-1 17 March 2006 METHODS FOR ASSEMBLY AND PACKAGING OF FLIP CHIP CONFIGURED
DICE WITH INTERPOSER 5 TECHNICAL FIELD The present invention relates to methods and
apparatus for assembling and packaging single and multiple semiconductor dice with an interposer
substrate. In 10 particular, the present invention relates to methods and apparatus for assembling and
packaging single and multiple semiconductor dice in a flip chip orientation with an i tb 200
substrate. BACKGROUND ART 15 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 PEESTHNS # QRIS SIERBEY RADRATRAENeIngHlip chip
attachment, wire bonding, or @ AP CONTIAREDBR'E MirrghipnaterRPOSERenerally includes

electrically and mechanically attaching a 20 semiconductor die by its active surface to an interposer or
other carrierssubstrate using a pattern of discrete conductive elements therebetween. The discrete
conductive elements are generally disposed on the active surface of the die during fabrication thereof,
but may instead be disposed on the carrier subgt@teN TheIdisgrE® conductive elements may
comprise minute conductive bumps, balls or columns ofﬁéa%gous configurations. Each 25 discrete

conductive element is plaEEITEEdEYEHEAJ IR DRI RREATHNS WY BEAEYREYY other 1/0

locations) on thepseraicapdugity die andiigyvinalonnidiercasdaritubstitdevieutherino temponents
are superimposed. The semiconductor die.is th;ts electric%lé and mechanicg{lliy co%r’}‘gacted to the

carrier subdtate V31X BIESCPAIRNGRHIPRS NHURES S BRRAF R HRGSEBI R R or

conductor-filled epekyea RPN diglaptscanideniidhoaaydibe mhefdispasadibetwoaniie die and the
carrier substrate for environmental protection and to enhance the mechanical attachment of the die to

the carrier substt3EPRTe BBy and TAB attachment techniques generally begin with attaching a
semiconductor die by its back side to the surface of a carrier substrate with an

BACKGROUND ART
15 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 automated bonding (“TAB”).
Flip chip attachment generally includes electrically and mechanically attaching a
20  semiconductor die by its active surface to an interposer or other carrier substrate using a
pattern of discrete conductive elements therebetween. The discrete conductive elements
are generally disposed on the active surface of the die during fabrication thereof, but
may instead be disposed on the carrier substrate. The discrete conductive elements may
comprise minute conductive bumps, balls or columns of various configurations. Each
25  discrete conductive element is placed corresponding to mutually aligned locations of
bond pads (or other I/O locations) on the semiconductor die and terminals on the carrier
substrate when the two components are superimposed. The semiconductor die is thus
electrically and mechanically connected to the carrier substrate by, for example,
reflowing conductive bumps of solder or curing conductive or conductor-filled epoxy
30  bumps. A dielectric underfill may then be disposed between the die and the carrier
substrate for environmental protection and to enhance the mechanical attachment of the
die to the carrier substrate.
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



17 March 2006 -2- appropriate adhesive, such as an epoxy or silver solder. In wire bonding, a plurality
of fine wires are discretely attached to bond pads on the semiconductor die and then 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 5 wires and bond sites. In TAB, ends of metal
traces carried on a flexible insulating tape such as a polyimide are attached, as by 17 March 2006
thermocompression bonding, directly to the bond pads ©n the semiconductor die and corresponding

terminal pads onpedparateagHestiateuchli@her HRIOTRaINGE: oWer. CRSKiRaeASRd Mipiatitzasion of
components, and greater packaging densité of integrated circuits are ongoing goals of the computer

10 industry. As il JrstfishecEifhreyiathel e QAP RIYI AR hesrankcrielictREdie AnseheR

components usegktentalrigaiednasa iendsitednainasefua o atvangrsciiriechnieg. exen though the
functionality of the products increases. For example, on the averagpe, there is%{aigproximately a ten
tREDEY

percent decreas EHIRSEREMEBE M-St SHIEOPG R ERHBRMBY YRR A Alling

equivalent fgnctign@litynd bdRecelt renta B paekaginetarednaviagivdtbinceMndi fispidibystaward flip
chip attachment due to improved electri(%a}i}gﬁrformance and greater packaging denﬁﬂ;{y. However, flip

chip attachment {8t i PILHREA AL A8 BRSO IR S iR BB Y ET SN L s I Dads

from the middle paqesiphrryeatisodigutoon dnamtiroensipoaliiasraynaRithads nhenayriasslbiiraeeriong
and unequal-length electrical paths. In 20 addition, many conventional flip chip.techniques exhibit a
lack of consistent reliabllgfi‘l&Sf RSSO h SRR L BRI AR T EQBBRAT Y other

carrier substratesag greg@stfiektenis depgred Mimdatdrigatiaruns webmp tifficodliestithaesnpuadignment
of the die and carger sutéitrate to effect such interconnections. Effective reroutin éo?f bond pads may

also be limited b i 28R AHET b PeRIGRS TSI Bt R A e S iR hoying
an interposer maynigohartesisedly thishcdisationheeBmbiketthiridat o thir diecamd tdokaoger. This is

conductive layer HEUTHG B RS QU AT BARGHS HErsBonk e eSS Sbrductor
die resting on antic@ennasieskimaliraces péideacdnaeisiva ryepatanéosidecof predndepeaseitiand
electrically Conn%gte?cé};[g previous generation having equivalent functionality.
15 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 two-dimensional
array which, in turn, may result in overlong and unequal-length electrical paths. In
20  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 interconnections. Effective rerouting of bond
pads may also be limited by die size.
25 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
sandwiched therebetween, the bumped semiconductor die resting on and connected to
30 traces of the conductive layer on one side of the interposer and electrically connected to
traces of the conductive layer on the opposing side, conductive vias extending

therebetween. Finally, underfilling a flip chip-attached semiconductor die to a carrier



traces of the conductive layer on the opposing side, conductive vias extending therebetween. Finally,
underfilling a flip chip-attached semiconductor die to a carrier 17 March 2006 -3- substrate with
dielectric filler material can be a lengthy and often unreliable process, and the presence of the
underfill makes reworking of defective assemblies difficult if not impossible. Other difficulties with
conventional packages include an inability to 5 accommaodate die size reductions, orwsMﬂIi‘fJ%?'Q%a
given design progresses through several generations without developing new interposer designs and

tooling. As moregfyneti@naity dseipaiie etldp diger NesassdatipgothgraairH el gl pLiscandutputs
(I/0s), decreased spacing or pitch between the 1/0Os places severe limitations on the use, of
conventional intéRSJEEPENTA AthtigRIGHEN cukceraBnHipa bty s isAblice By Uifthackage
assembly is compigtasteisulting in excess cost since a defective die or die and interposer assembly is
not detected until the package. is finished, For example, United States Patent 5,710,071 to

Beddingfield et al. disclOSRe ity st miapton drkaseo s WemBIRabilior Wie to a substrate

and a methad ofadpeeifibingeadganzeturtivibeoseniearduator siceanid substiaieskeariadlar, the
semiconductor die is 15 attached facedown to the substrate, wherejn conductive bumps on the die are

directly bonded 16661 & PGSR RE RH Y el PRERE St H PO E  HEREH I SRS tHRSJBB between
the die and substiiatgiohhetyndeidilldeataraté awsddiaugly thergap bamirenihepsemidandpetor die and

the substrate via capillary action toward an aperture in the substrate, thereby expelling air in the gap
through the aper%?gkn LIRS 85@&%1‘?8%8%%&2@% BYES TRFE HAUEHAARRg s

However, such ait uhlesiidisigimethpssestill is anfigeasaatily diinencionsupatna gideddibaying testsaderfill
the entire semicondtcto die. Furt Eyr the flip chip atlfchment techniqtue disclg%ed in Upited States
Patent 5,710,07"BXRSHESAGIE it éiﬁ&ﬁ?}?éetﬁssé% THRILZABUIPY WRAAE BERY S &ts Bifithe

substrate and remhﬂrﬁﬁdim@xpemﬁwf tga;y.dmg@eﬂiwlmatahéqumiﬂfmmbatrm_e’&&ﬁb&cefcrg, it

cubsirate auoh 0 I TSTHOSEEY, M GUIA AL RETAIG Rt B AL ELh EURRTL T Frprovec

underfill processatantinibet eliniratioonduther Akeassityiborradhiid matahsdrotiedetilenedyaing total
assembly between the semiconductor die and substrate. In particular, the semiconductor die is

15  attached facedown 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 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

20  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 chip attachment technique disclosed in United States Patent
5,710,071 exhibits difficulties in aligning the conductive bumps with the bond pads on
the substrate and requires the expense of having a third metal reroute in the substrate.

25 Therefore, it would be advantageous to improve the reliability of
interconnections between a chip and a carrier substrate such as an interposer by
achieving accurate alignment of the interconnections, an improved underfill process, and
the elimination of the necessity for a third metal reroute, while reducing total assembly
height in combination with the ability to employ commercially available, widely

30  practiced semiconductor device fabrication techniques and materials.



height in combination with the ability to employ commercially available, widely 30 practiced
semiconductor device fabrication techniques and materials. 17 March 2006 -4- DISCLOSURE OF
INVENTION The present invention relates to methods and apparatus for assembling and packaging
individual and multiple semiconductor dice with a carrier substrate in a flip chip-type arrangement. The
present invention provides a flip chip semiconductor 5 assembly substantially reducéd Mat

depth in comparison to conventional interposer-based ﬂl‘b chip assemblies and with improved
mechanical and electrical reliability of theptgrecoB1eRECOF Petvwaen@semiconductor die and a carrier
substrate in the form of an interposer, while also improvin%%ease of alignment for attachin%the

semiconductor die to thEEARSFEBEFLHaLIRRERMHRGHY Thene daREriEn (9o A MRA® MWtal reroute
as well as reducingkhgitisnadpiapionaldigtgaticmidsidiling aidbe flipa chipiassihie ibherflip chip

semiconductor device assembly of the present invention includes a conductively bumped

semiconductor dfd'BEYBRYIRE SR -sdMe QL EPHREHIRIPWNISH? TR R SF AAHAE ! The present

invention ingudegsaubigleureeaasas famestfremnne dhispmase ohiheiloietpesaysithsisate and
through the dielectric layer thereof to conductive elemenﬁ?sﬂin the form of conductive terminals or

traces on the opPUSTRGSSIAAS TR chiR a8 blisiAGdrad i IR PYGE T HRBIF HhRRL S IHEHER) that
corresponds subslamiatly ¥ithe the leentepashahehhence Lamndusdvediinpapitesnior senigisation of

the bumped semiconductor dije. Such predetermined recess patterns may include, for example, a 20
single or doublenﬁ]bfi/\f(gélﬁ ﬁBdHE?@Q&%WﬂJE%%HPBFPK%aF&éﬁ ?fc?ﬁ’c?‘b‘&&né AfigEos Bhd a
peripheral bond pagiconfigusatianoAncadihesiaiglemenhdaheatptionalyqdispasedrbeiveien the

semiconductor die and interposer substrate to mutually secure same, in additjon.iq any bong. between
the. concudlive SUFHILCARUSaTALEGF RS BN ol e b iy W CLELLATE DB having
a thickness, whichipaysdgtliged to provide and control a vertical standoff between the active surface

and the interposer subsjrate and to increase compliancy of the attachment of the semiconductor die
bl spadmios (it R A e e Al b

resolve minor vagianiees velyaiiiepkd semiconductor die assembled active surface, or face, down with an

interposer substrate. The present invention includes multiple recesses formed from one

15  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 predetermined recess patterns may include, for example, a

20  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 between the
conductive bumps and terminals or traces. The adhesive element may comprise a tape

25  having a thickness, which may be used to provide and control a vertical standoff
between the active surface and the interposer substrate and to increase compliancy of
the attachment of the semiconductor die and interposer substrate as well as facilitating
rework. In addition, the adhesive element assists to resolve minor variances in vertical
travel of die pick-and-place equipment used to place a semiconductor die on the

30 interposer substrate and helps maintain the die securely in position on the interposer
substrate during subsequent handling, fabrication steps and transportation from one

location to another.



travel of die pick-and-place equipment used to place a semiconductor die on the 30 interposer
substrate and helps maintain the die securely in position on the interposer substrate during
subsequent handling, fabrication steps and transportation from one location to another. 17 March
2006 -5- The flip chip semiconductor device assembly is assembled so that the conductive bumps on
the semiconductor die are disposed in the recesses formed in the interposer substré?el,\/{ﬁré}}@gé)éses
being sized and configured to receive the bumps on the‘BUmped semiconductor die so that they are

submerged within the regRsssclaps@xtentitbaltheyibeagtivasyfaassehtiesamiceneucsancigveay sit
directly against the surface of the interposer substrate onto which the recesses open, Thus, there is a

reduction in the PHRRS W PesAIBiEART S ptidisna b Pasildn heEresis TEPAEGd 18 LT RERRI

interposer-based fbptahip sseseNiap el o theadispositioncaf the eandudivehpinopshwihinghe
recesses, which allows for the conductive bumps on the semiconductor die to 10 be of larger size for

increased reliabiftHRAOEE I S0 B HE Y AGIPREIGHES YENh B ey (il S&tRridhduBtor device

assembly while avaidingrihe:nenkfosmaitoidurieralis aigute: andbeysamisandecterdicofyen if an
adhesive element using a tape is Zggngloyed the conductive bumps may still be substantially

completely receilSE R R TRIESLR LY il o BERESERPGBrt AP SR IB AriAdeeBy iBStape. 15

The conductive pgrppsomay Bephansiechin sheweendustive ianipplsaddhe aitomsabiae recesses by
reflowing the bumps, curing the bumps, uItraSOﬁ%: gondiggeo . the bumps to the terminals, thermal
0

compression boriHgBFHE B IERRIFI U RALAMRIUES RASWATNSRETERS
depending uponheébuipresadsriahaaleciadw Stoitlies carehiRbuebienpa e B ethacoaanrslidic to

conductive material may be proyided on 2Q the bymps or within the recesses prjor to dispqgsing the
ompe i 010 roc L R e B T oT A S BIGEA HAR T ) 50 LNEEae bz on
recesses prior tahalitipragptsehthemtmiconsdctarssienblyhathigei ni@igogemhsulestiate aahhighetanelting

point metal or alloy bumps provided in a condugctive paste jn the recesses ar on the bumps, after
Which the die mdSTBRS AU EE W ISHHUSer Kb e i elcREA tHEag s SRR

enhancing electrikakeasnadtioburaability doehwe siibiigncianduotivie delynpsandd thliniehpaesassiesminals,
a non-solid cond gty e B I P e P S VRS 5 R pe.
15 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 to the terminals,
or by other techniques known in the art, depending upon the bump material selected.
Further, a conductive paste or other non-solid conductive material may be provided on
20  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 higher melting point
metal or alloy bumps 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
25  addition to enhancing electrical connection reliability between the conductive bumps and
the interposer terminals, a non-solid conductive material may be used to compensate for
any noncoplanarity between the semiconductor die and interposer substrate due to varied
bump sizes, recess depths and planarity variation in the opposing, adjacent surfaces of
the semiconductor die and interposer substrate. As noted, an adhesive element on the
30  surface of the interposer substrate facing the semiconductor die may be used in some
embodiments as a height controller and may also help compensate for any irregularities

in the coplanarity between the semiconductor die and the interposer substrate.



any noncoplanarity between the semiconductor die and interposer substrate due to varied bump
sizes, recess depths and planarity variation in the opposing, adjacent surfaces of the semiconductor
die and interposer substrate. As noted, an adhesive element on the 30 surface of the interposer

substrate facing the semiconductor die may be used in some embodiments as a heﬁht controller and
may also help compensate for any irregularities in the coplanarity between the semi oNbEEr e and
the interposer substrate. 17 March 2006 -6- The semicafductor device assembly of the present

invention may also be criiguh@shiitic OPaQi P atseaeinomheiefdint ereleamihe intereoser
substrate at a location or locations from the surface facing away from the semiconductor die to

provide commurfieaHSH B AR 8IJRRS PRIGHRSS SatiRg L & LR i R S8 B EUE &8 in the

interposer substigtatibhisrtocdiginatiomfag iatesdissansingofdiglertienfiderdmatartak frough the
opening or openings.into the recesses and around the bumps. The openianor openinﬁs may be

substantially coifER&TR GAtATHE!CYHIRy BFANEH JR S 8BE S5R05H ARSIIMSTiS G4PS bEwRER Blhductive

pad or terminal pertions pf Cenauehysrtapasextanding Acrassihie fiRIASERSIAHBIRIE VRIS slots
over or laterally offset from 10 the rﬁcesses and in communjcation therewith and, if offset, a side of

each recess beifll] GpaH FYHBTHD ReRPIRR EAICRELEIS M ARC LRSI é’r‘i‘&]‘?ﬁay be

introduced directiphinipdhia decessamiy aughvthaigapsiaainesrcibensidas afdtbentondustives trace
extending over each reclcaar%?[ and the periphery of the n;fce,ss wall adjacentl/the trace. In the latter

instance, dielectfREFIES MKLERBIRTSS BRI ML IMBCHE G RA RS TE AL BPTHRILAY SHRVEHON into

the recesses. Fuithes, dken@iicat:siantolfeisesesmployas beivwers dhtsiolemnasatesabptate eiehine

semiconductor dige, dielectric filler material may be introduced through a s|ot qr other opening through
the intorpoLlr siBSTAR 16 CBAEVIRESHHB B AV L e oo S T sses

through the mougpeither@efsievem ifhediin eadniztsndatiannedt) digeopenitirangddadh@l0operiphery of
the semiconductor die (if desired) through the standoff. Thjs aspect of the present invention
Substantally enHEHESLASH LRI (G BUh G Hoc RLAL B0 e G T Semiconductor
device assemblycohdnetpreaant kxendiog oiay alsh résehsda s aidgrcbiphsgradtherdissraialiexternal
conductive elemae ]Etscgrga% Q %%gg ﬂ["r? the latter instance, dielectric filler material may be introduced into
15  the slots to travel laterally therefrom into the recesses. Further, if a vertical standoff is
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
20  periphery of the semiconductor die (if desired) through the standoff. This aspect of the
present invention substantially enhances underfill integrity while decreasing process
time.
The flip chip semiconductor device assembly of the present invention may also
include solder balls or other discrete external conductive elements attached to the
25  conductive traces extending from the terminals over the surface of the interposer
substrate facing away from the semiconductor die. The discrete external conductive
elements are employed to interconnect the semiconductor device assembly with
higher-level packaging such as a carrier substrate, for example, in the form of a printed
circuit board. The semiconductor die of the flip chip semiconductor device assembly
30  may be fully or partially encapsulated by a dielectric encapsulation material or may be

left exposed.



25 conductive traces extending from the terminals over the surface of the interposer substrate facing
away from the semiconductor die. The discrete external conductive elements are employed to
interconnect the semiconductor device assembly with higher-level packaging such as a carrier
substrate, for example, in the form of a printed circuit board. The semiconductor die of the flip chip
semiconductor device assembly 30 may be fully or partially encapsulated by a dieledtiMardap@ftation
material or may be left exposed. 17 March 2006 -7- In afhother aspect of the present invention, a heat

transfer element may b inghaetachypib ihEmbpein s aivisridvdUs N g avicgassamblynayprrticular, the
heat transfer element may be included on the surface of the interposer substrate facin%the

semiconductor diRCIied Bt the HiR sp frnicaniisH e RS SeE- blRdRagiisa!ar dhs Beat

semiconductor digmsueR1beahirangee plement snardbeiHseddpiRekipeseparsiinge Roipetature of the
assembly as well as to prevent thermal fatigue, The flip chip semiconductor device assemb%gf the

invention may intRTIEORHVER0E Al bt PR SUECS A e aIs R et fs flice AEdpsbAstet Cethisnductor

die, or a fully engapsdlatecsemicEiduaiesdiendior BhaibieRRpeE subsiaiewirthe ppreamdnvention
may also be assembled with g} plurality of semiconductor dice at a wafer or partial wafer level, wherein
S&'EPPJM

a wafer or partidPWBFEIHEIObIAG 4 9o ehamgPLR L LRRTEs AP dice is attached facedown
to a like-sized interposerisuitigiiain Withibsiupaanithiecwaiesmbipatigoyaientsnamerarud racesses
formed in the interposer substrate. Filler material may be 15 dispensed through openings in t
interposer subst?ﬂ‘t%t}célﬂé?ﬁjﬂ}ﬁ W%%&%}(&dﬁ%{rﬁ&a@ﬂj&%ﬁﬂpﬁﬂ]@fﬁ%‘émé Sher iy B f‘@s}’d into

individual flip chignsgpsigadueiaicsirMe®gsemblies. Encapsulation may be performed at least

partially at B(F: wafer leyel and c%srgfle ed, if desired, after bein%diced into i dividualhiemic nductor
assemblies The interpd 2 BIBRESTHS HPSY 158 FhERBTERT HARY STHER BIAY AR PG ASEMBIAG W B4 flexible
dielectric membgiuaationdusiivesadmer dase adhesite onpiiei flexite dialgctliersneimbefeane a solder

mask over the conductive. memper. The flexjble dielectric member. may comprise a polyimide layer
Which overties (RASUILEHFHEGR O SHo HOEEba RS REPUEBRLGRT HE SNHCRHVe member
comprises a pattgedfwonsutikessized interposer substrate with bumps on the wafer or partial wafer
submerged in recesses formed in the interposer substrate. Filler material may be
15  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 at the wafer level
and completed, if desired, after being diced into individual semiconductor assemblies.
The interposer substrate may be fabricated from a flexible material including a
20  flexible dielectric member, a conductive member, an adhesive on the flexible dielectric
member and a solder mask over the conductive member. The flexible dielectric member
may comprise a polyimide layer which overlies the solder mask with the conductive
member therebetween. The conductive member comprises a pattern of conductive
traces formed by etching of a conductive layer carried by the flexible dielectric member
25  or by printing traces on the flexible dielectric member using conductive ink. Trace ends
may be enlarged at the intended locations of the recesses to define pads for the terminals
and the traces extend therefrom to enlarged bump pads sized and placed for formation of
external conductive elements thereon for connection to higher-level packaging. The
recesses may be formed through the flexible dielectric member from the surface thereof
30  opposite the 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 and configured to receive a conductive bump of the semiconductor die. The



traces formed by etching of a conductive layer carried by the flexible dielectric member 25 or by
printing traces on the flexible dielectric member using conductive ink. Trace ends may be enlarged at
the intended locations of the recesses to define pads for the terminals and the traces extend
therefrom to enlarged bump pads sized and placed for formation of external conductive elements
thereon for connection to higher-level packaging. The recesses may be formed throUgMﬂﬁ%thﬂg%le
dielectric member from the surface thereof 30 opposite tfe conductive member by etching, mechanical

drilling or punchipgxild asgecantatiembanatginIeaep i reechssesonienpsia i teronnabfea
conductive trace and is sized and confiflured to receive a conductive bura%of the semiconductor die.

The 17 March 200682 HEQILY ik tdaTerhibr HexPiastchiion Mg eehuiad dasdtsercputtpridor

conductive layeathemenavgidhe sifaae of the frxibieisielecticmembepiadasediae sasriconductor
die. The interposer substrate of the present invention may alsg be formed of other .interposer

substrate materiJlE R AN B ALHF R A4S IFRE Na v damiraies ERPAILaHR Yibther aspect

of the present inventigRs the flip chip semiconductor device assembly is mounted to a circuit board in
a computer or a compuger system. In the, computer system, the cér.cuit board js electrically connected

to a processor device WRiIBACBREATRESN EBIn RISFTRLIBESIItA I PR CubicedRangHRHaY Hevice. 10

Other features angatvpntagRetthe pasant bodeniion withpeee bt appiast t9sthasdoftekill in the
art through a consideration of the ens,uingll:ggsc iption, the _accompanying drawings and the appended

: n

claims. BRIEF DESERB ISR ETHED N%fiei%IWﬂm&%H‘éegf?é}/cﬁ‘ﬁé‘al%f8ﬁeé%‘?¥c‘|’ﬁéﬂé3§ WRFFElaims
particularly pointingelandodistingdyteiaimingnthatuvhisicisaieDaideebas dbaiggesent invention, the
advantagei of this inve iEiﬁon gnaé/ be ascertained froin the followin descg\/iﬂj?n of the invention when
read in comflinction with e ACKBFRHARY Y TARAAGE SRR DERG  LRSRABY ABEURRY Bt an
interposer substrats hevikgracensas tierin a20i8ideea e oran: coRligiy abiaiipaeo) diag to the present
invention; FIG. 1A is a simplified bottomﬁxl\ge{.}/}vleof anoéggrcimersposer substrate design for a center row

configuration acESFAMEAY IR Presist ofpPen aims.

BRIEF DESCRIPTION OF THE DRAWINGS
15 While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of this
invention may be ascertained from the following description of the invention when read
in conjunction with the accompanying drawings, wherein:
FIG. 1 is a simplified top view of an interposer substrate having recesses therein
20  in a center row configuration according to the present invention;
FIG. 1A is a simplified bottom view of another interposer substrate design for a
center row configuration according to the present invention;
FIG. 2 is a simplified cross-sectional side view taken along line 2-2 in FIG. 1;
FIG. 3 is a simplified cross-sectional side view take along line 3-3 in FIG. 1;
25 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;
FIGS. 6A - 6B illustrate a first method of mounting a semiconductor die
30 facedown to an interposer substrate in a flip chip-type semiconductor device assembly

according to the present invention;



FIG. 2 is a simplified cross-sectional side view taken along line 2-2 in FIG. 1; FIG. 3 is a simplified
cross-sectional side view take along line 3-3 in FIG. 1; 25 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; FIGS. 6A - 6B illustrate a first method of mounting a semiconductdf désB $308down
to an interposer substrate in a flip chip-type semiconductor device assembly according to the present

invention; 17 March 20@6GS: FAGS B/AlustiBdllvséigiatgrandimpinahelfasaunisng e ggrigonductor
die facedown to an interposer substrate in a flip chip semiconductor device assembly according to the

present inventiohGERSE A AgIGHAREFL R BSHHFE 1ha diba BiiemRRTY W S redrorisiorie 5
facedown to an igtespAserSURSPRIR M A fiRHHNP semiconductor device assembly according to the
present invention; FIGS. 9A - 9B illustrate a variant of the third method of mounting a semiconductor

die facedown to an intefp0Sef SunSR Al s sthrachid S AnRMHnFed RS i ording to the

present inventiomadkddwé «J Anlligifgses: digrensing iifep aaeiahitvaughcepeningeintin interposer
substrate in a flip chip semiconductor device assembly according to the present invention to fill
recesses therein?EREIRS iR (BERISECRMNSEHing a semiconductor die in a flip chip semiconductor

device assembly and attaGRBirgathe BipighipsenisendugtiiedBiieencthoassaimblitagcording to the
present invention to another substrate via solder balls; FIG. 12 illustrates a cross-sectional side view of

a flip chip semicSHRIRIBIUFEREHE SRR hLIEPEHE Y BLAL AP 8 EREHRETBIRRG 16 YHe present

invention; FIGS. de3fte ds3Bnibligtiaterainpeiha ptassembdimgothe flip chip semiconductor device
assembly according to present invention at a wafer level, wherein; FIG. 13A 20 illustrates a wafer
ositioned Hoedovn prigFto DaTHG SRECHHRE 6Bt Sode it P HEPARS B e reesit

invention; and FiabsafkilluatrAteshipsandienatiachaehvizeedamibly according to the present invention
to fill recesses therein;

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

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

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

FIGS. 13A - 13B illustrate a method of assembling the flip chip semiconductor
device assembly according to the present invention at a wafer level, wherein: FIG. 13A

20  illustrates a wafer positioned facedown prior to being attached to a wafer scale interposer
substrate of the present invention; and FIG. 13B illustrates the wafer attached facedown
to the wafer scale interposer substrate;

FIG. 14 illustrates a simplified top view of an interposer substrate having
recesses therein in an I-shaped configuration according to the present invention;

25 FIG. 15 illustrates a simplified top view of an interposer substrate having
recesses therein in a peripheral configuration according to the present invention;

FIG. 16 illustrates underfilling and encapsulating a flip chip-type semiconductor
assembly wherein the bumps on the semiconductor die and the recesses formed in the
interposer substrate are arranged in a peripheral configuration according to the present

30 invention;
FIG. 17 is a simplified block diagram of the flip chip-type semiconductor device

assembly of the present invention integrated in a computer system; and



to the wafer scale interposer substrate; FIG. 14 illustrates a simplified top view of an interposer
substrate having recesses therein in an I-shaped configuration according to the present invention; 25
FIG. 15 illustrates a simplified top view of an interposer substrate having recesses therein in a
peripheral configuration according to the present invention; FIG. 16 illustrates underfilling and
encapsulating a flip chip-type semiconductor assembly wherein the bumps on the sEMMEROY? die
and the recesses formed in the interposer substrate arélg'rranged in a peripheral configuration

according to the presergI@01igveplienai pprbads & simpnlified:Rivekot idarprxaithe di chinibpe
semiconductor device assembly of the present invention integrated in a computer system; and 17

March 2006 -10 e ovgliflestis SHerpri Riarhpethentation of the present invention using a
nonflow dielectric filler material placement. BEST MODE OR MODES FOR CARRYING OUT THE
INVENTION 5 Embodiments of thegresent invention will be hereinafter described with reference to

the accompanying drawiﬁEQTIM\B]a B8 MILERET TGRS MGt oh S & BN ERYaken as

actual viewssof any spegifisRppRIUST eepaifiod it presente RvenidrRist aiednersly exemplary,
idealized represen{tations employed to maqre clearly and fully depict the%)resent invention than might

otherwise be podSiBIENEdaitsHEIRP PR RIASTAVARSE tell HPAL AR SAR00 J1H, RS GHANHY Rtres

retain the same argneticabedarignatiudt Gy dingd Psiespretiyplydepistacshinp biietktor @an view of
an interposer substrate 110 and a longitudinal sectional view thereof, The interposer substrate 110 is

preferably, but nBMRAHARY PO A ARSI Y W FN AR ERIERT I LR RIRRRY TS LBt A Bmber

111 and a proteciivefeoid@spiaagic bi&ehhim dialesirinsubsitatethsienbee bbisibry defineoadirst surface
112 of the interposer substrﬁa e 110 and the ssﬁlder m%lsk 118 may define a.second surface 114 of the

interposer StbstfATE$16 PR SO BABAPLREPLO T HRGSIHES FSMRY KBRS B Phte

material and is jksfgnatibhformed of, by way of example, a flexible laminated polymer or 20 polyimide
layer, such as UPILEX({’)K% ° fllaju(lzg 3 ?ggl%kétel\!&()j/u et&%ts’a%}}jnbﬁﬁgy Yogtp & view of an interposer

substrate 110 and a longitudinal sectional view thereof. The interposer substrate 110 is
preferably, but not limited to, a flexible substrate, which may include a dielectric

15  substrate member 111 and a protective solder mask 118. The dielectric substrate
member 111 may define a first surface 112 of the interposer substrate 110 and the solder
mask 118 may define a second surface 114 of the interposer substrate 110.

The interposer substrate 110 may be formed from any known substrate material

and is preferably formed of, by way of example, a flexible laminated polymer or

20  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 material, such as
a ceramic or epoxy resin.

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

25  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 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

30  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 locations laterally offset and remote from their



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 material, such as a ceramic or epoxy resin.
According to the present invention, the first surface 112 of interposer 25 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 dd M

conductive pad or terminal 122 at a bottom thereof. The fonductive pads or terminals 122 are

interconnected tasgtpicPBshatE REs d2Rem sieconshawiacachild ebinteipasessubsirate 110.
Such conductive pads 126 30 may be substantially direcélqé/gbel_ow conductive pads or terminals 122

and merely confiS<iY oSG sGResaHeFEGE dinhekel Bresly, the conductive pads 126 may be

placed at various predetgemingdhlecatienssatayally liisetiandhemerpdsemibainie’1 Margh 2006 -11-
associated conductive pads or terminals 122 and electrically connected. thereto by conductive traces

124 (shown in FRESSEIRYSTORUFFTMESTOTREPASIHIE Aeberd 83 P SRy TP T e Thidr B et

substrate 1X) in @arpiesefecesipati@inde deriaspantwib atbend padeoniormtiaipformed on an
active 5 surface of a semiconductor die intended to be attached thereto. For example, FIG. 1 depicts

the multiple rece$SS™ 9 MY WRIRHFSGRP sifgh NI RBEtshelBgly 1o MHieP L& Qb rate 110.

Such configuratigiidfporadeauineayesporshdnebafiachtioaibumpad semigaidugiondiehaying a
centrally aligned, single-row bond pad configuration which will be more fully illustrated hereafter.
Other preselected' P54y 8t 416 BRERHTCHE %H&ﬁ%}?‘fﬁﬁ%b‘é‘ﬁ bapd L2 SRRYEPLILN (FIG.
14) or a peripherahteicess womiige rationideatddhichaierenthe prasantddvinion maywes atapted to
any recess §onfi uration to matﬂllquitir;nflrﬁ articular, desired hon

AP

d configuration. In addition, the
multple reddsseSIP ek et SBETS SIS AL T A EERAEIA SR S,
and may includedaarea sigaWalls 199; thed therpprningsariltemithsa o ediptas seank 2@ @xs larger
than the bottoms thereof. It will be opserved in FIG. ] that conductiye traces. 124 extend oyer.recesses
150 andt may oA LSHb AR A SEDABY FULSHE, T Rk AL A RBLAR 5 Lo KL racos
124 to dielectric gi¢haurhiplenecebas 120. igrisiutiiviecpadl aror deitatiadBabd2sindyas square,
rectangular and circular, and may include tapered sidewalls so that the openings or
15  mouths of the recesses 120 are larger than the bottoms thereof.
It will be observed in FIG. 1 that conductive traces 124 extend over recesses 120
and may optionally extend therebeyond, if desired, for enhanced adhesion of conductive
traces 124 to 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
20  narrower than recesses 120 at the bottoms thereof so that gaps 121 are defined on one
or both sides of conductive pads or terminals 122. As implied above, the conductive
traces 124, 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
25  instances, the material of the conductive traces may be 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
30 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



completely cover the bottoms of recesses 120 or, as depicted in FIG. 1, may be 20 narrower than
recesses 120 at the bottoms thereof so that gaps 121 are defined on one or both sides of conductive
pads or terminals 122. As implied above, the conductive traces 124, 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 adhesiVeY&R in
the art. In some 25 instances, the material of the condudtive traces may be adhesively laminated to the

dielectric substrat® BieR¥AgEMd the Pem ffarcanduaiveaseginthedraces ihe bRk sdirRAtE]Y
formed from the caonductive sheet, as by etching. Further, interposer substrate 110 may also include

an opening 130 (%F%W?W“EFST@A%& fomieBerhrasd igsoltst BpdnhiHg 130U SrRENY &kt oNding

along a 30 longitkgingl Rxient piinalcentiall¥aligresssingiferaveconfighigiion ofthe sadkiple
recesses 120 from one end of interpaser substrate 110 tg the other. Opening 130 may be formed

wholly in the mafBfli of Sidrelsicedui2aen mbif By ie fasmsthlp dLeorlane BYX S NMERSHIIBEES 12- the
broken leaddine épmdiaterence nueiaddePpéripiera?. anslsbecbinkemateashdiniadroso, reference

numeral 130 in F|G. 3, be formed jn solder mask 118. Of course, opening 130 may be formed partially

in dielectric sub<{FRIEMEFRRSTSETHORAL PRIE NG EN R sk 1Bl Gs dedhalsEiistling 130 may be
formed to align alpagianyempniRd fadapk SegaRiigUIatosditse 18 BAPERD ok RadphekatwEenbetter

illustrate opening 130, FIG, 2 depicts a cross-sectional view taken algng lines 2-2 in FIG. 1. A

illustrated, openitid A3t ﬁ?@lﬂb‘é‘?&ﬁ?ﬁﬁ?&sﬁégaﬁfﬁﬂg P 866%&%;%39%‘?15%@%%%‘99%%% 2

separate individuglsiesesseed@Daiihenmuntliple tpeaiges3DA0. Hidhporeachisegmentht32 as shown

extends angg the axis ofé)(gg ning 130 to a side portjgn of each %%%}1? 10 recesses_ 120; however, the
and¥

segments 132 nf&§8sEeA V5b oD ARG BREFEREL LoD any
suitable manner opéiigxans(pie,tad ctass s pieteth ihyHGtafle apaniag F3Pdxayptorapdise éplotdaiarally

CUbstate mombEI LT N A SRR 100 A SROR LARERE A L i
across 15 openinig:a36hvandcalde berasknliifeeay ers e fndedicrsthesabitflaskieenbpening 130
and providing an g e R G a0 DS T R e S g PR S S cross
15  opening 130, and solder mask 118 covers the end portions thereof flanking opening 130
and providing an enhanced depth and width to opening 130 for underfilling purposes.
To further illustrate opening 130, FIG. 3 is a cross-sectional view taken along
lines 3-3 of FIG. 1. FIG. 3 depicts opening 130 extending directly into the recesses 120,
i.e., into the plane of the drawing sheet. Such opening 130 is shown as having a lateral
20  width smaller than the recesses 120; however, the opening 130 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 exposed at the
second surface 114 of the interposer substrate 110 through solder mask 118.
25 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
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
30  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 with



To further illustrate opening 130, FIG. 3 is a cross-sectional view taken along lines 3-3 of FIG. 1. FIG.
3 depicts opening 130 extending directly into the recesses 120, i.e., into the plane of the drawing
sheet. Such opening 130 is shown as having a lateral 20 width smaller than the recesses 120;
however, the opening 130 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 EXG: 6
recesses 120 interconnected through conductive traces!$24 with conductive pads 126 exposed at the

second surface hi#qtdihed ntpspesarsubsilaiend o dbrguoi satdaamasidkll refuiitdSsdcand 3 also
depict an adhesive element 116 disposed on the first surface 112 of the interposer substrate 110.

Such adhesive etdhfehEEIEMEPEAsmiFarabsd B B RGP e RS BlPRre A8 Shd¢pess-
interposer substrgéeidstPiteatiisnaedacant bt sepRiAtadHEoR: eaahok the mulfipleciaprSeasd 20. The

adhesive element 116 may be any suitable adhesive material as known in the art, such as an 30

epoxy, acrylic, of BHEMSEHA BRI RELNE RS BN Ui iR dnt 1A TRRsg cuivrde L iDiRdupkidtation,
a polyimide $apesbeating adhesiveerbthesidesithaieedwith dbgreexnaned s lace Haciagaway from

dielectric substrate member 111) being covered with 17 March 2006 -13- a protective release layer

until adherence 'ERSAHCEIRIEIBE FEISPRANAIGIE IR TaEFSEVE Biement 116 is preferably of, but

not limited to, a maximwTGR5 panckiickihess.désdtagsibed inanars detalbipier foehging adesdises
element 116 may be emplgyed to. function as a spacer between a iconductor die and interposer
substrate 110 to@%%otg%%%épﬁ@éies{é d’éﬁ?ﬁ@%ﬁét@%&%&ﬁ&%oﬁ% e RIS B RS ion of

conductive bumpseasitied byible siamicoisetior st inie reeesses I2haiie & béAdhrovighude eepict a
10, F1G. 4R dotots INEPHL8E AUBRSILTHY MG AR SUbbr o HEHBah T having &
bottom conductivenkdayenigemethenriizisutifidcabbeneoimither pratechvwesaldenmaskhki8derned over
et e BT T
substantially nonfiexible nmatedab Jhsthatigig contieidbueHayetis Drefeuioin coppestios tgapper alloy,
but may be any %?é&%lbéllglg 'ggﬁggﬁ ”(Yr %%%%%g%igﬁoy, but may be any suitable electrically conductive
15  material. The bottom conductive layer may comprise conductive traces 124 extending
between conductive pads or terminals 122 and conductive pads 126 (see FIG. 3). Such
conductive traces 124 may be formed by masking and etching a bottom metal or 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
20  conductive traces 124 are patterned, the protective solder mask 118 may be formed
thereover.
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
25  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 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
30  material selected being compatible with the conductive material of the conductive
traces 124 and with the bumps of a semiconductor die to be mated with interposer

substrate 110. FIG. 4C illustrates that the walls of the recesses 120 may include a



15 material. The bottom conductive layer may comprise conductive traces 124 extending between
conductive pads or terminals 122 and conductive pads 126 (see FIG. 3). Such conductive traces 124
may be formed by masking and etching a bottom metal or 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 20 conductive traces 124 are patterned, the protéthé@BIaQQ ask
118 may be formed thereover. FIG. 4B depicts dielectridubstrate member 111 with one of the

recesses 120 fogpiRddieseineSUEh igeRssaRk3h, MRRadprned dychattesingiddilizing w£hapmcal
wet etch or dry etch, mechanical drilling or punching, laser ablation, or any method 25 known in the art

and suitable for RESHEH RS FoBaIsH RBRSFSHI Ve AR F A BN RORR i Ui ARt aheABEr R 11, The

recesses 120 argersfemghiydfaunagdeexpasemppBionsatenetohiae senchichiviecl agas d24, such as
conductive pads or terminals 122. At a battom of each recess 120 and, for example, at the location of

each conductive TG ReHMRaPYsh PReRiRsoRaY B5dativd RTitd aine P Bemfashing JeARRLIY6td or
eutectic tin/lgad soldrywihi 3 material selected being compatible with the conductive material of the
conductive traces 124 and with the bum @\’gf a semiconductor. die to be mated with interposer

substrate 110. FIG. 4C fit{strard dhpitetha d AnRigranLorsss SUBUAT 36 hal IeRisieband 9ereERae Hbo6 -14-
conductive layerdiz3 famnedighgreemiigrexampledinalectislessRlainmg bpwerpssstisibsplatng is not

required for practice of the present invention. Further and as shown in FIGS. 4B and 4C, recesses
120 may be forrrie%§’v\‘ﬁ |éﬁ&éﬁ&&fﬁgﬁﬁﬂ%ﬁ%'ﬁ%%onﬁ%%ﬂé%‘&ﬁ’o?ﬂ? eH ?A%%Wﬁgz?g@ sg‘é"éﬁsily
effected using ispimeEic fAchfigheebsiduas doas known iDIhepreteFEipa SopiuiosigtoppRitaniot a

process simijlar to that depicted and described in .FIGS. 4A - 4C of forming recesses 120 in the first
Curtace 113t fofo e QSR 110 QS SR B AN R e LTl o SHEHg

conductive layerli?h raseshipghdin f Ka.thén&dshiseeauirepsaticivdayetidaariscpiriaraidyoa depper
oD Ao O R A e el U A e
to which the interpasei2suhsteatedlb:ipattaphednk Kb dideceRisih seaentepanaudtivehere the
recesses 120 are to be formed and substantially etched back from the intended lateral
15  boundaries of the recess mouths. As shown in FIG. 5C, a recess 120 is then formed in
the exposed portions of dielectric substrate member 111 by a chemical wet etch or dry
etch, mechanical drilling or punching, or laser ablation; however, the recess 120 may be
formed utilizing any method known in the art and suitable with the type of material
employed for the interposer substrate 110. The recesses 120 are preferably formed to
20  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 conductive traces 124, as
25  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 desired, for enhanced underfill access. If a wet solder
30  mask 118 is employed, recesses 120 in dielectric substrate member 111 are plugged with
a removable material before solder mask application; if a dry (film) solder mask 118 is

employed, it may merely be laminated to dielectric substrate member 111.



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 15 boundaries of the recess
mouths. As shown in FIG. 5C, a recess 120 is then formed in the exposed portions of dielectric
substrate member 111 by a chemical wet etch or dry etch, mechanical drilling or punching, or laser
ablation; however, the recess 120 may be formed utilizing any method known in th 4 Qole
with the type of material employed for the interposer substrate 110. The recesses 120 are preferably

formed to 20 expose cardis:th/g pPeRIpite M la akthe conductive trocasslakdaltesvhich
additional conductive material may be placed over the exEosed portion of the conductive pads or

terminals 122. ADBEIGRE apdhoaduir disirasoihibpted Hinaasyieraciorsdicnlating dihe walls of

the recesses 12Q15p-thp¢ seelic6pMG6H VeV R dA3HEPNEEIFEG PONIDMafthe eRNENEtVERadI DI
terminals 122 of the exposed conductive traces 124, as 25 depicted in FIG. 5D. As shown in FIGS. 5A

through 5D in scfbiNifEROLS Sustraied 19 8lignsd pravRENRIPEarsgaPierAis dollamierde Bhductive

traces 124 @, asishavsyithdveokeBdinRonmMayonelvdes@manesius Atiapaiitirs iferetarobatk fade
example to provide an opening 130 to expose the undersides of conguctiye traces 124 at the

locations of rec@SSHEA%0! 3 oIS RR AN Qe S FBE 256 'SeHARMEES th Hté(c%ﬁlé@cﬁpé‘%ell%older 30

mask 118 is emplayash secessasylahddieleptigpsubstiatecaienshen tdddate piuggesk Wb aad
removable material before solder mask application; if a dry_(film) solder mask 118 is emplayed, it may
merely be lamin Lok ?e}é%tﬂ SSHﬂgﬂlﬁscﬁ?éfifsgﬁéﬂ‘? O RSt gﬁf@@?ﬁﬂrﬂeé%n&gﬁict

simplified cross-sagtional Mewsnefrpdistsiaiinad of mewstirg andldandingdntespassssidsitathd 10 to
a semiconduyctor die.150 in a flip chip-type semiconductor device ass ly 160. FIG. 6A illusirates
tho frt suice §951BITPRBIHOLLE AUDG/HEL 170 ARORBHHF ECHU L Qe EGHACRB HE S0 Bhor t
the 5 assembly thereafilseninenduciaiftierdboninctydesan eltbiessusfane dblcandhathack side or
surface 154, wherein t ctive surface 152 includes a plurality of bond pads 158 pearin ctrically
conductive bumgSTES 1S SRR ELADTVE DR C AR BB SAR S8 GF SBHTR  Buctor e
150 are of a preselgdiececonfigiiatiorsOndeciieio theelacashaes, 2@ inatiNelpdaer sidstraiekl 10 are
sized and configured to corre?&p‘?ond wijth the 10tﬁonfi uration of the bond adﬁz’L4'58 apd conductive

bumps 156 of s e(f%}fgaw é)ﬁ_(gfd ed across the bottoms of conductive trdces including the
15  locations of recesses 120 as previously described with respect to FIGS. SA through 5D.

Conductive bumps 156 preferably comprise, but are not limited to, conductive
balls, pillars or columns. The material of conductive bumps 156 may include, but is not
limited to, any known suitable metals or alloys thereof, such as lead, tin, copper, silver
or gold. Conductive or conductor-filled polymers may also be employed, although gold

20  and PbSn solder bumps are currently preferred. The conductive bumps 156 may be of
uniform characteristics throughout or include, for example, a core of a first material
(including a nonconductive material) having one or more conductive layers of other
materials thereon. Conductive bumps 156 are preferably formed on the active
surface 152 of each semiconductor die 150 at a wafer level, but such is not required.

25  Conductive bumps 156 may be formed by metal evaporation, electroplating, stencil
printing, gold stud bumping by wire bonders, or any suitable method known in the art.

FIG. 6B depicts interposer substrate 110 mounted to semiconductor die 150 to
form flip chip-type semiconductor device assembly 160, wherein such semiconductor
device assembly 160 provides that each of the conductive bumps 156 is substantially

30 inserted in a corresponding recess 120 of interposer substrate 110 and engages with the
conductive pad or terminal 122 at the bottom of each of the recesses 120. Such

semiconductor device assembly 160 may be initially attached by the adhesive



so that the respective configurations or patterns of recesses 120 and conductive bumps 156 are
substantially mirror images of each other. As shown, solder mask 118 may have an opening 130
defined therethrough or, alternatively, full solder mask coverage may be provided across the bottoms
of conductive traces 124, including the 15 locations of recesses 120 as previously described with
respect to FIGS. 5A through 5D. Conductive bumps 156 preferably comprise, but ald .%%%ﬁ@%%,
conductive balls, pillars or columns. The material of condtictive bumps 156 may include, but is not

limited to, any kngwestiteblemetads aicaflpysinaceaf] seehnasieapedin saeppae silyerys gold.
Conductive or conductor-filled polymers may also be employed, although gold 20 and PbSn solder

bumps are currefRRABFLMS IR é&ﬁﬁﬁ?&tﬁ?@mﬁ@%é@o@ﬁ hirhoadsaistics

throughout or ingygtediovexamplacatans aba firshenatesids (inoluding @ aRensonduesve mnateiial)
having one or more conductive layers of other materials thereon. Conductive bumps 156 are

preferably formett MR LARKILE e pduchy e REmBs inBdHuthe 6 Qe st BUMBErBoRIs s uch

is not required. 25n@@nRlahivieRUIBPSiA Fhcroay: be Jonmrd Ry dnesaliev@paraE@poBleeireplapntasstencil
printing, gold stud bumping by wire bonders, or any suitable method known in the art. FIG. 6B depicts
interposer substf&ML B ﬁ%&ﬁ'ﬁtteg)m%é’?ﬁf&ﬂﬂﬂﬁ 188 ’fﬁot‘ﬁ“f&mefﬁﬁté?ﬁﬁth? lgéﬁqi’c%‘r‘f&fétor

device assemblyuleonbercineswah@eniegsiductor device assembly 160 provides that each of the
conductive bumps 156 | bstantially 30 inserted.in a corresponding recess 120 of interposer
substrate 110 and enngjé’g ith tﬁ% ﬂ%ﬁhﬂﬁ%ﬁgﬁa FOsSrRRAN L Y i BS&%‘?H%’F’SHH& the
recesses 120. Sughinseimaansbiciordawesoassarpilytd 60 may kentidbaliy atiagheb 0yrthalgshesive 17
March 200? -16- Element 116 carried on the first su faca&l@% tZ&lntergoser supstrate 110, The
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conductive Sum SSREERS S TN QRTHEEN HFHSF arseraii HEEaES the e ibR6se bads or
terminals 122 in dfiéntegessesublaeé internnsedsuitsuadefddfdayic fameamplerrefloVsingHbe o

cace o conaucti 8y ECTNAISTAled Boyiach DUHS) Ak B PR AT EABRL of onding
known in the art éragpbeheilinddesuchbanptisasanibosdingrondlcempike sSitarkl @ SondhetikB depict
simplified CrOSS-%ggtgol%al tYligr\évosn(.)fSalllcS:l? %89 umlevtgl 8gs9ef 182 may be provided on the bumps by dipping
15  the conductive bumps 156 into a pool of conductive paste 182 or by depositing,
dispensing or otherwise transferring the conductive paste 182 to the conductive
bumps 156. The conductive paste 182 may include, but is not limited to, eutectic solder,
conductive epoxy, or any non-solid conductive material known in the art. As shown,
solder mask 118 may have an opening 130 defined therethrough or, alternatively, full
20  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.
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
25  conductive bumps 156 is substantially inserted into a corresponding recess 120 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 even if some of the
conductive bumps 156 are inconsistent in height, i.e., their free ends are noncoplanar.
30  Such conductive bumps 156 having the conductive paste 182 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 FIGS. 6A and 6B.



mounting and bonding interposer substrate 110 to a semiconductor die 150 in a flip 10 chip-type
semiconductor device assembly 160. FIG. 7A illustrates the first surface 112 of interposer substrate
110 aligned with and facing the semiconductor die 150 prior to the assembly thereof. FIG. 7A is
similar to FIG. 6A in substantially every respect, except the conductive bumps 156 on the
semiconductor die 150 carry a conductive paste 182 thereon. Such conductive pastéﬁ%@‘i’ﬁtég%)é
provided on the bumps by dipping 15 the conductive bDlrﬁps 156 into a pool of conductive paste 182

or by depositing, dispeRriig 9A OtRBrUdpR tARPRAAEIHR-CERIEIVERASIE Al erionbas@oductive
bumps 156. The conductive paste 182 may include, but is not limited to, eutectic solder, conductive

epoxy, or any ndiSE3ft 8oRAHRtS MdReadiRgdNaRPtRESYRstteshifvithsd RiarARadRARIR Yy Rave
an opening 130 gdefimeg dhpreipeouah @n@ltesnatvely afdime salser rask AQiagaiiayoer provided

across the bottoms of conductive traces 124, including the locations of recesses 120 as previously

described with ré¥BEEt o FIEEYER amatioh sendustedieiy iflrlsposd meiisigudbl Qibstrate 110
is mounted ® seatisaRducial shenlhs WHRIMsaREMDWAOIdevies BRseTHIY idcunesaieaach of

the 25 conductive bumps 156 is substantially inserted into a corresponding recess 120 of interposer

substrate 110 withHf8 SBHANANE PEAE 18T ERGEG G WF e iISH%Ib&ﬁéeg?)QEt SEARHSITS2 in each

of the recesses bh3feWithithisisiaaRRet, dheheoredsdiverpastaecl8enpiDvidas arntaghwitial fheor
conductive pads or terminals 122 even if some %f he %onductive bumpﬁ- 1%? are jnconsistent in
height, i.e., their fESEHAS WRRBALEIISTAMED SO BRI NS B Havk e conductive

paste 182 provided:tesan makdhasrpesdpenbachio the, aerdpiiive ipdds ogBerminaimdvayn the
recesses 1r§0 of inte iE)oser substg te 110 as previ uslg describggén aT“sociation with FIGS. 6A and
EES8s e ctiohd
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preparing, mountisigeathd hangiegiidieraasersabhisiratiecBeyithi diseifucandatior die 150 in a flip

mass of conductve padto TP CHABOLEH SIS L1 a1 A5 S paLr L PR O S inich
correspond with figegsses sudourdisd concusiive jpasititSzdusitielicsiFead foyna spivadigtmember 184
over the stencil ]d%gigg atshs%trrmfy (:I%B(,j\% tci,\r/gin each of the conductive bumps 156 is substantially inserted
15 into the conductive paste 182 in the corresponding recess 120 of interposer substrate 110.
As previously described in FIG. 7B, the conductive paste 182 provides electrical and
mechanical interconnection between the conductive pads or terminals 122 or trace ends
and the conductive bumps 156 even if some of the conductive bumps 156 are
inconsistent in height, i.e., their free ends are noncoplanar. The semiconductor die 150
20  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 disposition of an adhesive element 116 over first
surface 112. Moreover, it will be understood that conductive paste 182, if eutectic
25  solder, may be disposed in recesses 120 and then reflowed and solidified prior to
attachment of semiconductor 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 may be employed. FIG. 8D is an enlarged view of a single
30  conductive bump 156 carried by a semiconductor die 150 in initial contact with a mass of
conductive paste 182 disposed in a recess 120 in dielectric substrate member 111 of

interposer substrate 110 over conductive pad or terminal 122 of a conductive trace 124.



paste 182 is deposited in each of the recesses 120. The stencil 186 is then removed prior to aligning
the conductive bumps 156 on the semiconductor die 150 with the recesses 120 in the interposer
substrate 110, as depicted in FIG. 8B. Alternatively, 10 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 thel | 06
substrate 110 mounted to semiconductor die 150 to fori &emiconductor device assembly 160,

wherein each of the conductiyieneymRenhEifdsSsetstastiiallingerssid ddntethamentueaepasie 182 in
the corresponding. recess 120 of intergoser substrate 110, As previously described in FIG. 7B, the

conductive paste'182piBviae ok Py R rearipd st derdiseh thaabhtiuctive

pads or terminalsohdPinteack eNdseaed the ¢RbELIcHLRihyTROASRaVePilisemerafithe qondistive
bumps 156 are incongistent in height, i.e., their. free ends are noncoplanar. The semiconductor die

150 20 may therf 581G RARTAESHAR ASGsBH @hlssthatal 1 DY LR ED O IY Reslirtied in association

with FIGS. 6A anrgk6ffolftwilliDeudndeiseodnasiaiedabo vacknahsiencd d&& may sebelcequitsd if
the mass of conductive paste 182 is disposed and spread into recesses 120 prior to disposition of an

adhesive elemem! AP AFSPUAPES R PV RNGFBBYE ¢ DSIFHe understood that conductive paste

182, if eutectic 25 soldemi@say Re dispesrd ihigEessesod2Ocanohthancieflonedasiad:salidiigsbpeor to
attachment of semicqrﬁ%elctor die ]BSO to interposer substra?tgéio using a second reflow fﬁ’ provide an

indefinite shelf lif16H Fblééé?eé B BRPTLPE S AP A RiRERAT O rMERnYEs 77 Blédéﬂ%ned
with interposer siipsisaterktiBsafier Comcgkvaasticlispdisiioon iaadldp niglieyiaflammaydaetemployed.
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member 111 of FEsRsersivbsisaieidity ovedieandyeiive 15ad wedeiromat T ata i ductyetiikace
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in each of recessks 11520 thsalegicpidinglof. condbctévdpats ©blieiplinatsii 2R:\idin a ety ctivie as
material such as B S e I e R URI0 M TN aRS S IS4 182, which was previously spread
15 into the recesses 120 of the interposer substrate 110. The bond pads 158 in the
semiconductor die 150 are aligned with the conductive bumps 156 in the recesses 120 in
the interposer substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B.
The conductive paste 182 may comprise a solder wettable to both bond pads 158 and
conductive pads or terminals 122 or a conductive or conductor-filled adhesive. It will
20  also be understood and appreciated that conductive bumps 156 may themselves comprise
solder, such as a PbSn solder, and conductive paste 182 may be, optionally, eliminated.
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 by
semiconductor die 150 may be formed in each of recesses 120 through plating of
25  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 bumps
are bonded within the recesses 120 of the interposer substrate 110 itself, the height of
the flip chip-type semiconductor device assembly 160 is minimized. Therefore,
conductive bumps 156 may be formed larger in size than those of conventional flip chip
30  assemblies without increasing, or even while decreasing, the height of the flip chip-type
semiconductor device assembly 160, resulting in the increase in electrical and

mechanical reliability and performance of the interconnections between the interposer



5 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 of a
variant of the 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-type semiconductor 10
device assembly 160. Such variant is similar to the third method as described in FIG S MArctsg)0e
providing conductive paste 182 in each of the recesses‘i%O, except the conductive bumps 156 are

initially unattacheghieriie onthpasssthicohihrsemicosulupiatheieddfcbsdenotadin fiferpdlerthe

conductive bumps 156 in the form of balls, such as metal balls, are embedded into the conductive

paste 182, whictWalgire\i8RERY is-an innsrtA eomil &sBect 9BSERYHL A SNl BLRr§hP1 10. The

bond pads 158 igdiie- ot idvitensiendsi) Bseaatigardovidutie €onepstgg BHMps S ndgir
recesses 120 in the interposer substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B.
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pads or ternsinalsh2d0r1a semadative adeendkisiombhedladiesiyeirtt wilk28 alsp dranandesgiend and
appreciated that conductive bumps 156 may themselves comprise solder, such as a PbSn s%er, and

conductive paste 435 Hal DesoptrbaNRE ERScHEE PR d farh dreditsrnsivE Py St foleght
described with respaeila fSlidAeand dheacomtbctinadommp bpaito1156 used indigsbedra conductive

bump 156 carried by semiconductor die 150 may be for in each of recesses 120 through plating
of 25 conductiveSBE%fEaEFr {éﬂﬁﬂ}ﬁ%ﬁ it %FW&FJJ%PW@E%@#%% Qe itXwill be
well appreciatedteyuenetoicoraibearytskihk imiharapilhaticsiaae the fLismpsnaiethendeshwitel) thess

recesses 120 of the jnterposer substrate 110 itself, the height of the flip chip-type semiconductor
evice asstibly TEATGHIAISEH, FHEHEABE Mo b TEFiay B o huiifger i sze

tha}n those of qosy@mﬁmﬁh{ﬁp d;iaimsm assemplies without increasing, or even While decregsing, the
and mechanical relaoiy S Babianbe SN ecP L R DA RO REPRGLER 17 March
2006 -19- substraiadtillenediee ¢ micobe uptindiey LppliEditheiigthepeetes369.120d mikiedaterposer
substrate 110 prgy e et e AT I R e ARSI 1B R B R SR under
15  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 conductive bumps 156, bond
pads 158 and conductive pads or terminals 122. The dielectric filler material 166 may be
20  self-curing through a chemical reaction, or a cure accelerated by heat, ultraviolet light or
other radiation, or other suitable means 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-type semiconductor device assembly 160 as
well as precluding shorting between conductive elements and protecting the conductive
25  elements from environmental concerns, such as moisture. As such, compared to the
conventional underfilling of the entire semiconductor die, the semiconductor device
assembly 160 of the present invention requires less time since the filler material may
only be directed to fill the recesses 120 or, rather, any leftover space within the
recesses 120 proximate the interconnections, i.e., conductive bumps 156.
30 Turning back to the third and fourth methods depicted in FIGS. 8A - 8D
and 9A - 9B, the interposer substrate 110 described for use in such methods may not

include an opening 130 for applying filler material to the recesses 120 because the



semiconductor device assembly because the conductive bumps 156 easily slide into their respective
corresponding recesses 120 to ensure proper alignment and proper attachment 5 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 elemert: YR 794 the
conductive paste 182 may be used to compensate for aaﬂ/ irregularities due to varied conductive

bump sizes, receggedfdepthsanmbnlananity (vasiation timauréangeafthe TtgEpaseisybstrate 110
and semiconductor die 150. As shown in FIG. 10, a dielectric filler material 166 (commonly termed an

"underfill" materigHHEYBESREARNY g AYSHA SHOHHYPRP RIS hilrB S RISIEYSE to apply
the dielectric filleyupiateeal IbaG i mvedaradly dydisRERSIRG HedeidlIakessUbe Akeydispenser head
164, but may include any method known in the art, such as_gravity and vacuum injecting. In this

manner, the dielectric fliEr m3@iACEBE HEYPIEcEyphalrihsthecBas srldet 8! hu e b SBHY front

through the snultipledsegmantisckdl RpodidRDLachohthirieepsges IZBxividdasproea@pund the
conductive bumps %56, bond E?fads 158 and %onductive pads or terminalsai‘ZZ. The dielectric filler

material 166 may“bES0l 8RN RS TH ACSHAIRI LY redtiorP e g s Balls e i Phy Fvaded
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semisolid mass .in the recesses 120. Such dielectric filler material 166 provides enhanced
securement of tHgfé)BWﬁgoﬂ%srﬂ?%rﬁﬂ?g%ﬁ%ﬁ%ﬂé’%ém?%m&ﬁ%%ﬁﬁf %;ﬁrﬁB IPEHYES well as

precluding shortingrbeivesn slansiliclivel elerivanisfandquatestiagsthecondustive 2oelasiests from
environmenial cl??gﬁgrrﬁqsg such as moisture. As such, compared to the convention%llﬁ\;indergl'ng of the
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110 described fafitlsetiicSuth meirads 66ayanbteinphaotialamn @pdésingd 3G doetpplyingiider material to
the recesses 122(&?&%@[‘1‘ l?cy(q)re d]ig MS rr(i:lta]yzt%%g l_)%%ither partially or fully encapsulated by an
15  encapsulation apparatus 178 with a dielectric encapsulation material 168 as depicted in
FIG. 11. In the case of partially encapsulating the semiconductor die 150, encapsulation
material 168 may be dispensed by dispenser head 164 about the periphery of the
semiconductor die 150 so that the back side or surface 154 of the die is left exposed. In
the case of fully encapsulating the semiconductor die 150, encapsulation material 168
20  may be provided by dispensing, spin-coating, glob-topping, pot molding, 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 surface 154 of the
semiconductor die 150 (which may include at the wafer level, as by spin-coating) prior to
dispensing additional encapsulation material 168 about the periphery of the
25  semiconductor die 150 in order to facilitate fully encapsulating the semiconductor
die 150.
FIG. 11 also depicts flip chip-type semiconductor device assembly 160 attached
to another carrier substrate 170, such as a printed circuit board or mother board. The
carrier substrate 170 includes a substrate upper surface 172 and a substrate lower
30  surface 174, upper surface 172 bearing substrate terminal pads 176 arranged to
correspond and attach with conductive balls 162 on the second surface 114 of interposer

substrate 110. As such, the flip chip-type semiconductor device assembly 160 may be



recesses 120 are substantially filled with conductive paste 182. Therefore, it is contemplated that
applying filler material through an opening 130 in the interposer 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 5 conductive material, provided at the conductive pads 126 exposed at the
second surface 114 of the interposer substrate 110. Such conductive balls 162 may]ﬂel\ﬁ c?é)(ﬁ)6prior
or subsequent to dispensing the dielectric filler material‘.%B, and formation thereof, if formed of

solder, is facilitaigdchyrseddgramaske dlidaiseedntecid) andapariuasrdRarrirpuaivplagegover locations

of conductive pads 126. Of course, conductive 10 balls 162 may comprise other materials, such as
conductive epox@@f%’dﬁdﬁ?}l‘é‘?{?ihéﬁs dpoiredieaashds sl aasthefShaplslectiin b umps,
columns and pillgigeNcadhensomdrictivevaniis thé drargafotread o appliad dehesktohbalipterRnsaie

substrate 110 and the dielectric filler material 166 has been provided (if desired or necessjtated), the
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apparatus 138 wiiliglastimhencantidadiey) mnatesiahitaSasadepisiethitebdedd. In the case of
partially encapsulating the semiconductor die 150, encapsulation material 168 &ay be %is ensed by
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€ semiconductor die
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15  heat from the flip chip-type semiconductor device assembly 160 and to reduce the
incidence of thermal fatigue in the interconnections and circuitry of the semiconductor
device assembly160 and, 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

20  conductive material that is nonelectrically conductive, such as a thin diamond material
and/or diamond composite deposited as a thin film or layer.

As depicted in FIGS. 13A and 13B, the interposer substrate 110 of the present
invention may also be formed initially on a wafer scale corresponding to a
semiconductor wafer carrying a plurality of unsingulated semiconductor dice 150 and

25  then singulated or separated after assembly by a dicing process into the individual flip
chip-type semiconductor device assemblies 160. As used herein, the term “wafer” is not
limited to conventional substantially circular semiconductor wafers but extends to any
large-scale substrate including a layer of semiconductor material of sufficient size for
formation of multiple dice thereon and encompasses portions of such large-scale

30  substrates bearing multiple semiconductor dice. In particular, FIG. 13A depicts a
simplified cross-sectional view of a semiconductor wafer 250 facing a wafer scale

interposer substrate 210 prior to mutual attachment thereof. The semiconductor



17 March 2006 -21- mechanically and electrically connected to carrier substrate 170 by reflowing the
conductive (solder) balls 162 to the substrate terminal pads 176. A dielectric filler material (not shown)
as known in the art may then be applied between the flip chip-type semiconductor device assembly
160 and the carrier substrate 170 for securing and 5 protecting the interconnections, i.e., conductive
balls 162, therebetween. FIG. 12 depicts a flip chip-type semiconductor device assthMa{‘éb%ﬂ%ﬁJding
a heat transfer element 180. The heat transfer element380 may be provided over the first surface

112 of the interpaagsrstavstatecdi+o pnd made hife dResie flanienditd 6 ssia tbinmiRemaatys
conductive material. The heat transfer element 180 may also be provided on 10 the active surface 152

of the semicondSERaFaRs 2 PAMIE S Fifs oA PIOKER (e St 6Lens S6RHERBI L Another

option is to provigafthe feaidransiebalensrptol8aretethsiback sidervesurace 15%alithen
semiconductor die 150 as shown in broken lines. Such heat transfer element 180 is configured and

located to therm&T§X SRR AL G en rRaluded AP RHBCHST IHEEPE Snfbrbrralisrtiea dicaidor die

150 to remoye sughbbadpalsienythenflieghir-typ@&emiconductor device assembly 160 and to reduce
the incidence of thermal fatig[ue in the interconnections ang circuitgé/cof the semiconductor device

assembly160 and, specifiCal IS CeH R B ARSI AL 480 I HaHERE St titk? 875 ting
temperatures. TherhgatAransfer alameatdlosaapbediensici aianysthermally 1 zandugiivenmateoal,
such as copper and.silver, but may also comprise a thermally 20 cond c%iv material th&ié IS
nonelectrically cORYHERAS S&RH Y é%wagﬁ%%?ﬁa?e??ﬁp%w F‘fﬁaé:}] 'n%%‘fﬁ?ﬁ%ﬁ% éposited as a
thin film or layer fégnde pictesiindmpossr ddh@ned ARBarthaddtekposes pdngtiatanbdandiahepiaaent
invention may also be fo.rg: d Eitially orr}.a wafer scale cor es‘%)on ing to a .se icond&cto ﬁffr
carrying 2 Bral /BRI U EPRIGB AL P SO P8 Bl e S UHSP b SEpaatic after
assembly by a diaing:priecassdidiovhteirndividuadhiimmehipgrtype isesmoendutiar@devicerassenblies 160.
As used herein, the &}er "wafer" is no Iimitegﬁg ventional substantially circular semiconductor
waers but exter SIS 105 GBS SEIS A il cHiG AIEDEY o7 B Setbr WtEad o
sufficient size fokuidioeationodiimeuliiptpdigssiiberia@and etconhpassdapdibnmpd sschtatge-scale 30
substrates bearing multigle semic%on%lé:tor dice. Ira Particu ar, FIG. _’LﬁA deg.ict a. .. :
sémiconductor water are 1nserted Into and substantially received within the multiple
15  recesses 220 formed in the interposer substrate 210 to form a wafer scale assembly 260,
as depicted in FIG. 13B. The wafer scale assembly 260 may then be singulated or
“diced” along the borders 253 of the semiconductor wafer 250 via a dicing member such
as a wafer saw 280 to form individual, singulated flip chip semiconductor device
assemblies that each include one or more semiconductor dice 251 having the separated
20  interposer substrate 210 of the present invention mounted thereon.

Also at the wafer level and as previously described in association with FIGS.
6A-6B, 7A-7B, 8A-8D, and 9A-9B, the conductive bumps 256 may be bonded to the
conductive pads or terminals in the recesses 220 to, therefore, mechanically bond and
electrically connect the semiconductor wafer 250 to the wafer scale interposer

25  substrate 210. In addition, dielectric filler material may be applied through the
openings 230 and conductive balls 262 may be provided on the bond posts on the second
surface 214 of the interposer substrate 210, either prior to dicing the wafer scale
assembly 260 or subsequent thereto.

FIG. 14 depicts a top plan view of an interposer substrate 310 having an

30  alternative recess configuration made for corresponding to a substantially “mirror image”

bond pad configuration on the active surface of a semiconductor die. In particular, in

this first alternative, there is an I-shaped bond pad configuration, wherein multiple



simplified cross-sectional view of a semiconductor wafer 250 facing a wafer scale interposer substrate
210 prior to mutual attachment thereof. The semiconductor 17 March 2006 -22- wafer 250 collectively
includes multiple semiconductor dice 251 in columns 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 surface 252 and each semiconductor wafer 250 includes conductive bumps I8dvgrgh 2006
configuration dictated by 5 the bond pads on which the')Z%fre formed. The interposer substrate 210

includes a first spréase 2320am6 REREOBIS URtaEEpA duvfitbe BUHtiplenieaRsse SRR fmedtinthe first

surface 212 and openings 230 having passages (not shown) formed in the second surface 214. The

recesses 220 fothRgdintReintaRscdemsub St s X e IiRRt o Lo FB0sTHaR StsLSidE AR RE mirror

10 image with thedayrepieenfiguativn.eetaelalidirrouitiple semmisonausiar gige 25 taffitheation,
semiconductor wafer 250. In this manner, the interposer substrate 210 may be attached to the
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and substantially received within thelrgultiple 15 recesses 220 formed in the interposer substrate 210
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then be singulatgereied dieedibalangdhedondess 2o sHdesamigandycioswater 1250Adanatdicing
member such as a wafer saw 280 to form in%vidual, singulated flip_chip semiconductor device

assemblies that BRI HH BRI Se RfCBAMIGEF e 2N HEMAL YR L' JBISAPRESH 20 interposer

substrate 210 of gl @sesend isvemion BetnRirhdherecnssamilne wafeirlavetenboad paaviously
described i[tm associagtion with FIGS. 6A-6B, 7A-7B, 8A-8D, and 9A-9B, the conductive bumps 256 may
be bonded {8 thé B SHIRHRL PeULSHIS HTATE B s mucdudY %0, therefore, mechanically bond

and electrically connecathesesugonidseivewalen 25pda thehvatenaoale intepesarighratibsfitait 210.
inaiion el eCTe ey b sopled s e epPOneR 20 sondhcius e 202
prior to dicing thenwaiemsealspcassenbly 260« sibsdaatuepddhesigirate opposing that through
which the recesses are formed with passages extending therefrom to each of the
15  recesses. As such, subsequent to mounting a bumped semiconductor die to the
interposer substrate, dielectric filler material may be applied through the opening and
passages to fill the recesses and protect the conductive bumps disposed therein.
FIG. 16 depicts a cross-sectional view of a semiconductor assembly 460
including a semiconductor die 450 mounted facedown to an interposer substrate 410
20  having a peripheral recess configuration and an alternative method of applying dielectric
filler material 166 to the assembly 460. In particular, dielectric filler material 166 may
be applied by dispenser head 164 around the periphery of the semiconductor die 450 so
that the dielectric filler material 166 flows under the semiconductor die 450 and around
the conductive bumps 456 adjacent the die periphery. As such, the dielectric filler
25  material 166 is only needed proximate the conductive bumps 456 and not under the
entire die as done conventionally. The semiconductor die 450 may be left exposed or
encapsulated by encapsulation apparatus 178, which may provide encapsulation
material 168 to the assembly 460 via dispensing, spin-coating, glob-topping, depositing
or transfer molding, or any suitable method known in the art. It is preferred that such
30  encapsulation material 168 be applied to the back surface 454 of 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.



FIG. 14 depicts a top plan view of an interposer substrate 310 having an 30 alternative recess
configuration made for corresponding to a substantially "mirror image" bond pad configuration on the
active surface of a semiconductor die. In particular, in this first alternative, there is an I-shaped bond
pad configuration, wherein multiple 17 March 2006 -23- recesses 320 are formed over the upper
surface 312 of interposer substrate 310 that are aligned.in the shape of an "I" with ddh¥ersh ents
316 disposed on either side of the body of the "I'" and bétween the ends thereof. In another alternative

recess configuration, thRfigegsserinehRGEeabIAAR TS ROSRESHRSIAa R et cnageidhery
thereof. Such 5 alternative is depicted in FIG. 15 of a top plan view of an inte_rEoser substrate 410 with

an adhesive elefi&ntA1g arablatbinsbPesredrimibriBePLiahstrattate 6 Lhyith the ceadbs Veormed

thereabout and pigxippass AiRpsidar/ (B FILINESes pEISI8tEd HosABE tREFITIS VIS TECESS
configurations, the periphery recess configuration in interposer substrate 410 is made to correspond

with a substantidif{f" Mot °hdht PR oML R oY ARt edb e it dBmiconductor

die. As previpuslyIdsseibes wid 7aspBGbiathentaiiehravb seeRSSIEORSigWatn ot 436 tosiaped
and the periphery configurations depicted in FIGS. 14 and 15 may include one or more openings in a

surface of the intIFBSSF'stbSHAE Bihosing that through which the recesses are formed with

passages extending thexefilamuia«epeibaidhaidariacessesm Ao vueh FRGbseauiptHpmPenting a
bumped semiconductor die to the interpo (ﬁér,sgﬁstrate, dielectric filler material mCzE| be applied through
the opening and>PRESIGESIES AVHGE FERE0RRlS  QHP TR PEE IR SBFREORS BIHS HigdeE therein.

FIG. 16 depicts aciaBs7eesticinal piew afstysnicssddetaeasssimily KN ilnclchng @rsgsiepsdoctor
die 450 mounted facedown to an interpQser substrate 41 having a peripheral recess configuration
et an At TP TS SRR L Al TeR LR RBt H O B
dielectric filler mateidalcbbonuaicabe appliadibyudispanserhaad dbdugsotine the Jreripiterynphthe

semiconductor die 450 that the dielectric filler material 166 flows_ under the semiconductor die 450
e s S BT R B the GRS A KSR B AR e D

material 166 is osypoeaeadadosimaisthensonducivialer bipsodhte aodicqtsucilas théiskedtire:die as
done conventonaly . e S S0eE O AR MRS ST ARISHL But is not limited to, a
15  microprocessor or a circuit card including hardware for processing computer
instructions. Additional structure for the computer system 500 is readily apparent to
those of ordinary skill in the art.
As a further approach to implementing the present invention and as depicted in
FIG. 18, an interposer substrate 110 may be provided having conductive traces 124
20  laminated thereto, the bottoms thereof being fully covered or, optionally, uncovered by
solder mask 118, and a conductive bump 156a formed by reflow (if solder) or curing (if
an epoxy) of a mass of conductive paste 182 at the bottom of each recess 120. A
dielectric filler material 166 is then disposed over conductive bumps 156a in each
recess 120 as shown. A semiconductor die 150 carrying a like plurality of conductive
25  bumps 156b arranged for superimposed contact with conductive bumps 156a when
semiconductor die 150 is aligned with interposer substrate 110 is then aligned over
interposer substrate 110 and vertically pressed thereagainst as depicted by arrow M, the
die placement motion squeezing the nondielectric filler material laterally outward so that
conductive bumps 156a and 156b meet and make conductive contact. Adhesive
30 elements 116 may, as shown, be used, or may be omitted, as desired.
In a variation of the approach of FIG. 18, it is also contemplated that, in lieu of

using dielectric filler material 166 and to provide an interposer substrate-to-die adhesive



encapsulated by encapsulation apparatus 178, which may provide encapsulation material 168 to the
assembly 460 via dispensing, spin-coating, glob-topping, depositing or transfer molding, or any
suitable method known in the art. It is preferred that such 30 encapsulation material 168 be applied to
the back surface 454 of 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 sEMMEEOY? die
450. 17 March 2006 -24- Further, in this alternative embodiment, it is preferred that the semiconductor

die 450 is assembiec@o Rondedeimihe ernoseIsHbistniate 41 wihdheice fICNCE BUABS A0
disposed in the conductive paste 182 as described in FIGS. 8A-8D and 9A-9B; however, this

alternative may Q5 Ehimey e fhetfdadiecsrhayeh jeResT SRR e 9 Al IR Rbling and
bonding the semisaagtisiendiaoidea thercsieiRPsabstdsisaiebhl (ihs tiaitaien dobl@ek dgram

form in drawing FIG. 17, flip chip-type semiconductor device assembly 160 of the present invention is

mounted to a cirtEY BSarane 76 $o RHRRS o ¥ i e seir RaHE L dis 2l N RO mputer

system 500510 kutgfemuie sxsiem oehtrecekauiitieanenipiOl Bheanaasies wal Bpereeasseedevice
572 which communicates with _zﬁcitir?lput device 574 and an output device 576. The iri]a%ut device 574

may be a keyboQAHBISE Vol SHHRAY SHBRLEIRETE AAGLREEP RS U ice 576 may

be a monitor, printacendionag €ileY el RUARAERSUIBKINIVESQT fiyseiieredwpHitRYicEhdMRal,
processor device, 572 may be, but isﬁrlOt Jimited to, a 15 microprocessor or a circuit card including

hardware for proe @& RsHb MBI RIS, ‘ABitional structure for the computer system 500 is

readily apparent to tho¥eef ardinaby skihtentharthaASip fhithehappioacbiadm@erienting shenpresent
invention api% as depicted in FIG. 18, an interposer s bStr%}?ﬁillo mal}égelgrovided havin%_conductive
traces 124 2D laRTSIEATHELA8, RIY 15t 4R RATE 5P BRThBARRE 8V A S S Lo A9 MRILS 9B by

solder mask 118;@ndmicamdiistivedusmprdiaba darmeddynibiiove(ifgoldes) macusimiiivanagpoxy) of a
mass of conductjve ﬁgste 182 at the kiottom qgea%h @ce%g 120. A d{)elecbr'c filler material 164 is then
Y R ] e

disposed over cORGRIRE D ﬁlngigjé’ irf @4E l?acélgﬂé)\%. REEO R RS reie
carrying a like plusaliy ahoqndubiskedielectric member and eliminating a second 12 ym thick

conductive layer adjacent the semiconductor die, even with a 25 ym thick adhesive

15  element comprising a tape disposed between the semiconductor die and the interposer
substrate, since the discrete conductive elements or conductive bumps of the die may be
substantially completely received within the recesses of the dielectric member, but for
any vertical standoff provided by the tape. Electrical connection reliability is improved,
since the conductive bumps are in contact with the terminals at the recess bottoms,

20  either directly or through an interposed conductive material within the recesses,
eliminating the need for conductive vias and an electrical connection between a first
conductive layer adjacent the semiconductor die contacted by a conductive bump and a
via and another electrical connection between the via and a second conductive layer on
the opposite side of the interposer substrate. Moreover, due to the straightforward

25  design, even large semiconductor dice carrying a large number of conductive bumps may
be rerouted for external connection using the present invention as all rerouting is carried
out on the side of the interposer substrate facing away from the semiconductor die.

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 conductive bump,

30 thus greatly facilitating bump and recess alignment by loosening required dimensional
tolerances. For example, a 75 um bump may be employed with a 120 um recess using

a 175 um pitch.



25 bumps 156b arranged for superimposed contact with conductive bumps 156a when semiconductor
die 150 is aligned with interposer substrate 110 is then aligned over interposer substrate 110 and
vertically pressed thereagainst as depicted by arrow M, the die placement motion squeezing the
nondielectric filler material laterally outward so that conductive bumps 156a and 156b meet and make
conductive contact. Adhesive 30 elements 116 may, as shown, be used, or may be 6%&@&?5906
desired. In a variation of the approach of FIG. 18, it is a@g'contemplated that, in lieu of using dielectric
filler material 166 and to prayislepRitey PRSAbSHDsibae - ia:¢dieaadiespeslol bbatkk2R0BumBpminstead
of using a separate adhesive element 116, a nonconductive film NCF as shown in broken lines in FIG.

18 be disposed G RstipoLe i nlsLhctha Breseaf BYSith SlowsNe it BRmtY Pelevatkii®n and

prior to assemblywithtadsamipendetciarcdiabibftiGawiing ssagusiie dvpopedlinthe Whahethae
semiconductor die 150 and interposer 5 substrate 110 are pressed together, conductive bumps 156a

and 156b will pePEHSHARE SHE RIS AefRIRIG R g dare YRlits RIRHEar dundoctHE AdS aRRREN.
Suitable nofconguetbrifliNspaetHdedRe st Ik e }iha2obitims afferediythiasdt Chamigahts

Semiconductor Material Divjsion, Japan. Thus, it will be apparent that the flip chip semiconductor
device assembly?Bf & BB HVention provides a compact, robust package at a reduced cost in

comparison to conventignabibisnpgd seICeMANHBR dierpssarsihiasenepidyinecduaheondyiativedayer
interposers. For example, a package height reduction of about 90 pm may be effected II#sing a 1?0 pm
thick dielectric mEHBLPSHRE &TFHHIHEE YotBHA OB CHIG O RBRg FRiVATK 0L AR e AlqRRILY ©
semiconductor dige emarcwvitiu@ctaliemdivek adhasivevkl atament camprisinga Bpenhdisposed between
the semiconductor die gnd the interposer. substrate, since the djscrete conductive elements qr
contuctive KSR oD <TG iy GRS | St Ok GBS
dielectric membeenidbidiucanydve ticahatandoff pronide dsayrdheytanslifiedtica taonsationieliability is
improved, since the cqpductiye bumps are in.contact with the teminals at the recess bottoms, 20
Cithor crcctly or BSBUN T IGANS e ALl M F Pk S SRt the need
for conductive viasnasiexaty elabtyicallceendttiondiebiectiaitiste cpnokiativetipyds asiaeentie

micon rdi n n IV mp an :
semiconducto dtl?ecs%rﬁ%%[r? ub%ra d(I:g ar%I %te?p%ger Eu%stcrja?e together, different bond pad

15  arrangements are easily accommodated without the use of a liquid or gel adhesive and
attendant complexity of disposition. 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

20  used, when heat is used to soften the bump material, the tape acts as a stopper as well as
a cushion when the bump material relaxes. In addition, tape accommodates the “spring
back” effect exhibited when force used to assemble a semiconductor die and interposer
substrate is released, helping to keep the interconnection or joint together. These
advantages are applicable to both rigid or flexible interposer substrates.

25 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 force may be applied sufficient to ensure contact of
the conductive bumps with terminals without damage to the assembly. Further, use of
tape facilitates handling of the assembly prior to reflow of solder-type conductive bumps

30  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



via and another electrical connection between the via and a second conductive layer on the opposite
side of the interposer substrate. Moreover, due to the straightforward 25 design, even large
semiconductor dice carrying a large number of conductive bumps may be rerouted for external
connection using the present invention as all rerouting is carried out on the side of the interpgser
substrate facing away from the semiconductor die. The present invention may emplég Yrach0ieral
dimension or diameter which is far in excess of the laterdl"dimension or diameter of an associated

conductive bump,oidthiheisdesrathciasiiiatingrhumpeansd seeese alisgament bynlapseriaghieduired

dimensional tolerances. For example, a 75 pm bump may be employed with a 120 pm recess using a
175 pm pitch. 17 RRshRe g cabcapsu Rt A suniRRisHpted st TaHeu D RNl
conductive bumpiRgieny bestiseditRiinplerrenisthecpmesRRhiNEaliap of Myevesmibis guiigntly believed
that gold stud bumps used in combination with a solder paste disposed in the recesses are
particularly suitaBP@%f‘)ﬁ‘rototyping and low volume production due to their advanced 5 state of
developmers, low cost, Wexibility presceomveadatings difaranidnsed padiaydfiscrand firgpith
capability. In addition, the use of a flexible interposer subsirate easily accommodates minor, variations
between heights STAHBNE S SRA SR HY RS ReEe 1R P LBRE Y gﬁﬁﬁﬂéﬁ S tRE LSRRG die
active surface aspyedcagdhpitahénavesminatsndtyohienitd. encappugtiktibdesaiie thafisonewy @ll

portions of the periphery and back surface of the semiconductor die by a variety of methods is greatly
facilitated, as is ﬁ’i‘E&JﬁB}r/%%‘?%%dlﬂ’éﬂﬁaW% RalietE Ratirhrierarta dim éﬁcﬁ%‘&?é’ﬁ? t sink

without adding corvglesityata tignpackage. 1$ianadhesiveciemanioampithbaghaidpeisbeseantssecure
the semiconductor %%i and interposer sybstrate t%gethﬁ;, different bond pad 15 arrﬁgement are
easily accommoda HRRFRMeS5Ya1a1RE JeiuaHsisans o BedmERtC8o rhBlesaRmBIe:

disposition. Morergpgeifically30dnagesemitondocieictieediaassoeitidheviapthenay gl pslpséapper or
barrier and as a cushion.ﬂlfcfga conductive paste is de os](tﬁi.in ia, thﬁ? tape act$ as a barrier to
revent paste cAREAIRIREHINR 'R APISER S AP SERR o Ik Biel it oY 1S oRh P AAEH S8t
conductive bumpsdgre26 dset shdped keatdssigeghtatkoftehithefoyengubatatisd, henthpe petpasra
stopper as well argcess configuration of interposer substrate 410 in FIGS. 14 and 15, respectively. In
15  addition, the present invention is contemplated as affording advantages to assemblies
using rigid as well as flexible interposer substrates, although, of course, some features

and embodiments may offer greater utility to flexible interposer substrates.



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. 25 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 cushﬂJnM@rﬁtbﬁ%ﬁdie
attach to the interposer substrate, as force may be appﬁ%%’ sufficient to ensure contact of the
conductive bumps with terminals without damage to thegpasmbly. Further, use of tape facilitates
handling of the assemply prior to reflow of solder-type conductive bumps 30 in the recesses as well as
rework, as the a&@%bﬁi&?’l‘i’?ﬁg 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 17 March 2006 -27- volume of dielectric filler material (jf
employed) required betlveen theStBPIEYtSSSTIYiR%a HHico B rncts e S QACE IS ¥orRpiidhE
characteristigs regetaedhkomptamial incidence of stress-induced defects due to thermal cycling of the
assembly during operation. 5 While the present invention has been disc#g)sed in terms of certain
preferred emboditEAteSHdARE PR BY SHRIREP iSRS S BThAT ESH Tﬁé“%ﬂ'?\}e{)ﬁﬂ‘e% e hd
appreciate that the inveninr isnetsRaNmisedpWeditioasceleletions mrtpipdificationedes vilisetjsclosed
embodiments may be effectfad without departing from the scope of the invention as claimed herein.
Similarly, features from'BH&EMbodiment may be combined 10 with those of another while remaining
within the scope gbthéingventite:pbaraxanale hikmgpaningddirantdsegoansdidzcdaseried in
association 6vith the centre%lalg qu}ned recesls confi uratio&in interpgser substrate 110 in FIGS. 1-3
may also b¥provided 2 %GR E0%E HEHE L dacrsees et i%’ﬁe@a‘r% PSR EUHSiAtE 310
and the periphery recepsrtonfiguintion ofiddienpaaty subsitiate ddlinintGdehdmaddéontgpedively. In
15 addition, the present.inventjon is contemplated as affording advantages to assemblies using rigid
s well as flexible intorELE EULE Q05e ARG OF LOUISch QOR o LB a5 O BB Ento rmay

offer greater utility to flexillgsivadooser substrates. -28
placing the at least one semiconductor die with the active surface facing the first surface
15 of the interposer substrate and disposing each of the plurality of conductive
bumps protruding transversely from the active surface of the at least one
semiconductor die into a recess of the plurality of recesses of the interposer
substrate so that each of the plurality of conductive bumps is substantially
completely received within each of the plurality of recesses in the interposer

20 substrate, respectively.

2. The method of claim 1, further comprising attaching the active surface of
the at least one semiconductor die directly to the first surface of the interposer substrate

by an adhesive element disposed on the first surface of the interposer substrate.

25
3. The method of claim 1, wherein disposing comprises abutting the active
surface of the at least one semiconductor die with the first surface of the interposer
substrate.
30 4. The method of claim 1, further comprising aligning each of the

conductive bumps protruding from the at least one semiconductor die with one of the



CLAIMS What is claimed is: 17 March 2006 1. A method of assembling a flip chip semiconductor
device assembly, the 5 method comprising: providing at least one semiconductor die having an active
surface and a back surface, the active surface having a plurality of conductive bumps protruding
transversely therefrom; providing an interposer substrate having a first surface and a second surface,
the first 10 surface having a plurality of recesses therein, each extending to expose K %‘f%z%étion
of an elongated, laterally extending conductive element'%?fd configured for receiving one respective

conductive bumpRiine RIpralitysel sORtEHVE JPURRSNANEREBIEPNR pbisastendisemicerreuctor die
with the active surface facing the first surface 15 of the interposer substrate and disposing each of the

plurality of condGe6het LAY ObTREF BReRstRSPSSHV A the active surface of the at least one
semiconductor die into a recess of the plurality of recesses of the interposer substrate so that each of
the plurality of conductive bumps is substantially completely received within each of the plurality of

recesses in the interposer 20 SRS OESEER &1y e $HPRREIEG TrCIiRPLSH Y @S prising
attaching the actp¢mprdace ohithe atHeAsheprisaRicIRELEIRE disdiserilyatal thenfitsirsari@ce of the

interposer substrate by an adhesjve element disposed on the first surface of the interposer. substrate.
25 3. The methoﬂ%?t&fmﬁﬁwme ydfsb%gmaa&%&fﬁnggg%{ﬁ%ﬁ@ HERE AP SINEe BFIHE-at least

one semiconductor die with the first surface of the interposer substrate. 30 4. The method of claim 1,
further comprising aligning each of the cond QtiV? bumps protrugjng from the at least one

semiconductor die with®ne of th& TFRASrEhHH5 LY RIPREY ‘A P B BLCLROITE S RRYFRET the
conductive bumpsisppesitionethdirBehYudMery of recesses collectively in at least one of a centrally

10  aligned row configuration, a peripheral configuration and an I-shaped configuration.

7. The method of claim 1, wherein disposing each of the plurality of
conductive bumps comprises positioning the plurality of conductive bumps in the
plurality of recesses, respectively, so that a surface of each of the plurality of conductive

15  bumps directly contacts the at least a portion of the elongated, laterally extending

conductive element of each of the plurality of recesses, respectively.

8. The method of claim 1, further comprising bonding each of the plurality
of conductive bumps to the at least a portion of the elongated, laterally extending

20  conductive element.

9. The method of claim 8, wherein bonding comprises bonding by at least

one of reflowing, curing, ultrasonic bonding and thermal compression bonding.

25 10. The method of claim 1, further comprising disposing a non-solid
conductive material on each of the plurality of conductive bumps prior to disposing each

of the plurality of conductive bumps in each of the plurality of recesses, respectively.

11. The method of claim 10, further comprising bonding each of the plurality
30  of conductive bumps having the non-solid conductive material thereon to the at least a
portion of each of the plurality of conductive elements through the non-solid conductive

material.



each of the plurality of recesses, respectively. 5. The method of claim 1, wherein providing the
interposer substrate 5 comprises forming each of the plurality of recesses to be sized and configured
to substantially completely receive each of the conductive bumps, respectively, therein. 6. The method
of claim 1, wherein providing the interposer substrate comprises forming the plurality of recesses
collectively in at least one of a centrally 10 aligned row configuration, a peripheral ¢ f%ﬁf&ﬁ&?%d an
I-shaped configuration. 7. The method of claim 1, wherém'disposing each of the plurality of conductive
bumps comprises positioning the plurality of conductive bumps in the plurality of recesses,
respectively, so that a surface of each of the I.uralit}é of conductive 15 bumps directly contacts the at

least a portion of the eldAgated MaRTHIRA ke CHRPER RSB A BPERO tUrality of

recesses, respecivalctBehadnathedehalaime bidwtheneesapsising bonding each of the plurality of
conductive bumps to the at least a portion of the elongated, laterally extending 20 conductive element.
9. The method of claim 8, wherein bonding comprises bonding by at least one of reflowing, curing,

ultrasonic bgnding and thermafgompessigrthandingwiedia. diip methedmhclain dodutidiere
comprising disposing a non-saolid conductive material on each of the plurality of conductive bumps

prior to disposing8%EH! SPERFSisrality of conductive bumps in each of the plurality of recesses,
respectively. It. Paeviaathadehelnimvid fystherconpesingsasdingoaathof Epoptuirality a3@ém
conductive bumps having éhsﬁ)ﬂon-soli conductive material thereon to the at least a portion of each of
the plurality of conducti%&BfhiE {gxrﬂ?oﬁﬁﬁsfﬁ% non-solid conductive material. -30 17 March 2006 12.

The method of claisibnfbisthier emoprisiaoieispasigea nantsatidoaadimetpaienaistigdneach of the
plurality of recesses. 5 13. The eth.odﬁ%glclaim 12, wherein disp singﬁthe non-solid conductive

material cotprises: proXiding Y LeeRti ﬁ?&‘g‘bgﬁt%p&‘flrﬁb‘&t SCHTEFEAPSugh corresponding to a

pattern of the pluysalityiog rRe@ssesilid conductive material over the stencil and into the plurality of

recesses with a spread member.

14. The method of claim 12, further comprising inserting each of the
15  conductive bumps in a recess of the plurality of recesses in contact with the non-solid

conductive material therein.

15. The method of claim 14, further comprising bonding each of the plurality
of conductive bumps inserted in each of the plurality of recesses to the at least a portion
20  of each of the elongated, laterally extending conductive elements using the non-solid

conductive material.

16. The method of claim 1, wherein providing the interposer substrate
comprises providing the interposer substrate with at least one opening in the second
25  surface thereof and placing and configuring the at least one opening to communicate

with at least one recess of the plurality of recesses.

17. The method of claim 16, further comprising introducing dielectric filler
material through the at least one opening into a space adjacent the one respective

30  conductive bump disposed within each of the at least one recess.



positioning the stencil over the interposer substrate so that the pattern of apertures 10 corresponds
with the pattern of the plurality of recesses; and spreading the non-solid conductive material over the
stencil and into the plurality of recesses with a spread member. 14. The method of claim 12, further
comprising inserting each of the 15 conductive bumps in a recess of the plurality of recesses in contact
with the non-solid conductive material therein. 15. The method of claim 14, further (:]Jn]\\ﬁ?%ﬁﬁa%nding
each of the plurality of conductive bumps inserted in each of the plurality of recesses to the at least a

portion 20 of each of thegelongateehdatersalycaxtandingirandispiie lamenisdusingdienemigelid
conductive material. 16. The method of claim 1, wherein providing the interposer substrate comprises

providing the int&BESE! RIB&SAREHAGIAsE AL B SOREh AP RIEALLY 05 g s Rt eof and

placing and configyginRedhe it islasiiane PRLBIBE IO communicate with at least one recess of the
plurality of recesses. 17. The method of claim 16, further comprising introducing dielectric filler

material through the at least one opening into a space adjacent the one respective 30 conductive

bump disposed within egch ofthe aklaasioPreiRCESShdréil prehi 2006 148t Dhe spelidesdataaim 1,
further comprisir&% introducing dielectric filler material into a space adjacent at least some cﬂ‘ the

plurality of condefiv&"BRES PERYHIBEE AR IR o1 18R A8aEE a5 ofbthe hack SHBH G P YAt

wherein providingihevat leasicongusainiienductor die comprises providing a layer of encapsulation
material on the back surface of the at least one semiconductor die. 20. The method of claim 19,
wherein providing the layer of the encapsulation 10 material is effected by at least one of spin-coating
and glob-top covering. 20. Therneattwdsbalotiaimnd ofurthesiapnpiiging it lRgst pArialyicaneanssiating

the at least one semiconductor die by djspensing encapsulation material about.a periphery of the at
least one sEmicdRYSERN HF S‘ffsﬂagﬂbLﬁ i85 é?ﬂg‘%ﬂ&ﬂﬁ:ﬁ@g‘%éehiﬁ’?iﬁ?(‘.{elﬂggplurality of recesses.

21.  The method of claim 19, further comprising at least partially
encapsulating the at least one semiconductor die by dispensing encapsulation material
about a periphery of the at least one semiconductor die after disposition of the

15  conductive bumps into the plurality of recesses.

22. The method of claim 1, further comprising at least partially encapsulating
the at least one semiconductor die by dispensing encapsulation material about a
periphery of the at least one semiconductor die after disposition of the conductive bumps

20  into the plurality of recesses.

23. The method of claim 22, wherein the at least partially encapsulating the at
least one semiconductor die comprises leaving the back surface of the at least one
semiconductor die exposed.

25

24, The method of claim 22, wherein at least partially encapsulating the at

least one semiconductor die comprises encapsulating the back surface and a periphery of

the at least one semiconductor die.

30 25. The method of claim 24, wherein encapsulating the back surface and the
periphery of the at least one semiconductor die is effected by glob-top coating, transfer

molding or pot molding.



22. The method of claim 1, further comprising at least partially encapsulating the at least one
semiconductor die by dispensing encapsulation material about a periphery of the at least one
semiconductor die after disposition of the conductive bumps 20 into the plurality of recesses. 23. The
method of claim 22, wherein the at least partially encapsulating the at least one semiconductor die
comprises leaving the back surface of the at least one semiconductor die exposed. bEMarch7006
method of claim 22, wherein at least partially encapsulaﬁﬂg the at least one semiconductor die
comprises encapsulating the back surface and a periphery of the at least one semiconductor die. 30

25. The method of claim 24, wherein encapsulating the back surface and the periphery of the at least
one semiconductor die ?é'eﬁetﬁé&%gogl%%’ﬁl%%‘%ﬁ? AR BRI Olop atATBIaRE 2829 fnarch

2006 26. A methagfat JIFrACRING HANREF RS BhwHB St iate MRyt Riag R aBasHY prowitage of a
semiconductor die having a plurality of conductive bumps protruding transversely therefrom, the

method compristi S BN dgei S et RTINS rface and a second surface, the substrate
including a slielggiadayes ansh@apdaliyeof Blongatack iate b exdanding cordubtiatesiememig on the

dielectric layer adjacent the second surface; and f.orminq a plurality of recesses in the first surface of

the substrate and throutyHIfes tHfela¥sFAnd Jar 1AM el onstigh treralbisaiiedherBushsse at least

a portion to of each of HenpRuredbiyieé elergaiet yatemiy-axiapding tondeaivarlements adjacent the

second surface, respectively, and of a size and configuratjon to. receive the plyrality of conductive
bumps of the se#f%’ﬁm&l?r&ét%8 FREEaSEEHD SReHL ﬁ‘ﬁ?é)fé%%‘tl%%(fé%ﬂa. gl fantially

completely received withiglethecpliyaliy Dlispeeasoaghaspeitivelyiclbydy (ol Higpoetiracaef £isdni o,
wherein forming the plur?lit of %e esTes comprjses for, ing tt]e Qluragt}{ of regesses 0a despth so that
h of the plurality , laterally extendi

a surface of%hach of thet €4¢ of elongated g conductive element
adjacent the second surface, respectively, and of a size and configuration to
receive the plurality of conductive bumps of the semiconductor die so that each
of the plurality of conductive bumps is substantially completely received within
the plurality of recesses, respectively.

15
27. The method of claim 26, wherein forming the plurality of recesses

comprises forming the plurality of recesses to a depth so that a surface of each of the
plurality of conductive bumps will contact at least a portion of each of the elongated,
laterally extending conductive elements with the active surface of the semiconductor die

20  abutting the first surface of the substrate.

28. The method of claim 26, further comprising forming at least one opening
in the second surface of the substrate in communication with at least one recess of the
plurality.

25

29. The method of claim 26, wherein providing the substrate comprises

forming the plurality of each of the elongated, laterally extending conductive elements

by at least one of printing conductive ink and etching a conductive layer.

30 30. The method of claim 26, wherein providing the substrate comprises

disposing a solder mask over the plurality of each of the elongated, laterally extending



plurality of conductive bumps will contact at least a portion of each of the elongated, laterally
extending conductive elements with the active surface of the semiconductor die 20 abutting the first
surface of the substrate. 28. The method of claim 26, further comprising forming at least one opening
in the second surface of the substrate in communication with at least one recess of the plurality. 25
29. The method of claim 26, wherein providing the substrate comprises forming the]ﬂl f\? 3f3/%ch of
the elongated, laterally extending conductive elements 'B?/'at least one of printing conductive ink and
etching a conducliyi@ayeE. chehrisTinen patbad afveia Polfo v RErGn RueMiEner tha suhisicair semprises
disposing a solder mask over the plurality of each of the elongated, laterally extending 17 March 2006
-33- conductive E%Sts in a pattern leaving portions of the plurality of conductive elements exposed.
31. The method of claim 26, wherein providing comprises providing the 5 dielectric layer as a flexible
polymer material. 32. The method of claim 26, wherein providing comprises providing the substrate to

include at least one of BT, FRAMSMAERS! ereiighaifiashsiP BEIY ER&COrBPESeTR Wikito it claim

26, wherein formingetha dlbyatity affreaesspslyearnpiigesatollectively configuring the recesses in a
centrally aligned row in the substrate to correspond with a conductive bump configuration on the

semiconductor die. 34. The method of claim 26, wherein forming the plurality of recesses 15
comprises collectively gmfigunmg theHesesses X6 peHpiha areoidiige taligiivedheo sdbsiraie to

correspond with a conductive I‘béﬂnp onfiguration on the semiconductor die. 35. The methaod of claim
26, wherein forming HEe SRS 8@{58%%3‘8’53 rFs%Az]@gﬂé‘@leﬁg%g?mb‘lﬂ%@"&geﬂ%&gs in an
I-shaped configuration in the 20 substrate to correspond with a bump configuration on the
semiconductor die. 36. 'Bwe method OJ}C| im 26, wherejn forming the plurality of recesses comprises
forming the Bluraly of robessd byPANGLE SHAIb A MIAE SR G BERE RILEARH A GRITRY,
mechanical punchingrard dasiet@atiotnfiguring the recesses in a centrally aligned row in the substrate

to correspond with a conductive bump configuration on the semiconductor die.

34, The method of claim 26, wherein forming the plurality of recesses
15  comprises collectively configuring the recesses in a peripheral configuration in the

substrate to correspond with a conductive bump configuration on the semiconductor die.

35. The method of claim 26, wherein forming the plurality of recesses
comprises collectively configuring the recesses in an I-shaped configuration in the

20  substrate to correspond with a bump configuration on the semiconductor die.

36. The method of claim 26, wherein forming the plurality of recesses
comprises forming the plurality of recesses by at least one of a wet etch, dry etch,

mechanical drilling, mechanical punching and laser ablation.

25
37. The method of claim 26, wherein forming the plurality of recesses
comprises patterning the plurality of recesses, each substantially with a peripheral shape
including at least one of a square, rectangle, circle and oval.
30 38. The method of claim 26, wherein forming the plurality of recesses

comprises forming at least one sloped side wall in each of the plurality of recesses.



25 37. The method of claim 26, wherein forming the plurality of recesses comprises patterning the
plurality of recesses, each substantially with a peripheral shape including at least one of a square,
rectangle, circle and oval. 30 38. The method of claim 26, wherein forming the plurality of recesses
comprises forming at least one sloped side wall in each of the plurality of recesses. 17 March 2006
-34- 39. The method of claim 26, wherein forming the plurality of recesses compriseé%%ﬂb%ast
one side wall in each of the plurality of recesses to be Stbstantially normal with the first surface of the

substrate. 5 40. A methogl of apsembiig afftRichiPeSARisONAVEiRh deNics @eseyiTYedBRenethod
comprising: providing a wafer havinq an active surface and a back surface and including a plurality of

unsingulated sefffCINHGSHH TS YrraskPanmide sl dd At tsddwrtiy obRseefts hidRSg conductive

bumps protrudingtaasyensaiviremviie aetivedgueaseiierawdingea wafer scale interposer substrate
having a first surface and a second surface, the wafer scale interposer substrate including a plurality

of unsingulated interposer substrates, each having elongated, laterally extending conductive

elements thgreon adjacent theasprans frisaensiach LNFngupaied ivseanessdtbistibsisalBly, the
dimensioned and located to correspond with one of the plurality of semiconductor dice of the wafer,

each of the plurdfi SIS HREARESE S ubstrates having a plurality of recesses extending thereinto from

tf;e first su rfage &ﬁ@iiﬂﬁ@ea ?a@ﬁ?hﬁiﬂ@?ﬁitﬁff@&ﬁﬁﬁ%@@%ﬁ@&?ﬂftﬂ@d@@ﬂ@’iﬁéﬁf ﬁnd'g;g ;ﬂaf:;cn;]y‘tivef
elements; and 20 placing the wafer with the active surface thereof facing the first surfac the wafer
scale interposer su%strz?lfguﬁﬂt'ﬁﬁ@ﬁﬁ SgtreRdy S esnafdeast ?J‘?B?eeiﬁegﬁﬁﬂ?ﬂgﬁtto A (he
unsingulated interposepsuhitiakasiapddispasied eaph ploiedtonaustive sélympmanetadding
transversely from the active surface into a recess of the plurality of recesses of the interposer
substrates ’\é% that the cBhHi5Etive bumps are 25 substantially completely received within the plurality of
recesses in the ipievfdigra wafer scale interposer substrate having a first surface and a second surface,

the wafer scale interposer substrate including a plurality of unsingulated
interposer substrates, each having elongated, laterally extending conductive
elements thereon adjacent the second surface, each unsingulated interposer

15 substrate dimensioned and located to correspond with one of the plurality of
semiconductor dice of the wafer, each of the plurality of interposer substrates
having a plurality of recesses extending thereinto from the first surface to expose
at least a portion of one of the elongated, laterally extending conductive elements;
and

20  placing the wafer with the active surface thereof facing the first surface of the wafer
scale interposer substrate and the unsingulated semiconductor dice in alignment
with the unsingulated interposer substrates and disposing each of the conductive
bumps protruding transversely from the active surface into a recess of the
plurality of recesses of the interposer substrates so that the conductive bumps are

25 substantially completely received within the plurality of recesses in the interposer

substrates, respectively.

41. The method of claim 40, further comprising attaching the active surface
of the wafer directly to the first surface of the wafer scale interposer substrate by at least
30  one adhesive element disposed on the first surface at a location of each of the plurality of

interposer substrates.



substrates, respectively. 41. The method of claim 40, further comprising attaching the active surface
of the wafer directly to the first surface of the wafer scale interposer substrate by at least 30 one
adhesive element disposed on the first surface at a location of each of the plurality of interposer
substrates. 17 March 2006 -35- 42. The method of claim 40, wherein disposing comprises abutting the
active surface of the wafer with the first surface of the wafer scale interposer substr & MagelQ06
method of claim 40, further comprising aligning each ofthe 5 conductive bumps protruding from the at

least some semiconductor dicenithdiedripeiv abrearssrsahthat cashmfdesenmisclivebinaps is

positioned directly gver one of the plurality of recesses, respectively. 44. The method of claim 40,
wherein providing tHs svitheseafstinihidsdist suetiss i cormisrised s dpIRG YHe Phakaiity of recesses

to be sized and configured to substantially completely receive the conductive bumps therein,
respectively. 45. The method of claim 40, wherein 5roviding the wafer scale interposer substrate

comprises forming the Plurality Bf RO chigt Ve i eampr e d SRl i dice in at least

one of a cergrallyalignedd Buhgeyhigunadian.feopeliehenahscosiig ueahirondandrshap@digonfiguration.
46. The method of claim 40, wherein disposing comprises %osi ioning.the conductive humps of the at

least some semiPBHALNSE HEES AR Tt sasBOLMREBIRAIT SHBPRI RREHISS LSty AL S Fat a

surface of each of the gRdugtberhiemnps eispetiivegntacts an elongated, laterally extending conductive
element. 47. The method of claim 40, further comprising bonding each of the conductive bumps to the
elongated, laterally extending conductive element. 25 48. The method of claim 47, wherein bonding

comprises bonding by auleastTaaenefh&fl opdngncavingherirapesicdiondisgvarid {bgemakessngression
bonding. 43 The method of claim A%O, furth?}r cqbr%%{(jsin dis osing% ﬁenon- olia gto onductive material
|

on the condfctivd® HFRISCBRBY RS HISHUENSS th & EoHEN AVEBEHFH LIRS SECPIR fEEEEL es.

substantially completely receive the conductive bumps therein, respectively.

45. The method of claim 40, wherein providing the wafer scale interposer
substrate comprises forming the plurality of recesses collectively in each of the
15  semiconductor dice in at least one of a centrally aligned row configuration, a peripheral

configuration and an I-shaped configuration.

46. The method of claim 40, wherein disposing comprises positioning the
conductive bumps of the at least some semiconductor dice in the recesses of the plurality
20  of an interposer substrate so that a surface of each of the conductive bumps directly

contacts an elongated, laterally extending conductive element.

47.  The method of claim 40, further comprising bonding each of the
conductive bumps to the elongated, laterally extending conductive element.
25
48. The method of claim 47, wherein bonding comprises bonding by at least

one of reflowing, curing, ultrasonic bonding and thermal compression bonding.

49.  The method of claim 40, further comprising disposing a non-solid
30  conductive material on the conductive bumps prior to disposing the conductive bumps in

the plurality of recesses.



17 March 2006 -36- 50. The method of claim 49, further comprising bonding each of the conductive
bumps having the non-solid conductive material thereon to each of the elongated, laterally extending
conductive elements, respectively, using the non-solid material. 5 51. The method of claim 40, further
comprising disposing a non-solid conductive material in each of the plurality of recesses. 52. The
method of claim 51, wherein disposing the non-solid conductive 10 material compriégyﬁﬁli‘/i%q)rqs a
stencil having a pattern of apertures therethrough corre?&dnding to a pattern of the plurality of

recesses of the unsingylated imgyprsesSubstiatesOirthgayatenpsiale tsIpaseisubStiate; positioning
the stencil over the wafer scale interposer substrate so that the pattern of 15 apertures corresponds

with the pattern SPRUGHUTAHBT Paciusthe nopyselidsomdirtive Autedalitheradershdiial over the
stencil and into thie piaralitaekaaceseaginitioh GRiead dRaBRST 1SpeliheMaibiag afchaimssitd further

comprising inserting each of the 20 conductive bumps in a recess of the plurality of recesses in contact
with the non-soliB¥Giuctive material therein. 54. The method of claim 53, further comprising bonding
each of the £onductive bumps inserted in the recesses to each of the elongated, laterally extending 25
conductive elements, respectively, usi']rﬁ the non-solid conductive material. 55. The methé)d of claim

40, wherein providing thé-waferScRfAtPh 6N SlnUrier COMPHYAS FRRANMG SRkt scale

interposer substiedwithy ahlaast0ne capesmeeiplthelfisséStedagedhereof at a location of each
interposer substrate and placing 30 and configuring the at least one opening to communicate with at

least one recess of the plurality of recesses. 17 March 2006 -37- 56. The method of claim 55, further
comprising introducing sikelectmgdii@thod of claim 51, wherein disposing the non-solid conductive

10 material comprises:
providing a stencil having a pattern of apertures therethrough corresponding to a pattern
of the plurality of recesses of the unsingulated interposer substrates of the wafer
scale interposer substrate;
positioning the stencil over the wafer scale interposer substrate so that the pattern of
15 apertures corresponds with the pattern of the plurality of recesses; and
spreading the non-solid conductive material over the stencil and into the plurality of

recesses with a spread member.

53.  The method of claim 51, further comprising inserting each of the
20  conductive bumps in a recess of the plurality of recesses in contact with the non-solid

conductive material therein.

54.  The method of claim 53, further comprising bonding each of the
conductive bumps inserted in the recesses to each of the elongated, laterally extending

25  conductive elements, respectively, using the non-solid conductive material.

55.  The method of claim 40, wherein providing the wafer scale interposer
substrate comprises providing the wafer scale interposer substrate with at least one
opening in the first surface thereof at a location of each interposer substrate and placing

30  and configuring the at least one opening to communicate with at least one recess of the

plurality of recesses.



material through the at least one opening into a space adjacent the conductive bumps in the at least
one recess. 5 57. The method of claim 40, further comprising introducing dielectric filler material into a
space adjacent at least some of the conductive bumps disposed in the plurality of recesses. 58. The
method of claim 40, wherein providing the wafer comprises 10 providing a layer of encapsulation
material on the back surface thereof. 59. The method of claim 58, wherein providinglt%é/%%rzgpﬁw
encapsulation material is effected by at least one of spTﬁYCoating and glob-top covering. 15 60. The

method of claim 57, furiier comprisitgslicneldng vafeirard dbepyater seajediiarpegessidasiate into
singulated semiconductor device assemblies, each of . the singulated semiconductor. device

assemblies comPheHE dhressh e drart ORa CRDHNGAE P HiE AdiRr S BafieBAriyG PURRSSBcured
to at least one inflespeReKcURsStRIgOT the plurality of interposer substrates. 20 61. The method of
claim 60, further comprising at least partially encapsulating the singulated semiconductor device
assemblies by dispensing encapsulation material about a periphery of the at least one semiconductor

die of each sf the singuigted serdieandueion daviceoassenebliempihifg.idirednetizadpctaimidl, further
comprising dicing the wafer disposed to the wafer scale interposer substrate into singulated
semiconductor dBHEEHJBIMINIRASE HHARSBE #heLih iRl BsriRtsSHfo P HBRA Sé’§§8¢{:1‘ﬂlft5§

comprising at leggtney semieasductor die of the plurality of semiconductor dice secured to at least
one 30 interposer substrate of the plurality of interposer substrates. 17 March 2006 -38- 63. The
method of claim 62, further comprising at least partially encapsulating the singulated semiconductor

device assemblies by digpensing eedapsufatiamnmatenzkaagthaipadpheryoétbenapigast one

semicondu%or die of each of the singulat d.semicondilctor d%vi e assemblies.
providing a layer of enCapsulation material on the back surface thereof.

59.  The method of claim 58, wherein providing the layer of the encapsulation

material is effected by at least one of spin-coating and glob-top covering.

15 60.  The method of claim 57, further comprising dicing the wafer and the
wafer scale interposer substrate into singulated semiconductor device assemblies, each of
the singulated semiconductor device assemblies comprising at least one semiconductor
die of the plurality of semiconductor dice secured to at least one interposer substrate of
the plurality of interposer substrates.

20

61. The method of claim 60, further comprising at least partially
encapsulating the singulated semiconductor device assemblies by dispensing
encapsulation material about a periphery of the at least one semiconductor die of each of
the singulated semiconductor device assemblies.

25

62. The method of claim 40, further comprising dicing the wafer disposed to
the wafer scale interposer substrate into singulated semiconductor device assemblies,
each of the singulated semiconductor device assemblies comprising at least one
semiconductor die of the plurality of semiconductor dice secured to at least one

30 interposer substrate of the plurality of interposer substrates.



64. The method of claim 63, wherein the at least partially encapsulating the singulated semiconductor
device assemblies comprises leaving the back surface of the at least one semiconductor die exposed.

17 March 2006
-38-

63. The method of claim 62, further comprising at least partially
encapsulating the singulated semiconductor device assemblies by dispensing
encapsulation material about a periphery of the at least one semiconductor die of each of

the singulated semiconductor device assemblies.

64. The method of claim 63, wherein the at least partially encapsulating the
singulated semiconductor device assemblies comprises leaving the back surface of the at

least one semiconductor die exposed.



