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%ﬁt%\ ent generally includes electrically and mechanically attaching a

semiconductor die by its active surface to an interposer or other carrier

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

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



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

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

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



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

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

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

available, widely practiced semiconductor device fabrication techniques and materials.



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

mechanical and eBRIBFAS (RVIARHIRNOOh EHREICURRETNS between a
semiconductor die and a carrier substrate in the form of an interposer,
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or conﬂglqammm&mlampeq sé¢pnentlusedde. flack mcsemicomdiretosstiettomsmeny include,
for example, a single or double row center bond pad configuration, an I-shaped bond pad
configuration and a peripheral bond pad configuration.

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

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

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



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

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



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

substrate facing the 5 semiconductor die may be used in some

embodiments as a height controller and may also help compensate for

any irregularities in the coplanarity between the semiconductor die and the

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

present invention may also be configured with one or more openings
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center redion thereof and caused to flow lérf 1fo the 1E¢ sses throu %‘e n%out% thereof, even
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the semiconductor die for forming solder bumps on the conductive elements of the interposer
substrate, as noted below, may also be employed as a dam to prevent flow of underfill material
through openings extending through the dielectric layer of the interposer substrate. This aspect of
the present invention substantially enhances underfill integrity while decreasing process time.
[0018] The flip chip semiconductor device assembly of the present invention may also
include solder balls or other discrete external conductive elements attached to the terminals or

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

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



conductive traces extending from the terminals over the surface of the
interposer substrate facing away from the semiconductor die. The
discrete external conductive elements are employed to 6 interconnect the
semiconductor device assembly with higher-level packaging, such as a
carrier substrate, for example, in the form of a printed circuit board. The
semiconductor die of the flip chip semiconductor device assembly may be
fully or partially encapsulated by a dielectric encapsulation material or
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Semicc%raggso]forer\ﬁlé:a %%?ee ]8 1Ier'lsg (0] (éa %n uctive Vaye carrie 6%/
level adibteatfwrt iliesiordyyfpnibting itaedsmoo indvidxab ke dietadiriconendnelies.
“ﬁiﬁ‘?z] The interposer substrate may be fabricated from a flexible material including a
flexible dielectric member, a conductive member, an adhesive on the flexible dielectric member and
a solder mask over the conductive member. The flexible dielectric member may comprise a
polyimide layer which overlies the solder mask with the conductive member therebetween. The
conductive member comprises a pattern of conductive traces formed by etching of a conductive layer
carried by the flexible dielectric member or by printing traces on the flexible dielectric member using
conductive ink. Trace ends may be enlarged at the intended locations of the recesses to define pads

for the terminals, and the traces may extend therefrom to enlarged bump pads sized and placed for

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



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

recess¢h @3 0e{eEB AU G e HRIR IOt EonEERTE A andae e Lipgosite the

condu@OfiQUnaski® yeeaiMe aneanaducl e inumer phitegiseroiqandustan siewh&@in each of
flexible dielectric member may also optionally include another patterned

the recesiaRETR ale? HHEPSLH BUAFINUUNTACEGE tHE HoXitSi YIEIEHEHEhipareeive 2

condué@iaeariticosendicomeisiarctie didreTnéeposes slensitiateniniber pragemio optionally
) invention may also be formed of other interposer substrate materjals such
includg,anothey pAUFIn ARG ERRETEAMANES tgﬁ&“&@ﬁr?ﬁ&‘%e. égﬁ plectric member

to faceAROBRY @sjaactopiibeNesRfpe Niirathoffiie phigeseimieancisior dayitsformed
assembly is mounted to a circyit board in a uter or mputer )
of ot TR ER L THE A BUHET S LT R ere ok B et gamics.
tpoa33pcessaodryiaspediich tlepidcallyicamivunitatespidtip asnilgitiductor device
evice and an output, device, [0024£Other features and advantages of the
assem R NSO O U8 SRAPER 6 BB GP R 13 e CRPSURTvstem.
the cirautosidesatinohliye aisuiagoepesiptiant divecactah pRoyiog L ramingscates with
. and the appended claims. BRIEF DESCRIPTION OF THE SEVERAL
an mp%%ﬁ?@‘%&ﬁ%@ﬁi\?\ﬁﬁﬁs [0025] While the specification concludes
Wb 2dhinGparticiahastyapoiniing agt aotlthdi piiaeily clatmiog Wit bebéeheispparent to

d th ti tion, th t f this i ti .
oo S R SR R S S SHASIRTER Dfens

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

o S AR SR RIS S Fo
distindiDOA]rkil(g .tRaisvisiniplieddetbssisepticnal isidativaywtiakémalofg ifhi3-Bvention
may bénachle(IEthlln;ed from the following description of the invention when read in conjunction with
the accompanying drawings, wherein:

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

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

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

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

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

therein according to the present invention;



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

108 ke 51650t mBABE B AURHIRG 'R Bsieh RREF diadracactiodiotdorming

recess@HBEEIPRSR GBS & predeflinsRiRisaMiconductor device assembly
accordinc%to the present inventign; [0034] FIGS. 8A - 8D illustrate a third

HURBH oFIiSuftrighE UbHRREGP e AR 46 SPiFRRsg i face down

to an ifteRRIEateubk @abRCHRPYAD G5B iGoNduaiat Geise-aasambly acepddipehi®e present
. the present invention; [0035] FIGS. 9A - 9B illustrate a variant of the third
mventipithod of mounting a semiconductor die face down to an interposer

sesBaterIGa fia chip semvices ductondeaviasassendabtiascoeinadeidber die face
resent invention; [0036] FIG, 10 illustrates dispensing filler material
down {34, JHIRCSPetHhy il it tE PSR SOHSAUCIRTIRCEH SRRlicaridips o the
presenéigmiegiagsembly according to the present invention to fill recesses
therein; [0037] FIG. 11 illustrates encapsulating a semiconductor die in a

kB0 sklfiitatiindior At AREE MBK ARG A4 HIRG tHB!SRE Bisigr die face down

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

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

inc033ing FIGs a9 Nansfen@lemeny ateising thithenpliesEstnidvani@a semiconductor
0039] FIG. 13 is a simplified top view qf a secon embgodi,ment of an

o ) :
die facGPBA P BEHPRtE" ARG SbRUeS RSP aade pggyessembly according to

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

ind 1o als BTV RE I SRR A e eRGRIPaB g g terposer

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

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

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

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

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

according to the present invention;



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

04 ikiffel s strahih sioste toimabide Lnikenalong ibrding tdn FIG- 13,

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

InterpOSeE SYRBINA St 18 rBMHRF IR BY Qilf¥trate via solder balls, according

tpothe | present e vendians Q04dhiciadddds aisimplified RRevi@wafta Wirthterposer
embodiment of an interposer substrate having a channel and recesses

substrgjge plirthi, SEeiMterPRASEBHHGY 4P £0HTIRTg EHse RN laH B TsHmbly and
dispentdR4 5] 1B Gnat&ilg ensdplifiedpeass seeHonaksideeyiawsiakenatangltisges therein,
19-19 in FIG. 18, illustrating fingers and recesses in an interposer

accordina e Prese Y ¥ he present invention: [0046] FIG. 20 is a
sjovaliijedremsisr seeiianal sidepvigwitakear aloaglioe20e2a il Ghip8ype assembly
illustrating the channel aqijﬁlcent a recess in the interpaser substrate,

and the s PirdRs diec BreRaE RRALIBR TB0#77 #tsb PE fudtrsqilsrpalls. abcording tothe

presenS@iégaoductor die mounted face down to an interposer substrate of the
third imbodimen,t ina fligéghi -type semiconductor assembly, according to
A%f

95t s&iPin\eltoH ferar'9% s tPAE s e B RE L (b URROSF i bstrate
havingniesioesel subsvaieal mérird ienmbedistgnidnobfieetvoa SRovEIREUEte present
) die in a flip chip-type assembly and depicts dispensing filler material
nventilisugh an end of the channel formed in the interposer substrate to fill

reeeEsies khere s aceasting tedhespresentsiayentinnkiQdd) Hige PB19 in FIG. 18,
Thuste iIlustfates. e%%?gésulatin&ﬁl s,emicondu@r diein a flﬂ) chip-tgpe asselzmte)ll%ion;

U {HIESH O PR ET SR BIABEESF SsHtBr SrECRB A SRbHR

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

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

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

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

according to the present invention;

10



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

method of assembling the flip chip-type semiconductor assembly

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

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

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

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

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

HAORY rebldSestherdth HUHASHRB R Eotstraias bl thifyiegnemiconductor
assemBIRERRBFANUERIIAB pIOHE ] Tiati 8P At W sinate feAesivmtibad to5e Ve afdtrates a wafer

.. secaond alternatjve interposer substrate having recesses therein in a )
positiqned ce Ao WBREGH ARSI PRI £ TR TRSSEM BRAR RO HqBERs8 ipfsention; and

FIG. 228 illustratesnnderdillingoasd Rocapsulasing anfipehipstiaaemiconductor
device assembl havingthe second alternative interposer substrate

dOOH, aELGrdin st RelmRb g ARt sul ] Qmal s Gifpsgsubstrate

havingol@@kdingeaeh oh thelfipphin-tyipe senveonduainicasSeenbiycaf hepiesent
invention inte%rated in a computer system; and [00554 FIG. 29 depicts an

A99°3A chitSimp itiEraistid AIOPHE D rR SR Entorrd diig™atio ser substrate
havingdiglegisiaiidlermatesial place soankddA k&b &S RPNt @fvehlibn;
INVENTION [0056] Embodiments of the present invention will be

oA hid GesbAbetrih Rieianes B RReaREtHBaying dhawimgs cppiconductor

deviceWwsidie e Hinder gioeek thatdhase: il sitatjons: 366 snatdddgstakedbasn @E3Wad present
views of any specific apparatus or method of the present invention, but

Inventigs merely exemplary, idealized representations employed to more

cieeshy areiduihg depiahpigipIesesnt dnenieT thafi pugptophemicm i tor assembly
possible. Additignally, elements and features common between the

of the BieRFRh P HERTEY P & B AR S RIEMH &8 nation. [0057] FIGS. 1
sz respectivelypdapiat psicaplifiedipnplanatiew@ftae préespOsREntion using a
substrate 15@ and a l‘%{]ﬁlitUdinal sectional view. The interposer substrate
nonfloy §qleefriG VAR e H Y AHHREY to, a flexible substrate, which may

include a dielectric substrate member 111 and a protective solder mask

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

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

sposel swifacdiblhwbinge pres@asevention will be hereinafter described with reference
to the accompanying drawings. It would be understood that these illustrations are not to be taken as
actual views of any specific apparatus or method of the present invention, but are merely exemplary,
idealized representations employed to more clearly and fully depict the present invention than might
otherwise be possible. Additionally, elements and features common between the drawing figures
retain the same numerical designation.

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

substrate 110.

11



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

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

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

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

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

nonflexible material, such as a ceramic or epoxy resin. [0059] According .
RS brebRMTRIM GO REtEA 4 Qempy e @Iﬁlﬁ%‘m‘@rﬁﬁ Afbpsiatq pyterial and

is prefépiudRsmeultinle) Reessesaipwas flldbienmes tharsin haY (G HALHAS layer, such as
1270m opening thereonto in a preselected pattern and of a predetermined

UPILE, BrsiuisdnRy H108 MROHTBS vekiebs ot Py Rile ROISmeR Oie it Lhe Interposer

substr&ONAUGHNE Padhemiatnbial tigd Abis RRtiam e el.rdhe, ¢eadvRiVRBaises or any
or terminals 122 _are interconnected to other conductive pads 126 on a

type ol bt Wl HRA AR P imRFab P el BS A 45D OTSRRKYCSNductive pads
12039py hesubisiantialyydvastyReton, ecangretiveeadsnsfteisipoaks siBsrate 110

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

includes, il RIGE 5SS 126 Iial HAOPIeClcaT DRSS BratBtet AP fodxtitirgonto in a

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

included st SRS Pt BRGKEH fin @) RSB 1 e ndHfpferissde 4y lgninals 122

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

Such copitibHRiSH 2R RN B B LA P R RS H KB (GEpesnays 122 and

merelyd@pigia dhenoppipiad eaaace hiRdfinneestgliyalgaed sidglevepads 126 may be
configuration in interposer substrate 11#‘.%Suih confjguration g, made. to

placed. g} XaHRy HRACLHILRCth W BUSTPe b EE EBPUIERVing A hpaifys ociated
condualigneds singlentenis hap dn pad eacdiguatieawdiichew bypendaca felthices 124 (shown
. illustrated hereafter. Other preselected patterns, by way of example, may
mn FIGiniéfﬂc%ggﬁrll?ﬁ?gbed recess configuration (FIG. 25) or a peripheral recess

CobgUratiaa fulGpl2 ek chawe e irélerpeeidaid iiverpioer sadytlae adapiagiselected

ter 2Ny, recess onf\%%[é%fti n 5; match with e,[aré%lgéarticular .desirg[:d brgfd gad duct
Pttt AIRGRRABH LG R RSBl PICBRSA SN 7y Wyt Sl conductor
die intanyeguticid esivpe , theiekoa e watenplecialay ulalepieds chie ubaisipled-enayes 120 in a
centra‘ifc?lﬁdee aé?%fq Sl o0, haL the opeTINgS QL NS RS RSRSRES s made
Yy &re Tatger than the bottoms 'tHeresy. -2 gl

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

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

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

12



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

dielectig bstrls traeBael 24 L witieR M ok amisterealh pris ey psarririgly cover the

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

UPI
thereof 50 tlab paPg Jinly e ABLRRLE O XA WP TR et sondughixe RS AEiesmypals 122. As
implie?ﬁf@f/@tﬁé Wlf)ﬁl@@l%@&%ﬂ@ﬁ?}fﬂﬁaﬁ haypdbesielyllansngs ! ﬁﬁbtﬁoﬁﬁﬁr or a copper
ielectric_substrate member. in the form of a conductive sheet, the traces
alloy. fpay, Beafidhess t?%é%?xé’l&%?ﬁm%&“ﬁ&%tetﬁ%e%w V6 LrRet: B B dichiig.or FRS
lamind@OB2{ehbrtheroinéeposensusteatas] Loinaaydaist & cluda@nmopenivart30n some
. shown in broken. lines) formed thereacross, the opening 130 . .
msmnéﬁﬁb&ﬁrﬂ?&ﬁ%&@n‘&ﬁwﬁ‘)’ ‘%Fé“ée|61’ﬁ1§%H?ﬁ%ll%éx?é?ﬂf’%f’?h‘/e%é@ﬁ&%téili‘&ﬁe‘b‘?leeme
substrg&th@laniawisanfiguiatpncohthetveiple, reaasestaibliapsoneaevkBfformed from
interposer substrate 110 to the other. Opening 130 may be formed wholly
the CO‘?HU[ﬁtéV& it OPHF&TBERC substrate member 111, or may, as shown by
tpeobokeruleird. line o sefsrence] Dumae iddolidehitcakmpanaie 1teshoekERn broken
) ead line from reference nu %ral 30 in FIG. 3, be formed in solder mask
lines) e EISIFEES™ P ARRBI B0 e BaHoH e s T e HEdImal extent of the
centralBybbpiaie, mebemlddhapd-priiallyhinmsoldele mrsked 180 asdesieead of interposer

Opening 130 may be formed to align.along any employed recess .. .
st RS MRl o B Rt o oA te et sobseae
membér Gl 12 depigiasshoros srshetiooiad viewl takdroal oefgrine: Zunigrdf 130 In FWS. 2 and the
illustrated, opening 130 inclu ulfi S ents 132, each s n
brokery S R N e PELRREb A0 BT ! course
openiniet@8sesylROfdrundtigrraaldth sedirientit 3daeahanamdxtandsaatbpgrtiadly in solder
js of opening 130 to.a sj ortion qf each of the recesses 120;
b heke A SE L RPeS ot A 18 SUltoHGI e tplosed reces
configopeiningi.230[chipe recpsspkel0 iTarbeseitdbletnansienikon 8xaRiple? depicts a

and as depicted in FIG..1A, openi 30,may comprise a.slot laterall .
cross T R A oS L Bt SLr Blmlile
segmeilth 1130 deshibdgrdealetifieaubdingteweenbepatdtd indilcHutdmeverate KO of the multiple

opening 130. As shown, conductive traces 124 extend across openin .
recess 3]?,Hé.n dlléﬁlfbé, eac% Sepgrllilét as shown ex engs a?ong r&le axis o? oﬂ%mng q30 to a side

mask

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

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

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

O Slr A RHET PR RFTERd o Fie ST 2O A S EpTcien alone

line 3-8Q@NEVGtyEHIEHS %ﬁﬁi%ﬁé&k&éﬂ%@éit&@ﬁgaﬁb&iy%@h@fr&@s§@§¢§§615e into the
120 interconnected through conductive traces 124 with conductive pads

plane qiyge died iicthe SeR SREM S b 9 1P AL IAYEp ASEr KBt framalty than the

recesséRNROYRSHdder, MaFpdnlBe [APAE Fiked sdbanatdInlsQ el pisbamadhesive the lateral
element 116 dls§)osed on the first surface 112 of the interposer substrate

width 9k FeateqsssyidlivEI et 190K 6?8%%%819 %ﬁgwgé‘?{%}ﬁ‘%{ﬁob%&h%? fifstom of

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

CXpos %ﬁ%&ﬁ‘é‘lgﬁvr Afitabid AdReL g?ﬂ%%?fﬂ%sgétﬁr%&\%afﬁ”ﬁ%eﬁ%iﬂ 3
AJOEPOXYFEGSYlicarer Diherdepitableaanibes wrnidie AdhBsivece lamemrltl@rface 112

may comprise, Wt 0 itation, a onlmlde tape adhesive on
of the 1&5‘6%?%?8%%%8%% héﬂ‘f 38%%%% P Qs §Q%‘é’§? BicHidadpion of the

first s\EERStia®e memhareiﬁ&bbmmenedmahsaammmtm sglpasel layer vl of the
dherence onductor die i ired. Such ve element
T b S IR A e A
the artd@ﬁﬁ]ﬁlbeChﬂﬂelmﬁcrﬁ datﬁﬁbla@eroﬁhef@mxaiﬂaaah@ieéemm ddiedivayel®nent 116 may
employe function as acer bet enas miconductoy di
compriEaARSH SUBLUALE o010 BTk e MR B G Saaegs o i the
exposdzhiiifattéaciagreeaptrinsaitieosid adnduetivietbsn pBl;raentgtmetémw1th a protectlve

iamlcond ctor die into recesse 20. [ 065] FIGS. 4 h4C d?é)
release er_untl l’;_ll erenc tO a se CtOI‘ IS required lfél %’ﬁ:Sl}/ ? ment 116 is
ocess't may Q dssd rmlng he TettESes IFs
preferaﬁjlyfaﬁéaﬁﬂﬁooflmtmpQsarrﬁukmﬁ[ﬁﬂﬁﬁ1@mﬁlﬁi:kﬁésﬂ€$ﬂ3t&mﬁﬁﬁmhore detail later
._Supstrate 10 |n dlele tric su?strate member 1%1 havm%
herem,D eswee L r} yed to tion aspacer b tween asemiconductor die
om conduc |ve orm o6 & surface thérés a pro fective

and insopdesrmaskrdtt 8 IOnmpd)ﬂderathﬁmildtmﬂ\bﬁ Iy etbelweerdigl@ctriatrol the degree of

lnsertloub§tr gumterg del#é%lé iS. F q;‘er bIQ/ a erxC{%ICetOrp erla%!j rseuce:h asglf
above descri Xi aminate ymer Material or po imide layer,
bwoesy dEeSnthidhrasib8tankialty rmrpﬂeoabdethmaﬁeaﬁl b&hesbbttomforming the

recess SO EHVE LML IS RARIE A0 P ARRELL X ATORRR! FIEY: B MRY REi8interposer
substrate 110 including a dielectric substrate member 111 having a bottom conductive layer formed
on a surface thereof and a protective solder mask 118 formed over the conductive layer. The
dielectric substrate member 111 is preferably a flexible material, such as the above-described flexible
laminated polymer material or polyimide layer, but may also include a substantially nonflexible
material. The bottom conductive layer is preferably copper, or a copper alloy, but may be any
suitable electrically conductive material. The bottom conductive layer may comprise conductive
traces 124 extending between conductive pads or terminals 122 and conductive pads 126

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

comprise conductive traces 124 extending between conductive pads or

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

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

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

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

method known in the art. Once the conductive traces 124 are patterned, i
alloy cdygioYs LN SbIs REER Y 1B R AT HE TR tH&TeBRE P BB NPTy ng using
conduélBRiGHk digleiscvaubriraiel mambaiyl ki mdthigne pfithéesesered 2@ conductive

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

traces A2 FRAHFIIEL P B &t ThBEREAAIENIRR oM B R Taser

doedsIn, PIGMBMRHIOd Knowih shesaitandabiable feitusgewithiiBaecesses 120
éﬁe of material emplé)%ed for the dielectric substrate member 111. The

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

.bottom of each recess 120 and, for example, at the location of each
use AR PAEFON CRINAH 192 SO UB R R VER o TP 120
preferfBdeemst eheap@olsbai®idietiic: bifiachnsaldbrk theenbigriatbaleciatctive pads or

. being compatible wi th%gond ve material of the ¢ nafluctive traces .
termingl J 22 A ERHRTB T3S S S ALRth ISt ATBRS 16 RS a ! ach conductive
pad origteipaser Zuldgitaiealdéhdid@Ge4haittistraiedéaidag wallsofdhiboreaessesin/lead

120 may include a ¢cqnductive layer 123 formed thereon, for example, b :
solder 5 AR 0 BB 6 Rt oS G T AT A pctive
traces [PRéseidt wivte tiiosu i ibfer nd@sdiavnlie ol SndBdanahigicrpeessedstrate 110.

may be formed with large mouths which taper to a smaller bottom,
FIG. 46 AR g iy A R S HEEE0 AROTRIE LA RENGh0 formed
thereoaddnoatnpie the aett{OR6s/) kG hbAdhowglh pLtdepici@ ppdessisimidatice of the

Eo that .dep'igte?l1 and es?ibed ilhggG 4'Ad -4€LIC of forn]ti%@ recgs es 120 ih1
presemi{THE PG surtace 112 o teroser substiare 116 With e addition o 't 1aree
mouthandtiedr tigyenonasedlica isecond Saoldwgitren fayery 15 RH whffadedh Wsi@g isotropic
etchin 5A.C ch@egeg ngwcr:loplotlhlecgrvte layer 125 is preferably a copper or copper

%\ﬂ%y a%/er, Bu may be any suitable electrically conductive material, and

niegeldE pRieSned witbuih 6Es de@pengirngeon ding lae adthandt pigedrendedidscribed in

f. th icular semiconductor die.to whijch the.interposer substrate

s B e BT e S e
additiexgosetpartiges ofrdidieeticsubstrdtetimeinixar1 23 lavsheven thElfece'sstech second
conduc?tai%g:r aﬁ&%é%#ﬁéﬁé%}gr%bqg (2:1' csolf)%%traorrltcl:%g e?tﬁpoeyqat))/%gl%lm%yt g a{rrll)t/esgggbqe electrically
conductive material, and may be patterned with traces, depending on the needs and requirements of

, with the

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

suitable with the type of material employed for the interposer substrate 110. The recesses 120 are
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of the recess mouths. As shown in FIG. 5C, a recess 120 is then formed
in the exposed portions of dielectric substrate member 111 by a chemical
wet etch or dry etch, mechanical drilling or punching, or laser ablation;
however, the recess 120 may be formed utilizing any method known in the
art and suitable with the type of material employed for the interposer
substrate 110. The recesses 120 are 15 preferably formed to expose
conductive pads or terminals 122 of the conductive traces 124, after
preferah dRTAdifio AP RSHARGIGE Yh AR AT ITA B8 e tf SertRdusUpbaages 124, after
which R@diighafdhricanaduativg paaks, 6 peicainale: 12 xPssbefiton GaREksiiRtive pads
layer 123 may be formed by electroless plating on the walls of the _
or termials ded 128 W Waf SRS URY Ve Ty BIY 2§ EOMELY £ I56HRbT HPpane on the

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

or terayiats | dra gk PPN PrsIME TN C e & 0vEr IR Bastidins G °D- - As shown in
FIGS. sondusipteseieesidines, mayenahste e mpepturedefapestierege over the bottoms of

therethrough, for example, to provide an opening 130, as shown in )
condugiy BRHhda 5 BpORE HEARETIE BrABHE R ARER s aripls. o provide
an opel@aaticnsofsHeeasseisdiZd tinethenyisescakalasiseddéoneahancadeundesfil4 at the
. access. If a wet solder mask 118 is employed, recesses 120 in dielectric

ocatic g TaE R B L AP0 BBER WAL FaHDUS o AL bl et solder
mask Bdder engskyapplicatiors iRa diy dfdrdmsoldebstmnaskmdiBhsramiplayediugged with a

merely be laminated to dielectric substrate member 111. [0068] .
remov R AT QIR A (LT B TG e ploved. it
may migrelyritngnangdaondir¢enierpdsensubsindte 110 to a semiconductor die

ig,a fli ip-type semicanductor device assembly 160, FIG. 6A )
T B R S DR Al Shal i mounting
and bolatingitnepseaniadrductan die 1 Séhpoardacttedasseiribly fiiyecagf-type semiconductor
. Semicgnductar die 150 include active surface 152 and g back sjde or
cevio g o I R S B e e {1 e nc
facing gadehsBkaringliel¢50rnadytcdrdiyativel hurapsfl S6thieredrtGuic 150 includes an

active gl?r?gc%cf%/fagktf a asclg'Slge %p gur aged lgﬁd\%lg'?eaug) Ihse%r(g{(\:/ggd %g r1 em]é?u%eaérg plurality
ora preselec ed con |gurat|on, wherein the recesses In Interposer
of bondphagtraie hd:Qiagelsizeidadyd @ahiiguedatioped e gpoech whictheonductive bumps 156

copfigyratign of the. bo ads.1l nd cgnductive bumps 156 of. .
wnd b R TTRS aiE A0 8 et o (kb NI AL B B R the
recess¢et@8ses hiRbrpmdrconiuctive unnps 146l aredswostantredy toniwoespragesvith  the

conﬁgg}‘aﬁ%ﬁhﬁ ISy %ﬁ‘% a 985{9&%%%?@21%@8 Seip ORI 2950 s0 that the
efined therethrough or, alternatively, fu older mas coverage
respectaydva figordteds acnpssthe dottorws0f 20 and conductive bumps 156 are substantially
mirror images of each other. As shown, solder mask 118 may have an opening 130 defined
therethrough or, alternatively, full solder mask 118 coverage may be provided across the bottoms of
conductive traces 124, including the locations of recesses 120 as previously described with respect to
FIGS. 5A through 5D.

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

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

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

conduglgigilles| prpangrs By rliRe Hreavata iy elbaid et of BETRagpETently

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

for exugRigu ARAIRIet BT SRS H BRI R & S8R EORUEHIE BRI i QR or more
condu@fedarably dovimedondhegs asdieers Waakdib2 afiepeh SEmicaachighty diened on the
. 150 at a wafer level, but such is not required. Caonductive bumps 156 may .
active ;Surfaee bp by st SS%?H&%‘?& Fé%‘@c‘[ pfhtthg/ LeE e riRth g gbld ugeauired
Condubtiteingh iy 156 e bpBelifd@med anynstitable snaibetkaavp dinfie@nci|(Rifdhg, gold
FIG, 6 dﬂ)ic s interposer substrate 110 mounted to semiconductor die

stud bymppg Ry iR RAIBCs SRABY SETERS BEDRE KICSUNBIMS 88, wherein such
aeToiblyF160aB avjslas ithatpeashudkthe: comahidativel bivapi dikfidsor die 150 to form
.. substantially inserted in a corresponding recess 120 of interpose
lip i et AP BRSPS o (TG G g o the
condutabttopupipedsh af thebsiecessesikeleSuahafli@abip sSelinicavcssto2@eyfidaterposer
as bly 160 may be initially attached by the adhesiye element 116
substrgE A0 TGt SRS TGS et o GOa of each of the
recess@OrMUCHveh Aipnpskomicoriihe semietrrdisstarbiyel 46 thayahe tikiinlie attached by the
.bonded to the conductive pads or termjnals 122 in the recesse of )
adhesi e G T e e O T ol Emgaductive
bumpslE (ishthkecasaiobshider hiin|iX) anaurting the tondettive theinepsdlibbvi@npads or
. the case of conductive.ar conductor-filled pol umps) as known in .
erming 3 A P S R o ke T, R s Teflying the
condu@sve hraspnic 6 (i thaeraalead sipdessionp{0Q €l ik k3. coAdudtB dapigis 156 (in the case

implified cross-sectional views of a second method of nting an .
o con g I BEL L CtALG T D08 CBMICHRLIES s TR e pondin
knowrsianticandueidredeilicedassamislyl d&@nkd Gi. thAriHaistratesethedirst surface

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

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

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

coverage By RO HHE PsEP b HiseRp s Bl SeR S atarRv o i locations of

recesséPask dslSredib Gy AeapEbRBYReBipMtRIRGHISAtehR@DS of
conductive traces 124, including the locations of recesses 120 as
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die 150lepicsad ififr Khip/ Benti@Haieiipe ek Rehsiaid UG 05 teusieddeh of the conductive
semiconductor die 150 tg form flip chip semiconductor device asse
étlrtag&/a 110 with
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the colid@ct ROTEIPABYIRGIRGRESWIRD ObinGTpashiesphsttateclhhaitn2the each of the

condu aste 182 enga ith the conductive pad or termina) 122 in
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pads od@znfirawdes €Ma@dmﬂbfh1&©©ﬂﬂimtwﬁmﬁﬂﬂ§166wm6@ﬁ§@& ﬁv&igﬂﬁt i.e., their
some of the condugtive bu s 156 are i sistent in hejght, i. e., th
ree g G QR AP REi U I BBRD O BUARLT S R e 52 provided
thereoﬁﬁ[&z@uﬁélml eqiasiéed &th@mdﬁdnﬂ&qmnm)mﬁﬁﬂm 122 haheladdadhe20 of interposer
ctive ads or ter s 122 in the rec of rposer
substrg R AR S ST s DI SRS G Vi s, 6 and
6[130?8(1)73’1*1953SA%DS&@eplﬁhqantmmeﬁoescmstﬁﬁﬁmmakmewﬁah&dhiﬂéthod of
method of r|n .maunting and bond| [nterposer substrate ]dlol\%t i
prear MBS0 TS SHI e S0 AdCRIS BUtRLE 0 140 a i
chip-tyaesemlyntiaOok Hsvi8Adepitis iner m&@mb@taﬁﬂ&ﬁ;b@vimg)ﬁrmasﬁ) ofving a
onductive paste dispo ed over a stencil 186, patterned with .
mass of SSHEA Rl 431 GSBRR iRk GEBUL LB SATAUEDU pabieh pggespond
with réseisen ]S@OIG@ﬂdl}bﬁcEpf%diﬁlgdﬂ@Mb&h&B@bMdrﬁil& sptemti gl 8feabeinEi4 over the

stencil tlzg r;ggug L %E)%\}E? zals% dl%aqggeg?lsqtee nh zcl)glltg?t %cr:ecséssgs }%8 '-ﬁ[lgegstencil 186
stendl en removed prior {0 Igning the conductive bumps on
is thentteensendi pnndumdlgnimglﬁé)omtdiuﬂm/enﬁﬁapsé§61®ﬂtm Hamiabaqnoserdie 150 with the

recesses Plsd[:%g 110 as de su sd[rlar'geFll C?:IB c{Alte{n(F tlv%%i @%’ & te %gr%ductwe
ISpOSG |n 0 recesses Wi OU using a s enci usmét

paste ]ﬁIrfma@ bt dighestdamubstratesriemivarhdifl visedf astamsiehsd, [ﬂﬁﬂgl}hAllsthrface of
dlelect.rl?cfes(l:l 3 gtrll\llee 1R 18R 06 LRgesses 120, FIG. 8C depicts the

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

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

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

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

substantially inserted into the conductive paste 182 in the corresponding

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

7B, the conductive paste 182 provides electrical and mechanical

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

with F{%% pé: 186 Mt TnuBharstairivondighnated i Al Uil dRO menaspiagAuired if

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

adhesiy §IBBOM Wt 198 Gridfetstdereak! AotddPasE, ‘&1gf’ét@ﬁdifli%rét?r‘?ﬁyﬂi‘ﬁﬁt“lﬁ’éld“c“ve
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f semiconductor d
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die 15 e & SR GO BT el e R o B ee yRficlectric

substrzﬁeSﬂh@lﬁhé@ﬂdUC@lﬁ/enwpmeiS@ll@safﬁledhy aveensicandiatopadierl &drinal 122 of a
d initial conﬁﬁt with a mass of conductive paste 182 disposed in a recess
conduqihiy ifi¢fel&Ctric substrate member 111 of interposer substrate 110 over
Cﬂ]ﬁdﬂ]:tlvgspﬁﬂmhée ahadnailtihv22 0f i dooti e btive Hﬁﬁ%l%us[&ﬂ@ﬁl]ne%&ﬂcooperation
furth ternative, a cond gé e bu 156 to b use 'ltg'(?

with or 161 eél r% %con ﬁtlgF | nu gaggﬁ tgvlénﬁu Hci%r C A eHlEB/ be formed in each of
recessaemmmdng}t@nmegkﬁﬁmmbeefmmedtmlﬁmts aRredessemdi2fitleroughial such as

atln f t|ve Fﬁrm| als 12 Wlt acondut material
osurs e SEORARE B T S SR Ao o ca
conduttbingracbui24ine ls;z)a}eetrtéehiq;hang kmhdemttmq&abelﬂgwphndnywn in the art.

figFAesAg 0. bt schniues benawell knownin e art 00781, or e
epict smﬁilfecf SS-sectional Views of & Variant of"
above-dbavibete gdribed: thict cmathothgantprisinghetiodirot mqtmmgohmﬁpmgr‘;gld bonding

lnterporfng?‘ount fl S?tnqnﬁ?qdmg Intergoéer SUQ? llor;:o{% JCOQG%JI%%OI’ 910%01‘ device
|p chip semiconductor device assemb y Uenvariant

assemisliynifz(r. toStineh thindhm ethech@isrdesdribddrin hé@GSd 88 dt&[‘)rltbé(t)rm\m@ 8A - 8D of
prov1dbnlﬁrjr(?(ync %\Peaéégtel E‘nee%c (g)tf t]ilheergggs%gss ?501 %Qéeep)ﬁﬁg tC(t)I?lgu%%v L[')%%’[?S 156 are
initially unattached to the bond pads 158 of the semiconductor die 150. As depicted in FIG. 9A, the
conductive bumps 156 in the form of balls, such as metal balls, are embedded into the conductive
paste 182, which was previously spread into the recesses 120 of the interposer substrate 110. The
bond pads 158 in the semiconductor die 150 are aligned with the conductive bumps 156 in the
recesses 120 in the interposer substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B.
The conductive paste 182 may comprise a solder wettable to both bond pads 158 and conductive

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

appreci A vRgAS Y 4 RE S O RE E SS I P Rt IR 6 B O AG g Ider, and

condudb® pRdCBIMEIIVR dIiReis AEIEEMINGISId2 20aiRiSONAUSIHAEE solder.
conductor-filled adhesive. It will also be understood and 19 appreciated
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semicoRATINENT delcMBERVAITRSS PSR IS HRESS B 2R Hish 2 BUnl R i pPads or

termindB 46,20 Wwighusesh i dieit of Accancutiiveoumdikafeearried by
semiconductor die 150, may he formed in each of recesses 120 through .
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. ordinary skill in the art that, since the conductive bumps 156 are bonded )
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. Therefore, conductive bumps 156 may be formed larger in size than
increaya s e RSB O A WA B0 TR MG G Bgsembly 160,
resultighile@ deereasinge the brighical thel flipechimisemietnsiliciontteVileeformance of the

: assembly 160, resulting in the increase jn electrical and mechani
mcre ERRCUN Bt o HATERSF BTNt e gher. e
recessSUEIraietie hasmpotiee sesmicontLTtprodigel bl ifhaidieraliania@nesgest l28ent in a

conve 15 IteRoser subsigate. 110 provide an inherent slionment asiect 156 casiy
apsentin a conventional tlip chip semiconductor device assembly

slide ibecause ik aoivduciivespeiipg kbt easilyOslide intcet pedpeespretivent and proper
corresponding recesses 120 to.ensure praper alignment and er. .

atacht FRTER RGP Th DR e BRESIS AN TE B s imerpose

substrgurfacaslidlofstie toiehpoberpsubiBaia htGasswslllas e aondudiright controller

te 182 in the recesses 120 may,ac aPei q[tcontroll r for rﬁ' bl .
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surfaces of the interposer substrate 110 and semiconductor die 150.

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

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

around the conductive bumps 156, bond pads 158 and conductive pads or terminals 122. The
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surfaces of the interposer substrate 110 and semiconductor die 150.
[0079] As shown in FIG. 10, a dielectric filler material 166 (commonly
termed an "underfill"* material) may be optionally applied through opening
130. The method employed to apply the dielectric filler material 166
preferably involves dispensing under pressure from dispenser head 164,
but may include any method known in the art, such as gravity and vacuum
injecting. In this manner, the dielectric filler material 166 may be applied
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substaﬂﬁﬁlgdlﬂﬂxﬁl nembss&&uitﬁ@emmum ththestossadslihaneplsiedstantigly ifiketelectric
t|ve aste 182. T ref re, it is conte Iate? ta
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dlspenﬁn@dﬁdlfsfmmeﬂltn’TWCtﬁrallﬁ ffémhthfednatlon thereof, if formed of solder, is facﬂltated
by solder mask 118 (see FIG. 2) and apertures therethrough placed over locations of conductive
pads 126. Of course, conductive balls 162 may comprise other materials, such as conductive epoxies
or conductor-filled epoxies, and may comprise other shapes, such as bumps, columns and pillars.
Once the conductive balls 162 are formed on or attached to the interposer substrate 110 and the
dielectric filler material 166 has been provided (if desired or necessitated), the semiconductor
die 150 may then be either partially or fully encapsulated by an encapsulation apparatus 178 with a
dielectric encapsulation material 168 as depicted in FIG. 11. In the case of partially encapsulating

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

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

eXPOS@&e H}tWérCﬁ%ﬁf?SﬁWBr%W%H%%?%EHSF&H‘W%E’ﬁ“&H&%sHBt%}?%Pﬁﬂlcff&%ﬁ?ﬁ%al 168
may bVl AdelieigeliipppeapspilrioninNatadnl bpSias pepiwrEng fiasfddmbldhe, or any

case ofq‘oartlally encapsulating the semiconductor die 150, encapsulation
suitablg,methadl ¥Ba'WAdY Be Uispbhsdtpy Hisparse? Hehy R ancapstiaffpn material 168 be

applie@ &y by Iofithe saricenducipihd @&ﬁ%ﬁ@ﬂf@tdﬁel backisigenolyshfadeapplying at
of the die is left 21 exposed, In the case of fully encapsulating the

the wa %ﬁﬁ%‘?}nﬁiﬂéplﬂ’lé%’@%%%’é’uﬂéﬁ?ﬂsmﬁfé‘%ﬁ CRSADSBIE 5B RG Hy! 68 about
the peﬁ*ipﬂ@@smg,tIi@l@cﬁ(ﬁaﬁﬁ@cgd)@bdﬁ@ﬂﬁmgnpﬁtdﬁmdinga.ci[ﬁﬁl‘éfeﬁu[l}o@ﬂﬂ@psmﬂatlng the
any suit ethod known in the art. It is currently preferred that such

semicquuges ]e?tl material 168 be applied to the back side or surface 154 of

tlne()se]n|qmduqta[sdielé;ﬁ&s(\ﬂmcmmassexhﬁlebiﬂlacaapbéngahsﬂamwyfmdembhed to

oatln ior to dispensi addltlon ca sula on materi .

anothe gD o herye B et oBRTOnGUELS: TR RGP i carie

substritd|y79nﬁﬁpﬁl¢@hnglﬂgﬁa&eﬂp[§@ndmﬁi€& tiie 1b0. e{QﬂBﬁ}&éGoﬂz&radﬁfface 174, upper
Sf|l semlcondu tord e asse 160 attached to, another

surfacg e B A A B Gk oo Hedt G b SOAFRSP B AR ductive

balls 16ardsteuhesaebstfca§erlaZﬁ lrl@ludme@sw@strmmwmr surfacie, thé2lipndig semiconductor
substr §/ers rface er sgrface 72 bearing substrate

cevice A L e A A G A SR W St 170 by
reﬂowb@l&&ﬁﬂrﬂﬂcﬂiﬂ&i@@iﬁﬂd bulitabe2 1d 4hefsnbetipaseraitasipade 174). Aslzliahric filler

matenah‘?g b chib semiconducior deyice assembl heﬁ%emaé’en mipchs ”'Cg%lxlconductor
Bled rlcgllglly connedted 18 carter SUBSHR by re 0W|rPg %
dev1ce(}xsminlbzlwh6(lsnldd® baﬂ'&ﬂmmathelwﬁﬁtsa&ariﬁgnalﬂqirpajdﬂrﬂgﬁﬁe Materconnections,
ie., Con Iectrl%flﬂser1 631 er| not shown) as known in the art may then be
etween’the |p gﬁlp semiconductor device assembly 160 and the

cEﬁ(iB?f] SuBKirate de}ﬁ)cfs)laﬁhpwmg @nﬂcprmllmttm dethiecinteeadrineéctianduding a heat
oGy TR NS 55, B SERMEED OS8 55,43 S TOGR. 1120
the int&@ﬁsélfkmﬁsﬁatetrﬂmsaiad aletvetit k80aviay éjemmmvld édrovahdhen finstasthifackermally
conduéltil'vze PIIaterial. The heat transfer element 180 may also be provided on the active surface 152
of the semiconductor die 150 to abut the first surface 112 of the interposer substrate 110. Another
option is to provide the heat transfer element 180 on the back side or surface 154 of the
semiconductor die 150 as shown in broken lines. Such heat transfer element 180 is configured and
located to thermally conduct heat generated from the electrical components of the semiconductor
die 150 and to remove such heat from the flip chip semiconductor device assembly 160 and to reduce
the incidence of thermal fatigue in the interconnections and circuitry of the semiconductor device

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

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

Ry T erab iR lp o HRrH e B BRY i res RAPS PR BBHAH e efe material,
such &eoyspRduedosildie, 15@ ang talkemoeve,sueh heatfran e dir®ehipmaterial that is

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

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

189%8hy BdFormetfRirSing thermialy doNdtkyehead b alitleds Yoppdpierposer

substr8d Bilvevidpud BaaRise:coropfiseraithermallyecondusibodimaierialithddriso the first
nonelectrically conductive, such as a thin diamond material and/or

embod A ERANESHPESRE GEPEE TSNS RO iy YAV 8t R oeasp R REPpgiment includes

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

substrate o SeisBIERs % Hﬁ?af'tuff)ca‘fﬁ frn S hissg éHfafPr??r?&ét P&i%&%’tﬁ?‘é%é’p%”rf“e 612

includébenintgreasesssedsairelh Hidbeasesmncr amhogineiveisiudes dneltiple

openings through dielectric layer 611 (FIG. 14). As in the firs
eﬁ% i % Ve‘rEibJ;é? i%%&r%f&%i%?ﬁ&ﬁ}dgg“ésf {UGHPRRE éi%sgﬁ'& §10 taken

along &spenilskitaca b, Mhateis thellirst Sufaced2ihinal utigsempstiplgs 630 formed in
herein and bears or more adhesive e

recesses 620 one elements 616.
the sol G AT A AR A Qe o0 UL SN VS NBHIGGAP i ach of the
openingylsSaiecndh gakaroalenpgreisgective sectioniprescidsansRdSHack pedidg 630 and
ig trating the multiple openings 630 formed in, the solder f\sk 618 .
recess Qa0 6 OLe i QR SR R b SRP U ATV £ ARticRdpcgpe pad or
terminth &20peningad 30 exiengingateaccariespaiding pe dttheemultipleductive pad or

termmr%Te%%ses GZﬁﬁglilach 0 egﬂg 630 d’;\nd recess 620 e>%ends to a conductiv

mieRt SUR'SE S dBRG0CiVE I ACE S 52 B EBITGLRIVE AT b ek vhRAl 630 and

recess 62Q. Wit lpatieubtrndor e passagespa32AGereflising apsl etwaemgper portion of each
. conguctive pad or termiInaI 22 or c&r&du ive frace 624 roYidéng .
opening | to a.boltom BOlftlon of each recess e m‘g:r]?oser sutgé@ 10, ‘The conductive
mmunication between each opening an ecess . In particular,
traces t2d on@ondutiive passagesibhidR HRyaexteonad fndiiGan Lppeugporntiohantieacind across
an upper portion of each opening 630 and a lower portion of each recess 620, of which each
conductive trace 624 may extend to another portion of the interposer substrate 610 to conductive
pads 626 for electrical interconnection on second surface 614 of interposer substrate 610. Such
conductive pads 626 may be located substantially directly below conductive pads or terminals 622 or
routed laterally across interposer substrate 610 to various predetermined locations by the conductive
traces 624. Solder mask 618 also includes apertures therethrough at the locations of conductive

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

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

I08EL iR Gabdspistiy BlsRnsstsibstipcaiVialitPencsery grRgiment mounted and

bonde € QNWIHGHNS RAGEPAICEHFVMAG 2D flu oSl 1R e63 U AGHOSE VBIRIRRSEIS2 thereof to
substrate 610 to various predetermined locations by the conductive

providga (HR YR SYBIERIMHAK BT AisSBIIGES Pt EY tEtBRHBISg H-db frgnductive

bumps@s8teNsRhseMHLCHE o Piels 6 3B rvvbich disgieie siomduetiverpisBemstrate 610
in the form of solder balls may be formed for external electrical

50 thal g REBHEANG e G Sal SIS AHP &FD S9 3 [t ] IS, A6 disgicritie conductive

bumps a5y pR$EEELRSHEDGAOrefdessr0end Godedineri ieynEss aoetrdamdeshnected
to a semiconductor die 650 having conductive humps 656 on an active

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

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

havings P o A th @ ESARE U LEB AR K564 A TRSPOSeFS ﬁf)ss%ﬁe Bt0%fe o more
passagattagheallowitiidherdo fideeivaetialmes 65t o siposdaoizracd eddher the recesses 620

recesses 620 the. conductive bumps 656 electrically connecte e

from (AR TRE £SO DI B RS A AE S QR P, Dropenser

head 16ametyciive dalddicpagie fileothesrnonc6liddeo pehiyaireentoaigivh gV hibe extruded
penings .of the second embodiment each havin e or more

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

semiconductor éewce §sem%ﬁy6g of lr‘tnsecong em%(s)dé@ﬁntﬂilgﬁﬂ%% e e1ther, ng\ﬁerrTl]caaysulated

proximate anoa acling‘each o e opening enser head

or parthiligducepdigheairiy fileapsalaial ifumandet 18 edgu ke iatoappdaingsHaOrial 168 as
. be extr through passa 632 into recesses 620 adjacent .

cepit g ok FBUTA NI DB (R 0. encapsuaion
materiseOR angustati giene&0tn divpéhpechigndsemicbndubtopaplies asskendaiyiconductor
die 65 %%.?%&P%Ee&a%ﬁlds‘fc@%%ds'm e Py ct)'f“?ﬂebc%ee'fh‘féf{‘fle" R/@Qﬁfp%"%gdca‘s’é of fully

partially encapsulated by encapsulation apparatus ith an
encapsahtapdbtadiencnaterbitibaSrasrdé pietechmnbe Kppliad o tebadsadf partifdhe 654 of

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

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

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

applicd Yt 1munehPad d [HinteUredie Bosia gt tithsh sty ciile semiconductor

deviceSidb&HBIE CbOGHRE bidesncaBSIiBi e a PR tSURFAER th 62 IRNGD RGBS 662 to the
lower surface 174 with substrate terminal pads 176 made to correspond

substrage (PrpAahARth! (Bn AU AL 862 SHEh B Sy BRI BhPPRKween the

semicddiiaee Gkdied iRtRrIISAIcOURLT alie: 6dbsanduotiver baltsH62, dhsopdetkcting the

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

ajoobeyl trRGhEr@dpitey mupadipads v 66a iRlbBYES @R KNeWdH & albstrate 710

. As such, the semijconductor. device assembly 660 may be bondedto . . .
having 505t ENBI FIE BRI AHS 48 1 i L Epagament i sl
to the fiesreinad Piads il £5coptdielpetrisofitienatesial (rotishaikndmbayithen dws not include

. applied hetween the semiconductor device assemhly 660 and the .
openir g A G st Y bl SrOC Bie. L iPed AR hgtrate 710 First
surfac€0n2luatives hialts @62 ptheidsiveasmé90] & iGerdSndepicima tapfplan14 carries a

view of a third embodiment of an interposer substrate 710 . having a center, .
pluralifg ol O SRR D Todhigbal SOBUTALS PR OF (SEME /22 and Conductive
traces @pAbwdichembis similaysde dled fiisicarnbadindetyexedpt7de intdéop@adon of discrete

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

on. Secand surface 714 carries luraljity of conductive elements. in
chann S P s b TR B BT ey end
the wayhtblonghy diaeetasdagiated thefEwith 8ondudtpiet padhatidel fodGofonationin a first

of discret conducgve I nts ther r.con P%tgi interposer . .
sutuog LGS SRR Ny S ISk £ . T ey views of
interp@nrpldypedttc’ damkitreabotgompeofirecesses 1ttt Hsave 2@ iFEbodtchhafhannel 740

channel 740. Alternatjvely, channel 740 e of lesser depth than )
e, R 4 S W AT e gar e 720 and i
confighi€d$o &8tendd aepicdiaattyarioed stdOdionmechimeacisst Bl faabal B2cbfrecess 720 may

directli%;r;(é(e{,\r/ Sn%%nelrcg ebéf{ﬁFEe%Qnﬁ’gP’ﬂﬁ!”AFﬁoG 10r:1l' gf%glé‘irgtgrggé%ircgu%rs?fsa%ésﬁ?}ilg)er%\?‘vleen each
recess 720 comprises alignment fingers 742, which are defined by forming the recesses 720 and the
channel 740 therealong in interposer substrate 710. Such alignment fingers 742 provide an
alignment characteristic so that the conductive bumps may be positioned and aligned with the
conductive pads or terminals 722 when being disposed in the recesses 720.

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

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

fingers 742, which are defined by forming the recesses 720 and the )
HIBTAL 7957 ReReamS g R BRaRS b LA s A PD CBERHE ShTheRce periphery of

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

Such d?@i?ﬁ%ﬁ@“ﬁ‘é?%ﬁéﬂ bR iR oSBT HHE re ALDSBE T dBdRfoxNNate the channel

openin@episiachéfefn GedirRt SRBHERRGUCIOEIY HIGwavE] Mepatechanddepdettuctive
to_interposer substrate 71Q so that the active surface 752 of the

bumpss i dBnHGISF RS 7 58 ab it e SriBR S PR S P LY ﬂ}fg}}n{g?pf)%irc onductor
assemSlylIE0ate M 2éhand thiei canducivaiumpse 7 dhiake disppsesdtetiige dielectric filler

r ses_ 720 to form a_semiconductor assembly 760 described in the
materif Lo L BBATSNS 35 (DU e D Mgt MG ErR 150 b
enhan@d<hannelopansiguddbahtsidedqesiphie/hé dhe seneonsicton the recesses 720.

assemhly 760, through which_dielectric filler materjal 166 be )
Furthe ST S O BB TTE SrS i T ey B Erseser g ppgnductve pad
or terndigpansendyerchib4dpdoximatietbehchainoethapeisigwitdh wihersibe expelled by the

dielectric filler material 166 may flow and fill in spaces around the . .
flow (50 8 TR G TRET LAB S50 FAE SR B dotnbs Aplied. As in the
previogfyphbydihsiii, thensemitend itor S@ssanbelyue R vapzaated, ieniidalgarasl side or

apy angle which may promote the dielegtric filler terial 166 to fill the .
surtacd R SR S My LA S0 AT BT i Bgacd v
dispensitiaadddhyadeptueimnoFISUARoN means to optimize the time it takes to

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

B o e S UL 0 S g s syt 170,
such adoeapronteledivdiiit ddhivte dheretheteghithrbiugbubiate aiTomayl ik expeaitedate upper

by the flow front F, of dielectric fijler material 166 or.to.which a vacuum

}{7t5| ncfl Pace IJMe gﬁ& c![j

surtact i B A T S SIS GRS A B dd srespond

and attavhywieh tdhdendapsulaE?, ncluding ldackasidenrhsuetand ibfowitihd of interposer
encapsulation apparatus.178 and dispenser_head 164 ar partiall

st e A B s S 3N AOlbh s FRC5 ot 170 by

reflowkigxh2 Soalde: thepicids SEdioondudtarasseminhy F6B AGcAdi1to mnetivdnot shown)

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

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

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

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

substraffs BEARRHE HRIFCETRISERONLCT dlicgon Jueeciafis 762 Atardbiied rimplified

cross-{QARMhAsepiatadniR dnda&iordifand RABnthevatarpasahsufisiadebt & 10 prior
the present |nvent|on m él%‘ﬁalso he formed initially on a wafer scale

to mug ORI L SEmid oA T ARG W sy includes multiple

semicdHasiigidate d SEMmieonadctodines 1oshantk thenoguiatesdak sepaiatadoken lines,
after assembly by @SICII’] process into the indivi ‘H'gal fli

hi .
whereigdhG B 653: MG B AS s ?%?r%gt‘f::%‘“l{%?ﬂ?“%‘é‘fé}“fm 252

and eatth rgahlkmﬁe@bter cangentignad subsiantiplybaiigislassamicontyetaionaiesed by the
large-scale substrate including a layer of

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

it R S LB b 1 LA I 0 TR s ro

shown)vigticsical &W@Qﬁﬂr&d@ﬁ[&t%ﬁ@eﬁé@ést@@fﬂﬂﬂécﬁﬁﬁhﬁ estpdoerestrate 210
The semiconductor wafer 250 collectlve incl multl ! .
are madg (o CONERART H subSEY A oﬁ%ﬁgrdﬁt? WS @5’ %{Bl% fbfh%j“f:%’f’db?g cach of the
semicabld@sr slivaves inhiekemitoaducwhetdin 256. demhisanauetiahyiatenHdad substrate 210
ack side ((‘i surfaaaeegrz 4 and an active urfac

2
mey by SR A B e R A SBR T CoMB algece 212
of the dlietptadrbytihentddhtlspanis ﬂﬁ&@ml\mhm&fbthr@s a fﬂfﬂi@ﬁhnﬁﬁl%ﬂ]ldfhavafer 250 are

1nserte§]ter Osel Shbstal 2%9&@%; {ihin re?‘r%i[ pler 2%553”9285“0 SRS poser
mu iple Tecesses D P& T AR FiFst sirrace
substrznpemihgs R30 haviagrpastagesifitdy Zbhwir )dgricted in H*Ié}smndmerf\amm scale

assemlt) &/L&&;he ?g Se25120 fgr EF d,n. cthce Dtefg ?h[% lli;bs&rat%%l 9 e se 1conductor

corresp in Supst A mirror |mag ump con gura
wafer 2fDeaeh diding memﬂmeosuhlcasradwmerMvoﬂﬂ@et@émmonmiummlmmfgum flip chip

In thi nner the ter ubs te 210 may be attached t
s o AT St ik ToCE Vo E e AR VAT ey ne e
separaﬁ:ﬂﬁnmfpheenmdmuseQﬂ;ﬁk)sﬁuﬂmWEi@nsm‘tbm(themnubdahve:dwmps 256 on

ﬁ@gﬁ%{“‘cﬁf“ducﬁo G 358 ae%er%)%%[/?o%%ld SHBRfRAlY "eeSEhn with
ithin the multlp e recesses forme | ein oser

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

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

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

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

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

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

semiconductor device assemblies that each include one or more

semiconductor dice 251 having the separated interposer substrate 210 of

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

configuratinn \AB A AGELE IR oA StV Bt & BAticghr7R thisdighalterative,

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

d .
S“rfaceg\?’]@e?éc‘t?f&&?@feéoﬁ‘mét&%élgem%c?ﬁﬁ B s i THe Vitdr skfe adhesive

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

. e
alternghins: THet bR WEHA T O4ts BT BERoru SURSES 214 BFTRESHtepiEdp around a

periphsyibsisaier2 1S, cithiesrpaidre e dipigths Watknscater aspeiniblyi?60oDan interposer
subsequent thereto, [0097] FIG. 25 depicts a top.plan view of an
st et S0 YOt G- ehr e TLBEeY ABFEUER i g 10 and
recesséor20MaapeNtigato @ aubsiantialy msiosienage inapdspacibditate 410. As in the
._configuration on the active surface of a S(?E?ﬁicon.ductor die. In p%gticular i

PreviOHEC TSt SRS et 8RR P BT Bt BANRHRSEEH, Wipla iR 1 made
to corrlRpliplevigcessnsadffligrenfororech pesvihiel pppesnsigiaceBd of active surface of a
) inétl%r oser substrate 310 that are aligned in the shape of an "I" with
SemICOREVE elements 316 disposed on either side of the body of the "I" and
b@e9sEn thepandsuthedeafribedwbiespaliestiative e cessccosfi@uraiiomnidheoth the

recesses may be formed in an inferposer s rate aroynd a perjpher
o G e R B R R Beoo S, 5§ Pyt Bfne o more
openingi@iposeiicsulisiicaiactics evithbanaachgsive etkmentubhovhich denteepesticformed
with ggsigltgsrpg§§lrcilsﬁjbt trat 41(% and pesesses 420 fo(;&ned erebabout e%r%d .
Phroiimate a periphery of Interposer substrate 410, °As i the” previous Mo e
bumperk sesscoodfigurations, tieei perjpheryubaess, chefiguiatiolenmimteiposay be applied
througEu[BeS: tcl;aiée iﬁlo Iﬁ ma%gae etsotg ?{ltiet (%cheglg/ Itsha%(P ur%%%%? H1ae”¥0nml|1rrg\r/el 1? SS disposed
ond p?aa c%r?ﬁgd’ratl on an active surface of @ semiconductor die.
thereif0098] As previously described with respect to the center row recess
cqoniiguration, both the I-shaped andlthe iphery canfiguratio . .
R S S S AR R RS NG Ry o0 motuing
semicauidace dit e imiarpeddisuhstrateanppespogetisabihroeid hOwihveingth peripheral recess

configlrl?z(ft?osns Chnd rearflozlqgeerglative method of applying dielectric filler material 166 to the
semiconductor assembly 460. In particular, dielectric filler material 166 may be applied by dispenser
head 164 around the periphery of the semiconductor die 450 so that the dielectric filler material 166
flows under the semiconductor die 450 and around the conductive bumps 456 adjacent the die
periphery. As such, the dielectric filler material 166 is only needed proximate the conductive
bumps 456 and not under the entire die as done conventionally. The semiconductor die 450 may be
left exposed or encapsulated by encapsulation apparatus 178, which may provide encapsulation

material 168 to the semiconductor assembly 460 via dispensing, spin-coating, glob-topping,

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

encapuhHiRIUTAIH R & imdisthiBehth St appRin g disi detrieirar sy 420 at

the walkd GetRIIBEpSANICREHUCIOF MssREMRIYi 460 etmpRItigUles aBiRleBY R fifBéry to facilitate
material 166 may be applied by dispenser head 164 around the periphery
fully epgapiating dBn RIS PHRCHE S At the dielectric filler material 166 flows

Uedeo o ersemycondueion diALQ antharpuid, thecondectiyeriumpsdatonductor
. _adjacent the die periphery. As such, the dielectric filler material 166 is

die 43, A A REEAS s iatsERy e SR Ba AL P bums 456
disposediielie azidone gasersomallyscHbesaninosdgistog DiardEihmaB brovaster, this

exposed or encapsulated by encapsulation aratus 178, which may )
eenagR 5 ARESHOIRUIT HEATEHAERE 5 HE LnTeena Qo debrr ey sembling
and bovidigispe BsifigosRibraoditngatotd oppipgsetapesiiiog, ransfer molding, or

other sujtable meth nown in the art. It is preferred that such 28,

%&Bé |§ﬁdﬁ‘}ﬂ5‘l@ al' %&lﬁ%rﬁﬁé@fglﬂ?e& iﬁééog&ﬁ’é’c pergiconductor

deviceth8 sabiycosiobates e b thaénthe wafeilevet®n piiarii® chsPSTERIRG NS previously
ielectric filler mat]?/:'

) d al. 166 about the peri ry to facilitate full L.
discus o CIRET ARG U0 LR Ehe Fob S[bb B Reptfem 500, the circui
board siternedhe aadbodipiesssibiggietesTedviiial toensemiconduichen thiguddd is 574 and

assemble d honded to the interposer substrate 410 with the .
an ouEh QOGS B AR LR AR QB DD Shdll L Justick or any other
computigsapibiettvicE | Ge @ApuBI and598 mABhehomenes:, ihisitalternaitige dagiye, such as a

also em Ioa/tﬁgre metrgo&gs.des&rﬂtged in FIG%.&%;@? and 7A - 7B for

disk JES Fhih 50 BBHERY e LORAFRIOER e 226 R Rl ol imied . o

microsubsivateod 18). {0010 1daAl ilukidaiedhmrdleck diagpanacksing iranauitgikdGuctions.

AdditidSip. SRR seryconductor sd%et\c?/ I8 AP RSN, 28O the pre e I OOl in the
15 hounted to’a ¢ircuit board 578, Such &8 pr@v%’us‘fy iscussed carrer

art. substrate 170, in a computer system 500. In the computer system 500, the

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

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

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

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

B AR e S H e T iy SYTN,

using dtihgrRailoimeiteadh secessd gRhvAldigleatipdilesupataréadol® iarbane instead of
disposed over .conductive bumps 156a in each recess 120 as shown.

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

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

the serdis clRpiatadiay 80raw Micthessanitsomnd ucivirdig<ksl tplatast esidiaii@bumps 156a
squeezing the nondielectric filler material laterally outward so that
and 15 R S NS AN BB LE & A P SRR et een.
Suitabkdidasorel @lameaninsiddudatheaSrsowind DI 5a3et niroffiey dis, ehtdeid  snical Co.,
Lid Sdes”effﬁiﬁgmagf]‘ In T]féariation of the approach of FIG. 29, itis also
1. SEBNE. 18 A&t |]é'ﬂflc?f"dgﬁ1aél'dielectric filler material 166 and to
penidg¢] amhnierpede bsuppiraie terdie: alipekipsdnsteaduwfoti8ingraassembly of the
separate adhesjve element 116 ?nonco ductive film NCF, as shown in
S

presenp AER e iR 7. 26 EY e ARABbIATGEr thisrPlisFd fisShdfe Pipparison to
conve@itenfoimaidohiconduatvdibussaablize @ nthlesens diatljoridndovadagsn biyerposers.

with a semiconductor die 150 carrying copductive humps 156b. When _the .
For exd N hATchoF el 80 I I AIoAB LA 210 S SIRCLEH o ham ek
dielecteenokrativeahd eijpsiddbbg aancbdd 6 ywiltpdneaindie dlve Inpnadjadeatiue sthimdaductor

die, ejiiaie utual elecical cqpiact (ereheween, Suitable noncondualive, een the
* K T1 ShU¥s2 Fhifs oﬁrélped“%l-?ita I Mical Co.,

thsinclutie tHeU
semicdriducSedikcoddheioteater albSivisiomctapadisfoet @dhdiatise ilewilbixe or conductive

bumpsagip t?'lr%egltetrr]r%} tE;)% g{%ﬁgﬁ%zﬁ%@&%ﬁjﬁ: &to; %gl\(}gg \%Ic'tﬁlenmtgy rogc;[pses %rfet?l%n(}ielectric
Invention provides a compact, robust package at a I’edUCGCFCOSFIn

membeorgafisamyovertical standoff provided by the tape. Electrical connection reliability is
improved, since the conductive bumps are in contact with the terminals at the recess bottoms, either
directly or through an interposed conductive material within the recesses, eliminating the need for
conductive vias and an electrical connection between a first conductive layer adjacent the
semiconductor die contacted by a conductive bump and a via and another electrical connection
between the via and a second conductive layer on the opposite side of the interposer substrate.
Moreover, due to the straightforward design, even large semiconductor dice carrying a large number
of conductive bumps may be rerouted for external connection using the present invention as all

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

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

(RO InBeesERISERRLIND EmEIRRLNY peeiveGrthiiviRRs e asdapter which is

far in ¢REeieILEtECattreNARGENbIdhioF dinMVeFtiRlStRRslelidIrevitedihy HignRnBus greatly
Electrical connection reliability is improved, since the conductive bumps

facilitaging s Aadesrss AhetBIrRiRY I AehRersaBLe HBRs A Bl thp b xample. a
75 umthigipoR3bindaiplosed windudivenimatesialsivthin thie eeasses, eliminating
the need for conductive vias and an electrical connection between a first

A0t AR RS e RFY QS RBIR A A RS RS S i Fpiietive bumping may

be useGeNHhSTVIR:RURYDAREhAI iR ARth ARRINEV L] aGH Gal SARNRIQBd BRiVBeRsth€ bumps
.via and a second conductive layer on the,o\%%osite side of the interposer,

used ig, gombipatiqn oy, & sder B sResrln T I HEsiEh ,aé‘?/é’ﬁrFé‘i’&&rly suitable for
prototyiaizi cedeeiordiceeCaitying ¢ latgad umbeldeihconductivE beveppitay, Dew cost,

..rerouted for external connection using the present invention as all
ﬂeXIbln"E?’o‘Htﬁ?&o@@gﬁ%&%ﬂ%ﬁeﬂﬁé%i&é’%a%ﬂ/é)%i@%@? RiFs R HEBing away
floo107¢ semiennaudionsdier 3Q{RBIODIIPEspresbtdfRventiondn@modates minor
. .employ a recess lateral dimension or digmeter which |s far in excess of
variatigng'bg 8?‘&%9 ?o#&ﬁﬂ%%é?é@&?%ﬁ ?ai‘&lé i?&!?a‘i?fiﬁ Oﬁﬁ%%?ﬂarﬂéy of the
semic@i@atlyr daciiiatingiyues psand Irgoaasalipnmenihby. | Coasesingnhtapsiratbn, if desired,
dimensional tolefances.. For example, a 75 ump may pe employed .
of s ALESB 5 12 G A mUp DR ORI IE At Pa varety of
methof¥ ey irasily maddtlatibtvasioiesiypasof cOndisethad ousaping vadyabeadstd element
to implement the present invention. However, it is currently believed that =~ .
such oy L B S A ISP e EBIBG T 510l BAGRS i SBTh ghglovine
tape isrecebsesale: Py ienlrdyduiable: fard piaiglyeingibnchiow yahsmdifferent bond pad
roduction dUF to their ag

: vance stattt of dev?lopmecli’nt, Iovxi cgﬁt,.flexil%{ﬁt% dant
arran gE e S dRtiAY ARSIt oRE BAE 5y Bl ahdHRE Pitth dapabifrgnd attendan

compl¢RAY Of] dins peldiionn, thethae cipa fiexibe inietposesdubsirhiek edstyplanarity of the
condudGEMMOdates minor yariatons beteen NeIgnts of v arlous CONAUCIN turing die

%umps a%aof'acﬁ IOI+ a%séjluf)e p’lanarlty O}Vﬁ'le SemICOI'laLIJ)C?OI’ c‘ﬁe aC{IVE & &
attach sorfacenaspoet asibh@itof thestéfivitmalsoeeirtay, bneppBadatioonificesitedst of the
conductive bumps with terminals without damage to the assembly. More specifically, during
semiconductor die placement, the tape may act as a stopper or barrier and as a cushion. If a
conductive paste is deposited in a via, the tape acts as a barrier to prevent paste contamination of the
surface of the semiconductor die. If, on the other hand, solidified conductive bumps are used, when
heat is used to soften the bump material, the tape acts as a stopper as well as a cushion when the
bump material relaxes. In addition, tape accommodates the “spring back™ effect exhibited when
force used to assemble a semiconductor die and interposer substrate is released, helping to keep the

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

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

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

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

element employing a tape is used to secure the semiconductor die and
interposer substrate together, different bond pad arrangements are easily
accommodated without the use of a liquid or gel adhesive and attendant
ANHBLiS shais pissitdnapa el wipehingline abdbcs ey Brigekfeflow of

solder&Qpianadiiypicthemponuetive:iemRswen & FemitonduetREiB IR ald}Be electrically
wafer level and to provide cushioning during die attach to the interposer

tested DiiQtratellay stiicheitforte sy e Aplied @PBHELPEERIARE Setrigonductor die

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

volume, 8 Giel 5 ifa ks MHeAE (L RRSAY P o GBHAL ARVE FASRS i tFEpESHey firate and

semicch¥iRtdhéidape idcismslamaniaicierpiryeslRaste portaminaligmes theress-induced
rface of the serlzicon ctor die. If, on the other hand, solidified

s :
defea%a%%%&%ﬁ?ﬁ %8&5@&?%@9}" AP RERY Y soften the bump

niede0sy, WaitapBeapissas arslapRer B Vbelnadisctisshion when sheehuiMpreferred

naterial relaxes. In addition, tape accommodates the "spring back” effect )
embodimaHiaRA AHEH A SANTEEH (RS B &4@@6&8? &1 2e and appreciate
that thateraesensibsitaie isnialensedidietpi)aittekesp ihe rnnemandastiontes disclosed

joint together. These advantages are licable to hoth rigid or flexible )
embodRoghO R S SO OR] H I s GO AL FEAE ity heren.
SimilaéifytHeaassemity qpd @hibodfienm afagbldemippe Contuativediuntiiseinwthige remaining

.. recesses as well as rework, as the assemblies maybe electrically tested . )

withiny B SORE A AR A o B MG P B At gpaent 158 eribed in
associggmivtthdhctendidl yatigapstdaded-amlcardedadt vetaiesensoveciando in FIGS. 1 - 3,

req;aced..ghi? ;f)lr S n(t:edoftt efgge also reduces.the t.\/qu?1etof dielectric 310
may algft b Rrpadst APS ABRVEAS g it RS R S el Ll RRE S e
and thSpenigiasrg uaieys dienfipakitsoaamipliapb sharactenistds rediGS. thieapdtehitiadpectively.
S SR e B Y et gaane i
as wellisdlesgdeiimtenpscof wertiainspatifeniehl rahodiments fant@ktandativesdiments may
offer tggtreerqfﬁ ! o%ef%‘xﬁg eirilatr solgillriql htea?gg will recognize and appreciate that

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

disclosed embodiments may be effected without departing from the scope

of the invention as claimed herein.
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Similarly, features from one embodiment may be combined with those of
another while remaining within the scope of the invention. For example,
the opening 130 and segments 132 described in association with the
centrally aligned recess configuration in interposer substrate 110 in FIGS.
1 -3, may also be provided and adapted to the I-shaped recess
configuration of interposer substrate 310 and the periphery recess
configuration of interposer substrate 410 in FIGS. 25 and 26, respectively.
In addition, the present invention mmplated as affording advantages
to assemblies using rigid as well as flexible interposer substrates,
althqugh, of course, some features and embodiments may offer greater
What ]ﬁtﬂmf%dﬂ]émble interposer substrates. 32 CLAIMS What is claimed is: 1.
An interposer substrate for a flip chip semiconductor device assembly,
comprising; a first surface pposing second surface, and a dielectric
membefHARF & Hio ﬁEV%f{f]’éée@é’ ‘éq%ﬁ?é‘h‘ti YRSFSIRYS PP I Yigmprising:
a first W@Q@aﬁ@pﬁdﬁ@g%@ﬁd@@iﬁé&hfw sideddarstbstaptiahyviggaipimlity of recesses
conductive bum FIat lea one emiconductor die therein and exposing
a?’i&e&é%ﬁl?ﬂ% THIERS % SANCR zﬁg?nent at a bottom thereof, the plurality
each refd8CeB3IRS pinedisodiaal acg@m)wdhbﬂlbeﬁteswemdmgmlmsnmpafﬂ@n least one
of the co duct| ump substantial cess of the at least
sty

d
SSHE e PSSR A LY R P GAHG RERg obotom

titiotegh theptielticirid rmembesidibsatieast gneidpendig:hetngding at least a portion
co munﬂﬁlatl%)n ith the aps, % The. mtgr oser sub? ate fclalm 1, 4 the pluralit
WheTa i ME A AL BAR S PERMY EomprisEs 4 pitii ity oaft A85aYagO! the plurality
extendiigstaiide pIurallty of recesses. 3. The interposer substrate of clalm

o eas GRS G D1 Lt U B HECUE RIS of oo CASLCTE g ne beng i
interposetcsidostratetiof gdpim 1, wherein the at Ieast one openlng
comprises a plurality of openings, each extending to a bottom portion of
one of the plurality of recesses. 5. The interposer substrate of claim 1,
v@hereinIﬂhteimtei@aséMmpmhfglsirﬁmﬂnwﬂetﬁmU@mthwsemmdpsumgaa)mﬁ)rises a

plurah% r}‘)%esr agesse CXen Hg 1;[o the plurality of recesses.

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

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

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

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

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

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

62 wherd i tHLeEPRIRh &1RBAS e ai Hamber p Rt 1prnae gRatiRg comprises a
channd)goRh&IYnohtherinteipasasfsub sitaissthe ehannel RPenidiae TigHae rtion of a

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

periphepyd FRedHPRATH, T RAFLFM ARSI LI iPeeEid hetiiprises a recess

configuration which is substantially a mirror image of a bond pad

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

at leasconprigescailueds) one ke camepawiiecessacrafigisiationiRplusilapedrecesses
) recess cor@?uraﬂon, and a peripheral recess configuration. 11. The
in the RirpSEEUABaFate of claim 1, wherein the second surface of the

interposer substrate includes conductive balls on at least some of the

conductjve elements tq electrically interconnect to external circuitry. 12. .
B il LT B RS B o L O B ML BB Chafine opening
provideamptisesriptexiblerdialesticdapehsidie] e iiarpasgresilystraioafalaimeceive a
erein the dielectriq@{amber comprises at least one of a polymer

) 1, w
dleleCtrrﬁ%V{ér?élr,né T} lslirﬁ,nﬁlﬁﬁ rr%rnnalfte, FR5 laminate and ceramic. 34 14. A

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

recess configuration.

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

interconnect to external circuitry.

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

flexible dielectric tape.

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

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

34



thereinto from the first surface, each recess sized to substantially receive
a conductive bump of a semiconductor die of the plurality of
semiconductor dice of the wafer and exposing at least a portion of a
conductive element at a bottom thereof, the plurality of recesses sized so
that a gap will be left adjacent a portion of the conductive bump
substantially received in a recess of the at least some of the plurality of
recesses; and each of the interposer substrates including at least one
opening in the dielectric member from the second surface in
communicaiienseAtb iatdgast sainarafdthe geps cdmpfismgnember of claim
14, wherein the at least one opening comprises a plurality of passages

a walepsGals el 1 R PRI RS Bf ok BRLER 1 s AgBI R ISP BTE R ipdes, cach arranged
venar@indheopld ality 0 PasgagasceMM iSRS 0RCOEIMenARESAHESon the wafer to
extending to one of the plurality of recesses. 17. The member of claim 14,

SPATRTMR b 48 B e B E AL CBIRmISEs Y Eﬁ%’?liﬂ}e&?b‘&péﬁﬁl?g%? iﬁle Interposer

eachipfithainiesposesisubsitatasseeash afrthe: phacalityplof0pevingsesses extending
extending.to a bottom portion of one of the plurality of recesses. 18. The
TSP SRR 108 SHHBFEIRATT SERALLEHS MR St g R e ve bump

seCosehruifaca@idkachibé ferintgroosanisoiditaie didol the Mgeng@ivle@posing at

of claim 14, wherein the at least one opening comprises at least gne .
HAMATHBIRRY A REEy s rRea B BRRHOR el sten oL ehvatsgses sived so
athelt ex¢emdsi fanmedt pajriphie By patiheolafet aahletinterpapsnsubsitalereceived in a
memberft at I?ast an int%rtigraﬁ)lorti n thfereof. 20. The member of claim
1@?\9\%&&3 A SRS PHE A AP ONE LA et Etends beside at least
each osdimentdrifiseplsubdiiyitef iedaediasaaiwdvpans petond & ahdadislesainenefile from the
plurality of .recesses. 21. The membey of claim 19, wherein the at least
or S SR S LB UL O R AT I S e Svided at a
periphery of the wafer scale interposer substrate member, the at least
one chapnel opening. configured to receive a dielectric filler material in .
Poisolic B 3EH S A B S TSR OB BR PG < plurality of
passageecasselsiip eabh phthetyntérpasees.substrates comprises a recess
configuration which is substantially a mirror image of a bond pad
configuration on an active surface of each of the plurality of semiconductor
diée of thieewsdi@her of claim 15, wherein the plurality of passages comprises one or more

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

portion of one of the plurality of recesses.

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

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

o B RS oh VM L e KL oS PGt feast one
channdBfpiii@inft REfAMingiecaTd LAraMnme idBrposer substrates and extends from a periphery

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

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

Ireécesses.

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

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

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

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

configuration.

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

include conductive pads with conductive balls attached thereto.

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

dielectric tape.

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

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