and through the one or more passages to at least

partially fill at leagt ang of 10¢ §aRsHRG, 6 TNSHISHIPH.OLEIAM 8% YRSFINNAMIFPHCRg,Gomprises
ﬁ plu f l?r%p nings m% rg;u ffa

applying the flowaﬁ)le material to the plurality o e interpose strate to flow Into each
of the plurality of openingsaaddtnastighrtiélphiél of lerste passddes gapill at least some of the gaps. 25
69. The method of claim 67, wherein the applying the flowable material comprises dispensing the
flowable material under pressure. 70. The method of claim 68, wherein the applying the flowable
material 30 comprises @%pensihg meitfislydislaimdtérishensde hsrpssideng4le mterphgemethod of claim

64, wherein the proyiging (& IETPRRGTiTE AL AE-NI A SoRiHRNG ARERIRG EANIPIRESt fgEming a
channel in the first surface of the interposer substrate. 5 72. The method of claim 71, wherein the
forming compriseigiexpepriifgbstrate to include one or more passages extending to a lower portion of
at least one of the plurality of recesses.
10
66. The method of claim 65, wherein the providing the interposer
substrate comprises forming the at least one opening in the second surface of the
interposer substrate as a plurality of openings, each of the plurality of openings
corresponding to at least one of the plurality of recesses and extending thereto.
15
67. The method of claim 65, wherein the introducing comprises applying
the flowable material to the at least one opening in the interposer substrate to flow
into the at least one opening and through the one or more passages to at least
partially fill at least one of the gaps.
20
68.  The method of claim 66, wherein the introducing comprises applying
the flowable material to the plurality of openings in the interposer substrate to flow
into each of the plurality of openings and through the one or more passages to fill at
least some of the gaps.
25
69.  The method of claim 67, wherein the applying the flowable material

comprises dispensing the flowable material under pressure.

70.  The method of claim 68, wherein the applying the flowable material

30  comprises dispensing the flowable material under pressure.



the channel from a periphery of the interposer substrate to at least an interior portion of the interposer
substrate. 73. The method of claim 72, wherein the extending the channel 10 comprises aligning the
channel beside at least some of the plurality of recesses so that each of the at least some recesses
opens into a portion of the channel. 74. The method of claim 73, wherein the introducing comprises
introducing the flowable material into the channel to fIQX%_therethrough and into 15 each of the gaps.
75. The method of claim 74, wherein the applying the flowable material comprises dispensing the

flowable material under PIESSUe method of claim 64, wherein the providing the interposer
substrate with at least one opening comprises forming a channel in the first surface

of the interposer substrate.

5 72. The method of claim 71, wherein the forming comprises extending
the channel from a periphery of the interposer substrate to at least an interior portion

of the interposer substrate.

73. The method of claim 72, wherein the extending the channel
10 comprises aligning the channel beside at least some of the plurality of recesses so

that each of the at least some recesses opens into a portion of the channel.

74. The method of claim 73, wherein the introducing comprises
introducing the flowable material into the channel to flow therethrough and into

15  each of the gaps.

75.  The method of claim 74, wherein the applying the flowable material

comprises dispensing the flowable material under pressure.



