-1 METHOD AND APPARATUS FOR DI ELECTRIC FILLING OF FLIP CH P ON | NTERPOSER
ASSEMBLY TECHNI CAL FIELD 5 The present invention relates to nethods and
apparatus for assenbling and packaging single and nultiple sem conductor
dice with an interposer substrate. In particular, the present invention
rel ates to nethods and apparatus for underfilling single and nultiple

sem conduct or dice assenbled in a flip chi"p orientation with an interposer
substrate. 10 BACKGROUND ART Chi p-On-Board ("COB") or Board-On-Chip ("BOC")
technol ogy is useMEFTHQPAND APRARAJIREOROPIELECHRISCFILLING O®Xarri er
substrate such as a print EHIRCHIF ON INEERPOSEBBAPSEMBEX i nt er poser nay be
enpl oyed and attachnent may be effected 15 using flip chip attachnent, wire
bondi ng, or tape automated bonding ("TAB"). Flip chip attachnment generally
includes electrically and mechani cpktmMNnI@atagling a sem conductor die by
its active surface to an interposer or other carrier substrate using a
pattern of5 di scr etBrequestotinvension relatastte methode bed spnaratustios asfemblieg and

conductive el engnts ar eneral .y dispose n the active surface ot the die
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of bond pads . | ocations) on the sem conductor die and

term nals on 1@%«%p0§é$sﬁﬁ%%tkét§ubstrate when the two 25 conponents are

superi npoged. The sem conductor die is thus electrically and mnechanically
connected to the carrier substrate b for example, reflowi ng conductive
bunps of sol der or curing conduct iM%ﬁWQ F-filled epoxy bunps. A
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15  using flip chip attachment, wire bonding, or tape automated bonding (“TAB”).

substrate for environnenta anc I

Flip chip attachment generally includes electrically and mechanically
attaching a semiconductor die by its active surface to an interposer or other carrier
substrate using a pattern of discrete conductive elements therebetween. The discrete
conductive elements are generally disposed on the active surface of the die during

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

25  components are superimposed. The semiconductor die is thus electrically and
mechanically connected to the carrier substrate by, for example, reflowing
conductive bumps of solder or curing conductive or conductor-filled epoxy bumps.
A dielectric underfill may then be disposed between the die and the carrier substrate
for environmental protection and to enhance the mechanical attachment of the die to

30 the carrier substrate.

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

appropriate adhesive, such as an epoxy or silver solder. In wire bonding, a plurality



a sem conductor die by its back side to the surface of a carrier substrate
with an appropriate adhesive, such as an epoxy or silver solder. In wre
bonding, a plurality -2 of fine wires is discretely attached to bond pads
on the sem conductor die and then extended and bonded to correspondi ng
term nal pads on the carrier substrate. A dielectric encapsul ant, such as
a silicone or epoxy, may then be appli ed%o protect the fine wires and
bond sites. In TAB, ends of netal traces carried on a flexible 5 insul ating
t ape, such asofdingovigasis discretehyeattachetdtodwnd pedyn thheemivondystarsiic aml thiondi ng,
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chip attachment due to improved electrical performance and greater packaging

density. However, flip chip attachment is not without problems, such as the high
cost for a third metal reroute of bond pads from the middle or periphery of a die to a

20  two-dimensional array which, in turn, may result in overlong and unequal-length
electrical paths. In addition, many conventional flip chip techniques exhibit a lack
of consistent reliability of the interconnections between the chip and the interposer
or other carrier substrate as a result of the increased miniaturization as well as
difficulties in mutual alignment of the die and carrier substrate to effect such

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

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

interposer may be undesirably thick due to the combined height of the die and
interposer. This is due to the use in conventional packaging techniques of relatively
costly interposers comprising dual conductive layers having a dielectric member

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

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



costly interposers conprising dual conductive layers having a dielectric
menber 30 sandw ched t herebetween, the bunped sem conductor die resting on
and connected to traces of the conductive |ayer on one side of the

i nterposer and electrically connected to traces of the conductive |ayer on
t he opposing side, conductive vias -3 extending therebetween. Finally,
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particular, the semiconductor die is attached face down to the substrate, wherein
conductive bumps on the die are directly bonded to bond pads on the upper surface
of the substrate, which provides the gap between the die and substrate. The underfill
20  material flows through the gap between the semiconductor die and the substrate via
capillary action toward an aperture in the substrate, thereby expelling air in the gap
through the aperture in the substrate in an effort to minimize voids in the underfill
material. However, such an underfilling method still is unnecessarily time
consuming due to having to underfill the entire semiconductor die. Further, the flip
25  chip attachment technique disclosed in United States Patent No. 5,710,071 exhibits
difficulties in aligning the conductive bumps with the bond pads on the substrate and
requires the expense of having a third metal reroute in the substrate.
Therefore, it would be advantageous to improve the reliability of
interconnections between a chip and a carrier substrate such as an interposer by
30  achieving accurate alignment of the interconnections, an improved underfill process,

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



requires the expense of having a third netal reroute in the substrate.

Therefore, it would be advantageous to inprove the reliability of

i nt erconnections between a chip and a carrier substrate such as an

i nterposer by 30 achieving accurate alignnment of the interconnections, an

i nproved underfill process, and the eli rH nation of the necessity for a

third nmetal reroute, while reducing total*-4 assenbly height in conbination
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i nt erposer substrate.” The present invention includes nultiple 20 recesses

formed from dretweamrd ssodcaiduethedieand risawisr sehshraterinthe farmd of ar nteyhosehe

dielectric la thereof to condugtive ele t.s i.n the fqrm of. copductive
termnal s or W 1?%%%051“3?*0}“3% e%sﬁﬁggﬁ%n%‘ﬁ&?ra%@?mf‘ﬁéhersgglé%o_élggcm%éfi%‘bﬂ'ﬂped in a
predet er m neccaf@G8E6strapRdridedlimihdialy (hOfdqaRaans Tosadsidandthlationtarstwelt &4 bond
pad, and hence conductive bunp, pattern or configuration of the bunped

sen conduét orredeing e dmexmduaniity of matraial reavised fos aptienal diekeelrid ncl ude, for
exanpl e, a si M%ﬁilﬁ]:i%gptﬂp gl?pa&gﬁl ??s%ﬁl§;>§§hﬁ@&%£8ﬂg 96?&“19}'7%%}&09”’ an | -shaped

bond pad configuration an
The flip chip semiconductor device assembly of the present invention

includes a conductively bumped semiconductor die assembled active surface, or
face, down with an interposer substrate. The present invention includes multiple

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

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

An adhesive element may be optionally disposed between the semiconductor

die and interposer substrate to mutually secure same, in addition to any bond

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

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



bond pad configuration. An adhesive elenent nmay be optionally di sposed

bet ween the sem conductor die and interposer substrate to nutually secure
same, in addition to any bond 30 between the conductive bunps and term nals
or traces. The adhesive elenent nay conprise a tape having a thickness,

whi ch may be used to provide and control a vertical standoff between the
active surface and the interposer substr&te and to -5 increase conpliancy
of the attachnment of the sem conductor die and interposer substrate as
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increasing the overall height or depth of the flip chip semiconductor device

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

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

20  still be substantially completely received within the recesses, but for the small

vertical standoff provided by the tape.

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

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

30  higher melting point metal or alloy bumps may be provided in a conductive paste in

the recesses or on the bumps, after which the die may be aligned with the interposer

substrate and attached thereto. In addition to enhancing electrical connection



25 to the termnals, or by other techniques known in the art, depending
upon the bunp material selected. Further, a conductive paste or other
nonsol i d conductive material may be provided on the bunps or within the
recesses prior to disposing the bunps in the recesses. Alternatively,
bunmps in the formof solder balls may be disposed in the recesses prior to
alignnment of the sem conductor die with the interposer substrate, or 30

hi gher nelting point metal or alloy bunps may be provided in a conductive
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the recesses or may comprise slots over, or laterally offset from, the recesses and in
communication therewith and, if offset, a side of each recess being open to the slot.
20  Inthe first and second instances, dielectric filler material may be introduced directly
into the recesses through the gaps between the sides of the conductive trace
extending over each recess and the periphery of the recess wall adjacent the trace.
In the latter instance, dielectric filler material may be introduced into the slots to
travel laterally therefrom into the recesses. Further, if a vertical standoff is
25  employed between the interposer substrate and the semiconductor die, dielectric
filler material may be introduced through a slot or other opening through the
interposer substrate in the center region thereof and caused to flow therefrom into
the recesses through the mouths thereof, even if not in communication with the
opening, and to the periphery of the semiconductor die (if desired) through the
30  standoff. A solder mask applied to the side of the interposer substrate facing away
from the semiconductor die for forming solder bumps on the conductive elements of

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



In the latter instance, dielectric filler material may be introduced into

the slots to travel laterally therefrominto the recesses. Further, if a

vertical standoff is 25 enpl oyed between the interposer substrate and the

sem conductor die, dielectric filler material nmay be introduced through a
sl ot or other opening through the interposer substrate in the center
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el emrent may b i . A I kP sem conduct or devi ce assenbly.
In particul are?lc?%sg&hgg?&i#a?pgﬁg gtrelléeff)eé %étamay be included on the surface
of the interposer Iaunstheabspettaditegpreseat inventian adeatttomsfidr elemehtemacbé ve

surface of the semco ctor die, .or the back side of _  th i duct
G Such hedbehigh BB SN B G ApaTs meOsREr Hetngt © ©"
tenperat ufse Ofafshe e%ﬁﬁﬂe\“ mlay b $nditiled oﬁsthéh QirPlc8YLiHe iﬁt@ﬁfogﬁ!suf)ﬁfaitegféeingﬂgf flip

chi p sem conduct or ce assenbly of the invention may include 2
unencapsul at estmsemidocoddict the adiie; suafapaof thas¢ryicendusty diaoe thedwek sidnafict or
die, or

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

semiconductor assemblies.



a fully encapsul ated sem conductor die. The interposer substrate of the
present invention may al so be assenbled with a plurality of sem conductor
dice at a wafer or partial wafer level, wherein a wafer or partial wafer
including a plurality of unsingul ated sem conductor dice is attached 25
face down to a |like-sized interposer substrate with bunps on the wafer or
partial wafer subnerged in recesses forr®d in the interposer substrate.
Filler material may be dispensed through openings in the interposer

substrate, after wWiheitdrhReMaibeirat® mayRRthbridatoidtdh a@raﬁibi&ﬁl%ﬂa%ﬁauéiﬂgst rate
may be diced intg individual flip chip sem conductor device assenblies.

Encapsul at i or? figiblseligestiomendene condustivp meniber,lap adsiveton the fiemibler | evel
oSl eo. - Qelebi TRorhs andh \HIpBRAR LYY 2 ohii it ettt ‘P AP oxi b o

assenblies. - i nt'erposer "su | exi bl e

mat eri al i ncldielietigic neerfibeg xidyl contpriet £ polyiraidagayewhich (VoY el soRIcFRIABEr . an
adhesi ve g} the flexihle dielectric nenber and a sol der mask over the
conduct i ve neitlthe cprdugtive mamber therebebraen; dhasapdictinamenbapeompaisas pol yi ni de
| ayer which ' e tive e [

t her ebet menﬂYaj?;t'ﬁéﬂ ‘??r? h%gcttlﬁ’\g/ (Italqrgri@sntggﬁ éﬁc@rrég? lﬁlgéépgc&g@ e lﬁy%rfcalégeﬁﬁ’ﬁl ctP? ve

traces for nedldxpbletdhictic mEmbecargiyeintivg tlaegsem thaflexibld divledthie mebdbexi bl e

di el ectric menmber or b¥,priq%ing tracei on the flexible dielectric nmenber
usi ng conduct A8 SoRRuctivedRls lapcsends nay be eplarged ey therintended; lngatioaz af thecat i ons
of the recesgessdsdodsfihd'PaddFGiSihE Vrmida® | ] may
ext end therefronffoololen arged bunp padgﬁi?%ggkgﬁgaggg%gﬁm%%@gﬁgPnation of
ext er nal 1ondundargedburhie padstsized tahé plaoed foo foromtins of externtbeonitgdtive-clanaits

packagi ng. The recesses formed, through the flexibl ielectric
nmenber from [}ﬁgegﬁg}racg%mt%ﬁé? _g(’g}?]gg?fggﬁlﬁ’éc g 'c'[_g’ﬁd’iﬁ?fqet?g‘ POy et chi ng,
mechani cal  drthtduigh theoflexiihle @lbldigric EmbaSEsm MR Rifab8ithereth8hRisile gRCN Of the
recesses extends to a termnal of a conductive trace and is sized 15 and

confi gured t FOPEREivganembes by gtehingemgchanicsl driliag oe pimabingu ot bserdblatioihe
flexible di glgalini6HEFRE gecg?%% %Ltgﬁ)dsqg ta't@&?':il%éﬁé@&{dé'@ﬁﬁa g%?agl? éggt?c%dﬁ rned

conductive | ayer thereon over e surface o

menber t d5f acmdtchafigetd aoreddieé atondiictve Biligp bNthe s@aRBAd WIS, i Dixiblbe
present i nvegchi on .na | so be formed of other interposer substrate
material s sucHelgerig &E1 alsprptiprallyrinelude mpthar piteraedcandctive layer

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

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

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

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

25 Other features and advantages of the present invention will become apparent
to those of skill in the art through a consideration of the ensuing description, the

accompanying drawings and the appended claims.

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

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



20 ceram cs. |In another aspect of the present invention, the flip chip

sem conduct or device assenbly is nmounted to a circuit board in a conputer
or a conputer system In the conputer system the circuit board is

el ectrically connected to a processor device which electrically

comuni cates with an input device and an output device. 25 Qher features
and advantages of the present invention wWI| becone apparent to those of
skill in the art through a consideration of the ensuing description, the
accomany! ng ifsaitefian #139 bk RScARRRARh Bk 3b1BwinBRE&ERpREPERE ThvehtiGr THE
DRAW NGS 30 Ile the specification concludes wth cFalnE particularly

poi nti ng out vehwa reatl iptdonpmttjorcwith theragcotmpanyig dhwingsywhereided as t he present

i nvention, the ad tages .of .-.9.this invention may b certained fromthe
fol l owing descri pj\[ﬁ@n?gsfaflﬁ’é’_hﬁﬁ@i%‘f%w °¥%€He?8%?a¥??f%8% ARETERRi th t he
acconpanyi ng tgé2i i dentéhRvebdhifightddon hedording 36 tHel grésefitint&ition ew of an

i nterposer substrate having recesses therein in a center row configuration
accordi ng5to the gJil6seéAtis pnimmifiedbottempiiey of anpthey inferropgs|spbsteate desteom vi ew

of another interposer substrate desj o) ter r.ow configuration
accor di ng to%ﬁ%Qﬁﬁgsrg‘ﬁ’_tcopﬁ%rﬁﬁ?%%?co%}@ IOZ&I? greggﬁs}inr?r‘fﬁnllglzged cross- sect i onal
side view taken alfiGg2lid Asimplifietl Brdsb-Gectibnalfside. vidwitskea afoingine 2+ 21h
cross-sectional side view taken along line 3-3 in 10 FIG 1; FIGS. 4A - 4C
illustrate aflGaderposer substrate and a method of forning recesses
therei n according jp, §4e, BLEGA lSWSHAN < fd By cnalot tinkhupty at e

anot her interposer 'substrate and a nethod of ~formng reCesses therein
accordi ng0t o Ellge 1present invention; 15 FIGS. 6A - 6B illustrate a first

nmet hod of mounting_a sem conductor die face .down tqQ an Jnterposer
substrate in a fligECntp-tAfpllusiEsic ap HIErPPSsT Smﬁlﬁé‘na?s"é‘ﬁh?‘ip{@%ﬁ‘lgdi ng to

the present i (Y o EIN : } a second net hod of nmountin
V&N R ein dcgﬁg\l,r\#to'thg ebdnt HSEARE g

a sem conductor die ace 0 an I nterposer substrate in a flip chip
sem conduct or devil&SasaenfDyllustrate another interposer substrate and a method of

forming recesses therein according to the present invention;

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

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

20  according to the present invention;

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

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

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

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

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

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



20 according to the present invention; FIGS. 8A - 8D illustrate a third
nmet hod of nounting a sem conductor die face down to an interposer
substrate in a flip chip sem conductor device assenbly according to the
present invention; FIGS. 9A - 9B illustrate a variant of the third nethod
of nounting a 25 sem conductor die face down to an interposer substrate in
a flip chip sem conductor device assenbllg- according to the present
invention; FIG 10 illustrates dispensing filler material through an
opening in an i NtEKPQSeNuskeRS bicddss-sbdlioRall diddviewioP a IRFLIEBREHLbRIuASRVI Cce
assenbly according to the present invention to fill recesses therein; 30
FIG 11 il usdevipeasseainpsinding shbea trarsfercadenent egording to thegrdseitp chi p

sem conduct or; deyi ce assenbly and attaching the flip chip sem conductor
device assenbly actording to the present invention to another substrate
via sol der balls; FID 1FliG siplified gt view ©$ a 8edond eah58RAdn0OBAdn Biedisosyi ew of a
flip chip _sem conductqor device assenbly including a heat transfer el enent
accordi ng o %“Eémé‘? Badng recpsseetheredhin amepger pad penfigusatiop) acepring toghe/i ew of a
second enbodi L. nterposer 5 substrate having recesses therein in
a center pad ﬁgg%hgl&?gﬁnén, according to the present invention; FIG 14 is
a sinplified crossklSed#iomsinplifidé crosevectiaka Bidel vidvg tdkemalohdind 1414 iffl G 13,
illustrating ges between multiple openjngs and respective recesses in
an inter poserﬂgﬁigtlﬁﬁft&“ng@@??ﬁ%‘?sr?@t ‘E?ntnﬂ‘gltl OPERNLS IAIRTRCEHVE IEERSSESAN 15 i s

a i mpli T 0 grigRsSBeiboRal, Lofingis W @k@nehoBihl Ne 15-15 in FIG 13,

illustrating the adhesive el'enent on the interposer “substrate and the
conduct i vid el enentlGotlS igwesimplified omes-setibsal siteerjevatake rilingdint d 5¢113én pr esent

i nvention; FI Al lustrates.a.sem conduct or die nounted fgce down to an
i nt er poser sﬁgsgfs’alklgs%imgﬁ?ee QS%H%I‘[’T«SWS’&%‘T ﬁfnt?rHO%FrF'itﬂ?SHa@rﬁng-ﬂ?%/pe

sem conduct orcof@idtize elémentserthd tapsherliiRRie] Gofdidd B thdHesnt fvehdiPuUgh an
opening in the interposer substrate to fill recesses therein, according to

the present i nventllén16 fiustratey ajsemicondustarsliemonpisd fage idagndo se mriterpostact or
die in a flipygitRs b¥RE second embodiment in a flip chip-type semiconductor device

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

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

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

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

25  present invention;

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

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

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

according to the present invention;



assenbly and the flip chip-type assenbly attached to another carrier
substrate via solder balls, according to the present invention; 20 FIG 18
is asinplified top view of a third enmbodi nrent of an interposer substrate
havi ng a channel and recesses therein in a center pad configuration,
according to the present invention; FIG 19 is a sinplified cross-sectional
side view taken along line 19-19 in FI@1-18, illustrating fingers and
recesses in an interposer substrate, according to the 25 present

invention; FIG 2GGSoRilfisiiks & sdth1Hea35p 9iRG1dran dteposte sibemid GHeaRird! ong
line 20-20 in FIG 18, illustrating the channel adjacent a recess in the
i nt er poser sspstodiment moaotedrtdiasgmicondyntorplie semflip ahirehipe assenblyzand 1

illustrates sem conduct di e, nount ed. f ace . d o an.interpgser 30
substrate of RGN FRIRG Brdlet waistal frorep e sl e chutl mrts g hERE o
assenmbly, aGRRffHs@GubSrdtd'® fll fReks hetedt) lacUiding 1d telpgreseRinvédtiont r at es a
sinplified top view of an interposer substrate of a third_ enbodi nent

nmounted t&§ a seni ddFdREilbistraiesenqapsplatingsn semigandyefer disde abliy cipdypredepi ct s
di spensing fil]er i8] [ C ghﬁ@gﬁ in the

i nt er poser suasséet%%balt?gﬁ %’e?lllP Hﬁlp 2&@%@%&?@?@? ﬁ%sglglcl:) or di nééi t%%h{i‘@gr pr esent
invention; 5 dubskrate?GaisbldesbdlB] &goriigtiehié plekdi ivefioh;conductor die in a
flip chip-type assenbla%éand the flip chip-type sem co&fluct,or assenbl y
attached to anot hdllCSséhAr 24Bdllystaatepmgod phpsssmblipg hedlin ghipdyphe present

I nvention; Fls%ico%ééttbr gsééni)lglr%gﬁ/rﬁgl%% ﬁgﬂﬁé&%ﬂﬂin‘aﬁmﬁﬁsﬁ qRVfGdeddre Flip

chi p-type sem conductor ass cording to the present invention at a
waf er | evid , vikkereineFK:. R4ARIGtra2ebA whferipositiined facewlairarprivo$o béingetthchede down

prior to being attached 0 an jinterposer substr o) resent

Pivent i on: - ar ARHESTPOS b oL Bepert ousnte: S48 FIGrAAD HsEPGRMR " ne

i nterposer subgtidtfBce ddvid todRe idtérpdder 3iRGaR; Si mplified top view of a first
. pacT s

alternative interposer substrate having recesses therein in an I-shaped
configuration, acddfd2hgllustratehe simplifaddspmicw of\aclirst aliernadveintorposdr| ust r at es

a sinplified stu%Etra}‘{eI: EE\II{I/iI‘?é reeRes t Qpeir? inta%rlgs%%béﬁa coln%tggrra 18151,earccording to the

15  present invention;

FIG. 26 illustrates a simplified top view of a second alternative interposer
substrate having recesses therein in a peripheral configuration, according to the
present invention;

FIG. 27 illustrates underfilling and encapsulating a flip chip-type

20  semiconductor device assembly having the second alternative interposer substrate
design, according to the present invention;

FIG. 28 is a simplified block diagram of the flip chip-type semiconductor
assembly of the present invention integrated in a computer system; and

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

25 anonflow dielectric filler material placement.

BEST MODE OR MODES FOR CARRYING OUT THE INVENTION
Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It would be understood that these
30 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



substrate having recesses therein in a peripheral configuration, according
to the present invention; FIG 27 illustrates underfilling and
encapsulating a flip chip-type 20 sem conduct or devi ce assenbly having the
second alternative interposer substrate design, according to the present
invention; FIG 28 is a sinplified block diagramof the flip chip-type

sem conductor assenbly of the present i-h¥%ention integrated in a conputer
system and FIG 29 depicts an approach to inplenentation of the present

i nvention usigtBerwzd b possible W dditRInglt, leleindnitd ARl fefBies chb@dnopR6AR e BEST
MODE OR MODES, FOR CARRYI NG, OUT THE | NVENTI. ON Enbodi ments of the present

i nvention wi |rawleigusssigieindhe sune pupedcahdesignaiprr ence to the acconpanyi ng

d i ot I S . t . 30.4 |4 ' re not to be
Chken 95 act uar vitaes. SAIEOAANE bR acpRES Sinifirled W bLAMASEA L "0 L0
i nventi on, bubtegrasemsmbstrate &kEaml aaroylgitlhﬁmlIsécitie)da]r‘ﬁaweﬁ‘ﬁairﬂérbosﬁs (irzrpl oyed to
learly and fu . depict,the present invention than m ght -
2? Lgr \(/:VI gg SbZ Egtgqt%h L‘?IISRB‘%JF?LB’nQWI p,t ﬁ@‘@ﬁé‘ht“sﬂ%ﬂme pubstratecwhisB Md¥n bet ween
“be P : . ! . .
the drawi ng jhijaud £aieleidd dibkife gﬁ%eﬁmd%roéﬁﬁbg%%&%sk ST and 2,

respectively, depict a sinplified top an view o I nterposer substrate
110 and a | ondjélectdc mabstrateanémbel 1 1V ineay. define aifmstenfosel] 2o shebistetmiser 110 i s

f bly, b t. limted t a flexible bstrate, i C y, include a
i ol cctri o ool LG BF saidlr o 1Tt s e uitoeralls o s ' The
diel ectric subgtpatesubbiier 101l my define a first surface 112 of the

i nt erposer substrate 110 and the sol der nask 118 may define a second
surface 1P4 of t helhejinteamraserswbstzaid st map be fgmed Gronhany knoaympabstrate ubst r at e

110 may be f fran trate terjal an@is referably
formed of, b;'/&1 %galoamggx%%elr%?}?g@%%ggi qyew?ya?#%ﬁ?lg_ > a flgx }?elﬁmg“ra?eﬂol yi mi de
llayer, such aslyRérldrotyimideriaytcsach by UBHEEX@dptntedy Whddindudfiest Dyd. adrher
pol ymer-type layer. The interposer_ substrate 110 nay al so be made of a

bi smal ei ni de #Wio%5r RYSTYYReJayH, Thrinferppyer substraterhi Dimgayealest bempda et i al | y
nonflexible hgniBiGad ﬂ'lazin%"(ﬁli*) ARin?FRY, #R SCOIOa[nye[%)e?((yf shggqtluptially nonflexible

15 material, such as a ceramic or epoxy resin.

According to the present invention, the first surface 112 of interposer
substrate 110 includes multiple recesses or vias 120 formed therein having
mouths 120m opening thereonto in a preselected pattern and of a predetermined size
and shape. The multiple recesses or vias 120 each include a conductive pad or
20  terminal 122 at a bottom thereof. The conductive pads or terminals 122 are
interconnected to other conductive pads 126 on a second surface 114 of interposer
substrate 110. Such conductive pads 126 may be substantially directly below
conductive pads or terminals 122 and merely comprise an opposing surface thereof
or, more typically, the conductive pads 126 may be placed at various predetermined
25 locations laterally offset and remote from their associated conductive pads or
terminals 122 and electrically connected thereto by conductive traces 124 (shown in
FIG. 1 in broken lines).
The multiple recesses 120 are formed in the interposer substrate 110 in a
preselected pattern to correspond with a bond pad configuration formed on an active
30  surface of a semiconductor die intended to be attached thereto. For example, FIG. 1
depicts the multiple recesses 120 in a centrally aligned, single-row configuration in

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



According to the present invention, the first surface 112 of interposer
substrate 110 includes nultiple recesses or vias 120 forned therein having
nmout hs 120m opening thereonto in a preselected pattern and of a
predeterm ned size and shape. The multiple recesses or vias 120 each

i nclude a conductive pad or 20 termnal 122 at a bottomthereof. The
conductive pads or termnals 122 are int{grconnected to other conductive
pads 126 on a second surface 114 of interposer substrate 110. Such

conductive padhotdCdRYRRCRIREL AL bohudily SEdcH, RRbRWonaRAdyGd | ve pads or

terminals 12 merel'y conprise opposi ng- suf e thereof or, nore
typi cal ly, thenfiqnatitat whieh pal e hithie fiely iHestpitatleeadter.v Qtlicopesgleedét er i ned

25 locations laterally offset and rempte fromtheir associ ated tive
pads or ter PRHEPS DY2PVaN XM anﬁég‘ﬁvf%g@?éﬁref#érc%@g%@n @E‘ggﬁjve
traces 124 ( %t?gwgri*)ﬁkral'ﬂs&ss éodfggoupdft%qpld}.' 85 NowelBe tHE-ﬁrlééeﬂ{ RveRfRsass 120

are formed in t nterposer substrate 110°in a preselected pattern to
correspond witieladaptbd tochnyaedcase nénfiguraitonda nfateheith any partiewarn, desiredbosdir f ace of

a sem conductor, dig intended,t.o be. attached ther . For .exanpl FIG 1
dept ct s tho ol ePpfairRisodsadoion hAmyAGln feites PP mel Bh SRR & o

confi gurat i ongyjthble sKHpB! FUER 8§ sPMRS réctdnBulb? Bnd Skllar CATH h@pindhude fapefedmade t o
correspond and attach to a -13 bunped sem conductor die having a centrally

al i gned, si ngide-walls sodhat theaepeningaor mouthsios thekeasesviZ0larglargep thanthg | y
illustrated qjereaf el e her preselected patterns, by way of exanple, may
i ncl ude an |-é’ﬁt8518 Feless confi guration (FIG 25) or a peripheral recess

confi gur goi on (Fl Gt wibhs obereden FIGhethat emdoétivertiesd 1 Dnexwand debe adapted to
any recess configuration to match with any parti C,%| ar, desired bond pad

conf i gur at i orfecassesddfliand a1y optienaty exiqndgherebeyend desiredpr 5‘3"“1‘16‘?41eq in any
sui tabl e shapgy,. (;ﬁfg'f (%%dﬁ&t‘{%rt ced £ B Afic ﬁﬁgtrﬁﬂern?é#ﬁl?cﬁ 11RN@oARiktivec! ude
S a s of t

tapered side wa SO t t he "openi ngs or nout e recesses 120 are
| ar ger than tgads obethimals 2Bensofomplételytcower the bettahs ef reechsésnl 2BloG asl t hat

conductive traces 124 extend over recesses 120 _.and opti.onally .extend
t her ebeyond, eP‘%"é’s‘PrFéﬁ; E’flﬁﬁ‘y R PRIV thaé‘pfﬁ%“é?%r}‘z@@t %%HB‘F’?&@W?&%@HM to
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conpletely c e bottons recesses 120 or, a '
implied above, the conductive traces, which may, for example, comprise copper or a

copper alloy, may be adhered to the dielectric substrate member of UPILEX®, BT
resin, FR 4 or, FR 5 laminate material, or other substrate materials, using adhesives
as known in the art. In some instances, the material of the conductive traces may be
20  adhesively laminated to the dielectric substrate member in the form of a conductive
sheet, the traces then being subtractively formed from the conductive sheet, as by
etching.
Further, interposer substrate 110 may also include an opening 130 (shown in
broken lines) formed thereacross, the opening 130 substantially extending along a
25  longitudinal extent of the centrally aligned, single-row configuration of the multiple
recesses 120 from one end of interposer substrate 110 to the other. Opening 130
may be formed wholly in the material of dielectric substrate member 111, or may, as
shown by the broken lead line from reference numeral 130 in FIG. 2 and the broken
lead line from reference numeral 130 in FIG. 3, be formed in solder mask 118. Of
30  course, opening 130 may be formed partially in dielectric substrate member 111 and
partially in solder mask 118, as desired. Opening 130 may be formed to align along

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



depicted in FIG 1, may be narrower than recesses 120 at the bottons
thereof so that 15 gaps 121 are defined on one or both sides of conductive
pads or termnals 122. As inplied above, the conductive traces, which nay,
for exanple, conprise copper or a copper alloy, nmay be adhered to the

di el ectric substrate nenber of UPILEX(r), BT resin, FR 4 or, FR5 |lam nate
material, or other substrate materials, 44fng adhesives as known in the
art. In sone instances, the material of the conductive traces nay be 20

adhesi vel y | atpeniigeidof BIG.Medepictd £6i0bd-Secioh ik AKBEABRS 1ihdd XD Frim of a
conducti ve shee}, the traces then bei ng subtractively formed fromthe

conduct i ve sheééfllusgatedyopepingr 3 dnclyres ndtiple pegnesnirokds eaohissgmentd 3210 nay

I includ j | k [ f dth ,
The openi ng. 190" ShacAReEitpy R yldha BRI MR FGetonE (Bt ot o

the central | yFatliegreach segnregt 832 svshoonfekgudaslonsthRiaxishd opthihi D@t £68SSes
120 from m end of inEer oser substrate 110 to the other. Openi ng 130 may
be for med whoPat§or Af ¢agh ofithedpsesses R0 dravreyet, thesegmsats 32 mavwnisad and be or

may, as  Showshskionbd &off QE%P%ﬂr%?gg%d {0 fecQTLd ?i(Fﬁl%@g%}nwé%'?}ng} n FIG 2

and the broken lead |line f erence nunera f or med
in sol der maskampl:, adl addepicied BeEIGo pANopeyirk3IB0nmYy bwnfprisematbt patailal |y in
dielectric substrate nenber 111 and artially _in solder_ mask 118, as
desired. Openf _6{ %@’6‘ rﬁ%ﬁ?“ﬁe‘#’o?’h’éﬁ a’_EeotB%‘PF"éYFSQ%Q%d belngerstipgesy bd frécess

conf I gur at | onflexible dieldotShaRBIrAL nReeP NS Bhich Wikt &f odehlrd 3033 shdthn,
opening 130, FIG 2 depicts a cross-sectional view takKen along I'ines™2-2 in
FIG 1. W& iconduetivgtteages Bderritond at®ss pproinglE30, aud sdlidrenskdi®ooeerd @2, each

segnent 132 t i tween. separ.at e,j ndi vi dual recesse 20 of the
nui tiple rec eegfs(fl ?ﬂ?%%et%%{fﬁfﬂgwg SCRe Sé@ %%Proyggnga@ ?ﬁ&\?ﬁﬁéé?g‘r‘?&é al ong
the axis of opiddi PpEBRgta0 dosinderfiliROpirheRsof each of the recesses 120;

however, the segments 132 may extend and be positioned fromthe opening
130 to the recesseko iwier Bugise epgning)] 30, Fipnkis.a qross-seeticnabview talred as

depicted in E C i 1 i l ot J.at eral.l ffset from
recesses 120, dl%ﬁ 1(k:lﬁS é?’?j;gﬁlggmsl e %@%*?g%‘%qﬁ%é&ﬁ‘g% %%%xq?ﬁ\%ﬁgecbﬁmp ?heof

f1exi bl e 1di elrecissdsd 26 dxs} intt the g ef tht Hiawihjz Shect. €S BhsHeRing@ ! 30 REgHoRG a530.  As
shown, 10 cnglucti ve tracgﬁsglm extend across_openi ng 130, and sol der mask

118 covers t HEVIngafalstl pyidthsmalier an thejrasnrses d 28aaver. teoonsangpraybedi ng an

enhanced depts’i‘zeﬁ%ﬁbstantially equal to, or larger than, the lateral width of the recesses 120.
FIG. 3 also depicts conductive pads or terminals 122 at the bottom of each of the
recesses 120 interconnected through conductive traces 124 with conductive pads 126
20  exposed at the second surface 114 of the interposer substrate 110 through solder
mask 118.

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

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

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

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



wi dth to opening 130 for underfilling purposes. To further illustrate
opening 130, FIG 3 is a cross-sectional view taken along lines 3-3 of
FIG 1. FIG 3 depicts opening 130 extending directly into the 15 recesses
120, i.e., into the plane of the drawi ng sheet. Such opening 130 is shown
as having a lateral width smaller than the recesses 120; however, the
opening may be sized substantially equal5to, or |arger than, the | ateral
wi dth of the recesses 120. FIG 3 also depicts conductive pads or termnals

122 at the biiphpeato afelloRbs 4 Bficer REREGESschrBorldatPOF aRMHAGGAIBEOEI OUgh
conductive traces 124 with conductive pads 126 20 exposed at the second

surface 114 chbstiate | ittempoddes a sentisalstandoff tieerebatwerprorde cemirol thedgererid. FI Gs.

1 and 3 al so.depict an adhesive el enen 16 di. . LI Sthgsurface
115 0f the 1 iverisiRPufiilFE peS cETeEh RS RUERARAE; 8 b Socpeief 120
preferably di spoggdSonAahdagh 40depict 4 pRcédsithdt ntdyrfeased fokZowfing ke

I nt erposer substrate 110 that is 25 ad]jacent but separated from each of the
mul tipl e Secasessses120 in thedirsiawefass,/ bl2 of intemesersubstragsg | Hb BIS, 44 depiohy e
adhesi ve mat e[ ] L . . art g . Vi i,c, or other
i tabl o adnadieliosEmERaRE L kit dae Rl AR mBRREATI AR
limtation, @opohydomtladaivedper faatcdnn aomibfass thereofiatibd prosicties sdaldar eof wi t h

the exposed surface (facing away fromdielectric substrate nmepber 111)
bei ng cover ednad MBdarmednvst thercopdugtive dayse %Fle&tﬁf’is}‘bﬁ’@%ﬁ@ﬁ & h1d 15

sem conduct Orpérgliefa(l)ai}sa ﬁ@)ﬂﬂierlﬁéjteri%l,sﬁﬁﬂ a8 HISDbVE I BB eI 1aminkfcg! er abl y of,

but not limt .o a maxi num 25, um thickness. As descrlbed In nore detail
| at er herl®i n,podythershaterialoe pelyimiliedayenybub eray bsoenghdyesibistanfiallict i on as a

spacer between sem conductor .djie and,i nt er poser ubstrate 110 to provide
a vertical st%‘i‘glﬁﬁ"ﬁgt‘ﬁ%tfﬂéaet é’ﬂ“%‘?l_cf’ﬂd‘bc&‘f? ﬁ%’fsr Fﬁé?fglc?gfye PRFT: Of ?\g‘@’rptef)on of
conductive buiRs, GRhidyast &Y shiighls SRtERANHEI MlctiletnAtBlisl. The®saSH 120. FI GS.
4A through 4C dépict a proCess that may be used for forming the 5 recesses

120 in the ficontudiveflayse mayzoniprisneandpetivertrasgsh $24 extendingbetween copdueldysi ct s
PO Uil Asu s S OBHIAS DL TRARRGy L1, i o
sol der magk lifel 07 Rdy BY Grnidd®yaaadingtdnd @tdhayees botidhem@tatbesildyl ¢ substrate
menber 111 is preferably a flexible material, such as the above-described
f1 exi bl e | ani $eadeetive layer or, alternatively, the conductive traces 124 may be formed by
printing using conductive ink, or otherwise formed using any method known in the
art. Once the conductive traces 124 are patterned, the protective solder mask 118
may be formed thereover.
20 FIG. 4B depicts dielectric substrate member 111 with one of the recesses 120
formed therein. Such recesses 120 may be formed by patterning, utilizing a
chemical wet etch or dry etch, mechanical drilling or punching, laser ablation, or any
method known in the art and suitable for use with the type of material employed for
the dielectric substrate member 111. The recesses 120 are preferably formed to
25  expose portions of one of the conductive traces 124, such as conductive pads or
terminals 122. At a bottom of each recess 120 and, for example, at the location of
each conductive pad or terminal 122, additional conductive material may be placed,
such as gold or eutectic tin/lead solder, the material selected being compatible with
the conductive material of the conductive traces 124 and with the bumps of a
30 semiconductor die to be mated with interposer substrate 110. FIG. 4C illustrates
that the walls of the recesses 120 may include a conductive layer 123 formed

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



10 polyner material or polyimde |ayer, but may al so include a
substantially nonflexible material. The bottom conductive |ayer is
preferably copper, or a copper alloy, but may be any suitable electrically
conductive material. The bottom conductive |ayer may conprise conductive
traces 124 extendi ng between conductive pads or termnals 122 and
conductive pads 126 (see FIG 3). Such cdfductive 15 traces 124 may be
formed by nasking and etching a bottomnetal or alloy conductive |ayer or,
al t er nat i vel yfor pteeticcoosfthie piegent timaatsn, Faéheandhe showaoFIns. 4Brand4iong usi ng

conductive ink, or ot herg s%if ormed using any nethod known in the art.

Once the condGEFSFENEY Bt »ithlargs mauihisri@din whigh tanst 0 smalles bottan. mask
118 nmay be f I : i.CE: i . j t.
romber 111 i L s aE ey oo gt e RS ochify Rhhigho IbUAE |5,
may be formedhbyrtpatterning, utilizing a chenical wet etch or dry etch,

mechani cal,. drilli unchi aser abl ati.on, or, any . nethod known in
the art ar‘?d sui taBlIgIgg 3?\ tﬁ?élga/igprfleﬂféaﬂ’fﬁﬁésso?m terthafidepisisd gpd descpbed ¢ he
di el ectric suRFUGS! SA MBS Todihg rddeSsct $ERSES fild Quds& 1@@%%&&@1?%1‘ ormed to

25 expose portions of one of the conductive traces 124, suc s conductive
pads or ter njubstrae 1b® witk the agditionnf afotheaddyer, momsly, 2 3€coaddonduwtivexanpl e, at

mteral mmy BETgRacBaRnE R I S AR st GD et vl Lofootriaepl ane
material sel efppél dreopPeratp dlyehbat Mhy Be ahyeiiGBRAK iy WBiRIcta of the

conductive traces 124 and wth the bunps of a 30 sem conductor die to be
mat ed wi t1 i natepdsand may ke paftesnedwith fracss, dppending on thetneeds ardat t he wal | s of

the r ecesseseﬁ%%tr%éiéﬁ%?gﬁig‘g;ﬁp%%g&{dﬁa& EPACTS &Jhi% t&ogr}qgr%ﬂset hereon, for

exanpl e, by owever, ‘such ot required -16
for practice sbsttdielpl Batathedn Fé@! B depittskédoad camdliceise BenIDsi pattbine®$io 4B and
4C, recesses na%e[?e.fos:éced with | arge nouths_ 120m which taper to a snaller

bottom  Such*PRFRIHSRiyIdec e sybsiatemezbesd | Lshats themcessps Blare ki by
techni ques asfokRgyshd éﬁbst%ﬁ'@al@gettcheé _bg%léﬁor{lﬁﬁ&i:%%g&g %téa J%%g{;kﬁ—ies A leOCcess

simlar to that depicted and descri orm ng
recesses 1620 tegess hwuflisr gts showhaiw EIG 15, afredest E2(pissken fosmdbinrtad expbd€@] wi t h
the addition ;g)thigxpsO(;[f r}1‘13erlecltr{il‘}/ ng’stergrrgieelnYBer ?1 Isg}(,: gré en%i%gldlejlectteitc;fleor dry etch,
mechanical drilling or punching or laser ablation; however, the recess 120 may be
formed utilizing any method known in the art and suitable with the type of material
employed for the interposer substrate 110. The recesses 120 are preferably formed
20  to expose conductive pads or terminals 122 of the conductive traces 124, after which
additional conductive material may be placed over the exposed portion of the
conductive pads or terminals 122. As before, a conductive layer 123 may be formed
by electroless plating on the walls of the recesses 120 so that such conductive
layer 123 contacts a portion of the conductive pads or terminals 122 of the exposed
25  conductive traces 124, as depicted in FIG. 5D. As shown in FIGS. 5A through 5D
in solid lines, solder mask 118 may provide full coverage over the bottoms of
conductive traces 124 or, as shown in broken lines, may include an aperture or
apertures therethrough, for example, to provide an opening 130 to expose the
undersides of conductive traces 124 at the locations of recesses 120 or otherwise, as

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

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



| ayer 125, as shown in FIG 5A. Such second conductive |layer 125 is
preferably a copper or copper alloy |ayer, but may be any suitable

el ectrically conductive 10 naterial, and may be patterned with traces,
depending on the needs and requirenents of the particul ar sem conduct or
die to which the interposer substrate 110 is attached. FIG 5B depicts
second conductive | ayer 125 patterned tol7expose portions of dielectric
substrate nmenber 111 where the recesses 120 are to be forned and

substanti al | )&nﬁkﬁil%@f&@%d@ﬁ:ﬁ&gkta?gﬁm{oﬁp%%& 181) 3bldePmAgal isss eﬁh&;l&y@«% 15

recess nouths. As shown in Fl a recess 120°is then forned in'the

exposed por tii may nefelybe lavinated te dickcirntsebstmtbmemberl dy a cheni cal wet etch
or dry etch, nec ical il 1ing.or.pbunchi ng or Jaser abl.ation: .hgwever,
Che racess 120" may IS b bdertl bR Sty e el ARRS R FE tfhog N oG

sui table wit hnéﬁtﬁin%)éﬁ@ bBAdiAR iférpader sEBERLRYIAY tb @kerhitOnduti& O 85U insiMldipt r at e
110. The recesses 120 are preferably fornmed 20 to expose conductive pads or

t er m nal s 512xhig-typhscwisatdustondsvice assembly 160. FlGe pAvilngiratesgheifirst onal
duct i ter | h ' :
Comduct | ve pauEbel (IR REBLASES P[0 WIS UPEERS Bt Rl Beise,

conductive pad% erm ive

formed by elgidri@tiRSsseptdy tHegeodn Sthondhdier dié 1 5mcldeeasadivé 20kfse 1t5hat
such conductive | ayer 123 contacts a portion of the caonductive pads or
termnal s 122engfa hagk sidg b serdace 184 cubeiaithe ective surdaceP2 ingludegapluelily ofn F G

SD. As shown 4 4Rl E5 585bbéahné Qg cﬁﬁ)y cérﬂiu?mfé ﬂlr%éjsnﬁ%’thér%lg €6y ﬁd&cjci%e may
provide full coverage over the bottons o conductive traces 1 or, as
shown i n Hr okiemnps Itéxand ayd pads| 138efaemrpadictoreliot SO apef b prasslettaér et hr ough,

for exanple, to_provide an opening 130 to.expose the undersi.des of
conduct i ve t repofigurption.syhereia ﬂPeoréﬁ‘%s%lgzodP “Ft@g’@%%égbsirﬁ? Bt H&P , as 30

desired, for gphapeads bH&HbAd WitRHsEShfightatidn WEthe HBhd BhdsBRkand 18 i's ,
enpl oyed, recesSes 120 in dielectric substrate nenber 111 are plugged with

a renovabl e -dndnetiverbuaipsidé6 of sengiobutictaralik]l Mymol thatdh¢ wspectibea dry (film

sol der mask 118 s |l oyed, it ma | y. be .| am nat ed dielectric
substrate rren??@ﬁgﬁTﬁggﬂ@%e%’ﬂo%reéﬁysﬁggé(g?}/ds‘foﬁﬂ}lﬁ%fvieg’an@%ég?‘Eeect i onal Vi ews
of a firsts mefpgEn@dily AR imAEEsITad OB A IbFH PRI nFddR 31 8 Ala§ hh¥dak 0 a
sem conductor die 150 in a flip 5 chip-type sem conductor device assenbly

160. FI G 6A ¢pening i38tdssinehiherathrovglson pligraatively, &l soldamskeoveragsmpnt e 110
al'igned and fB?leCIi)rr(l)gidtecri] gcrggsn’?hg %Qggrﬁg of co%dgctil'\/%%aces 124, including the locations of
recesses 120 as previously described with respect to FIGS. 5A through 5D.
Conductive bumps 156 preferably comprise, but are not limited to,

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

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

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

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

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



prior to the assenbly thereof. Sem conductor die 150 includes an active
surface 152 and a back side or surface 154, wherein the active surface 152
includes a plurality of bond pads 158 bearing electrically conductive
bunps 156 thereon. Such conductive 10 bunps 156 and bond pads 158 of

sem conductor die 150 are of a preselected configuration, wherein the
recesses 120 in interposer substrate 1101& e sized and configured to
correspond with the configuration of the bond pads 158 and conductive

bunps 156 of menideomhaieihbf e oddRtive biugs 1541R sUBSARRILY YiRert€PR4 gur ati ons
or patterns of recesses 120 and conductive burirgé 156 are 15 substantially

mrror i magescoBEsROAdingdesrss 120l intrapgser sibsaate 1hhend amegerayithibge an  openi ng
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| ocati ons of semdamgsesr dRiceassqmitey i1 60 slay bd&ﬁi@iailj@@tthchédgyﬂﬁfaﬁﬂé‘sﬁvd OI FI GS. d5A
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of a first nv&ﬁh'gaﬁe ddnaaétHibiehpR 136 (IRAREIEEE bY SotRESYd G cbnli@Ydrllegone or

nore conductive layers of other materials thereon. Conductive bunmps 156
are pref eifablBelyreerhvenpshas ko vacini theart uPthee metldds of belitg lvemwinciotbiat or di e

150 at a waf evel, but. such is.not . required. Conductive bunps 156 may
be forned by Iﬁi&%{’%wﬁéz\?g’p%lfgﬁs Bﬁ{as%l%grttPS‘Bﬁ‘CLEtCPWBfeS??%nCi | printing, gold

stud bunpi ng by WFIGS30ABOBI@psct sAplEAd csobsisadtionalRaENOOf X 8R¥Ad ietHol®rar t .
FIG 6B depicts interposer substrate 110 nmounted to sem conductor die 150

to form flip BAMingant berding inserrerey pelstratedd e ¢ sarsBondstaralion] Hliore lipsenbl y
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inserted in a ‘correspon i nterposer subs and
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except the conductive bumps 156 on the semiconductor die 150 carry a conductive
paste 182 thereon. Such conductive paste 182 may be provided on the bumps by
dipping the conductive bumps 156 into a pool of conductive paste 182 or by

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

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

As depicted in FIG. 7B, the interposer substrate 110 is mounted to
semiconductor die 150 to form semiconductor device assembly 160, wherein each of
the conductive bumps 156 is substantially inserted into a corresponding recess 120

30  ofinterposer substrate 110 with the conductive paste 182 engaging with the

conductive pad or terminal 122 in each of the recesses 120. With this arrangement,

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



5 elenment 116 carried on the first surface 112 of the interposer substrate
110. The conductive bunps 156 on the sem conductor die 150 nay then be
bonded to the conductive pads or termnals 122 in the recesses 120 of

i nt erposer substrate 110 by, for exanple, reflow ng the conductive bunps
156 (in the case of solder bunps) or curing the conductive bunps 156 (in
t he case of conductive or conductor-fill-¢g 10 pol yner bunps) as known in
the art. O her nethods of bonding known in the art nay be utilized, such

as ultrasoni Gvep 1ftsbﬁfe'm|thec&‘iﬁﬁﬁ&§§'5ﬁﬁlpsﬁ|5§§re ihorrsisteRt ﬁﬂﬂé‘léﬁt A, Réit frb@d
cross-sectional views of a second nethod mountin nd bondi ng
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With the conductive paste 182 in the recesses 120, FIG. 8C depicts the
interposer substrate 110 mounted to semiconductor die 150 to form semiconductor
20  device assembly 160, wherein each of the conductive bumps 156 is substantially
inserted into the conductive paste 182 in the corresponding recesses 120 of
interposer substrate 110. As previously described in FIG. 7B, the conductive
paste 182 provides electrical and mechanical interconnection between the
conductive pads or terminals 122 or trace ends and the conductive bumps 156 even
25  if some of the conductive bumps 156 are inconsistent in height, i.e., their free ends
are noncoplanar. The semiconductor die 150 may then be bonded with the
interposer substrate 110 as previously described in association with FIGS. 6A
and 6B. It will be understood, as noted above, that stencil 186 may not be required if
the mass of conductive paste 182 is disposed and spread into recesses 120 prior to
30  disposition of an adhesive element 116 over first surface 112. Moreover, it will be
understood that conductive paste 182, if eutectic solder, may be disposed in

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



provi ded thereon nmay then be bonded to the conductive pads or termnals 122
in the recesses 120 of interposer substrate |I 10 as previously described
in association with 5 FIGS. 6A and 6B. FIGS. 8A - 8D depict sinplified
cross-sectional views of a third nmethod of preparing, nounting and bondi ng
i nterposer substrate 110 with a sem conductor die 150 in a flip chip-type
sem conduct or devi ce assenbly 160. FI G -8k depicts interposer substrate |
10 having a mass of conductive paste 182 di sposed over a 10 stencil 186,
patterned wi tdic dp@ i ingesposhr substrate i &8 psingla védohd reftoes fegolide an Tdefinkonduct i ve
aste 182 is then spread by a readi ng, nmenber 184 over the stencil 186 so
!to hat the conoﬁ%‘ﬁﬁill\%&ﬁé@‘ﬁ@(’g"éfug rafeal0s iAltsanatiyely, semigpndugtor discloddnay B, The
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156 i s substanti al i.nto. the conducti ste 182 in the
corresponding r eceé%l%s E)glg%nét%t%?%nogg?vegﬂﬂq )/26[ tg’ahe (v elﬁkerfrﬂ' evi ousl y
descri bed i n dobferafiéh with®r dohellisitd soaduddgbampd3oagidddssepli®atiidteal and
mechani cal i nterconnecti on between the conductive pads or termnals 122 or

trace end? arfd®d Aemayhedermegdn sehsd racssses, & thrgugly planmoisiondvdive padLet i ve
D e BRI S o LSS
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AR LI R T N
Frat surface 112, Ko eaver e e e R e past e
182, if et ecabore-dedcribed thidyméshodicamprisang 4 fourthevsbakef eRragdmbieing ef | owed
and sol i difi eacrild roln irngtir(llter%%gei%csngs%r%e PlfO o %rger%?cr(])% gétgrrdié %90 in a flip chip
semiconductor device assembly 160. Such variant is similar to the third method as
described in FIGS. 8A - 8D of providing conductive paste in each of the
recesses 120, except the conductive bumps 156 are initially unattached to the bond
20 pads 158 of the semiconductor die 150. As depicted in FIG. 9A, the conductive
bumps 156 in the form of balls, such as metal balls, are embedded into the
conductive paste 182, which was previously spread into the recesses 120 of the
interposer substrate 110. The bond pads 158 in the semiconductor die 150 are
aligned with the conductive bumps 156 in the recesses 120 in the interposer
25  substrate 110 and then mounted thereto, as depicted in FIGS. 9A - 9B. The
conductive paste 182 may comprise a solder wettable to both bond pads 158 and
conductive pads or terminals 122 or a conductive or conductor-filled adhesive. It
will also be understood and appreciated that conductive bumps 156 may themselves
comprise solder, such as a PbSn solder, and conductive paste 182 eliminated, or also
30  comprising a compatible solder.

As a further alternative and as previously described with respect to FIGS. 8A

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



die 150 to interposer substrate 110 using a second reflow to provide an
indefinite shelf life for interposer substrate 110. Alternatively,

sem conductor die 15 0 nay be aligned with interposer substrate | 10 after
conductive paste disposition and a single reflow enployed. FIG 8D is an
enl arged view of a single conductive bunp 156 5 carried by a sem conduct or
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attachment of the semiconductor die 150 to the interposer substrate 110, wherein the

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

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



and 813, a conductive bunp 156 to be used in lieu of a conductive bunp 156
carried -21 by sem conductor die 150 nay be forned in each of recesses 120
t hrough plating of conductive pads or termnals 122 with a conductive
material such as a suitable netal. It will be well appreciated by one of
ordinary skill in the art that, since the 5 bunps are bonded within the
recesses 120 of the interposer substrate2210 itself, the height of the flip
chi p sem conductor device assenbly 160 is mnim zed. Therefore, conductive

bunps 156 maymbg b asedd okddr Geforinht $agea dehasblidRER i9TheGORNERUDONSLcH | 1 P
chip assenblies w thout increasing, or even while decreasing, the height of
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an i nhereg a(l:oid)gnrrent aspect absent in a conventional flip chi
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seni condu _ S eSUgR SemBIsPrpetasid. eonapaehinibe Fowventionab yncl%ﬁﬁi@gsﬁf ly
slide into th@kknfiRILRRohYEt&OdiE %ﬁ%%&gk&gﬁuﬁﬁ? gg\lﬁgéasjsgrg?l&gl GQE%%HeepréLsSenp roper

al i gnnent and proper attachnent t n a I on, esi've el enent
116 on the fimsentenréques 1 tiofe sinve thefiler pematal sndyinipbeditdfedas fikethe as t he
conductive paste 182 in the rec?s es 120 may, act as a height controller for

reliable att%&H Ot Tether. Sty atspass within the ecesses hed proxisnaiother

substrat e 110intedtdnsitdntNie., c%ﬁ!i'@c’%iivé’%uﬁb?[‘%?t 116 and/or the conductive
paste 182 may be used to conpensate 20 for any irregularities due to varied

conduct i Vi bunp si Tasingrhack tosthe éptdanddfnuirth plethods depictediin BIGSOBA 18D hed
surfaces of t bRt grpaser substrate 110 an em conduct o die 150. As
shown in FI G@‘%O,bga&lgi"étp@c?f?is g%tﬁa?q @ro ‘#ﬁ?@‘eﬂﬁr Y§dn f‘&“g‘rmﬁ ?‘%ﬁ_rf‘@f‘i‘r‘gd an
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i nvol ves di sp&fsorg 2y ally llqd-with eonddyetieepastecdd. Tharefdretit may i ncl ude
oy e o ARt o 50 AR RGP SR
130, novelsas subftratevl 10 dexcribdit inulihthirdend fourth péthode@BpRbibekRes8ay. i nto each
of the recesses 12EOIGt ?Ofaislolde&ctsse:%rclguc?izg llj)arl]l?s 1t62? such as solder balls or any suitable
conductive material, provided at the conductive pads 126 exposed at the second
surface 114 of the interposer substrate 110. Such conductive balls 162 may be
provided prior or subsequent to dispensing the dielectric filler material 166, and
20  formation thereof, if formed of solder, is facilitated by solder mask 118 (see FIG. 2)
and apertures therethrough placed over locations of conductive pads 126. Of course,
conductive balls 162 may comprise other materials, such as conductive epoxies or
conductor-filled epoxies, and may comprise other shapes, such as bumps, columns
and pillars. Once the conductive balls 162 are formed on or attached to the
25  interposer substrate 110 and the dielectric filler material 166 has been provided (if
desired or necessitated), the semiconductor die 150 may then be either partially or
fully encapsulated by an encapsulation apparatus 178 with a dielectric encapsulation
material 168 as depicted in FIG. 11. In the case of partially encapsulating the
semiconductor die 150, encapsulation material 168 may be dispensed by dispenser
30  head 164 about the periphery of the semiconductor die 150 so that the back side or
surface 154 of the die is left exposed. In the case of fully encapsulating the

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



30 conductive bunps 156, bond pads 158 and conductive pads or term nals
122. The dielectric filler material 166 may be self-curing through a
chemi cal reaction, or a cure accelerated by heat, ultraviolet |ight or

ot her radiation, or other suitable nmeans -22 nay be used in order to form
at least a semsolid mass in the recesses 120. Such dielectric filler

mat eri al 166 provi des enhanced securenenp3-of the conponents of flip chip
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FIG. 12 depicts a flip chip semiconductor device assembly 160 including a
heat transfer element 180. The heat transfer element 180 may be provided over the
20 first surface 112 of the interposer substrate 110 and under the adhesive element 116
(not shown) as a thin, thermally conductive material. The heat transfer element 180
may also be provided on the active surface 152 of the semiconductor die 150 to abut
the first surface 112 of the interposer substrate 110. Another option is to provide the
heat transfer element 180 on the back side or surface 154 of the semiconductor
25  die 150 as shown in broken lines. Such heat transfer element 180 is configured and
located to thermally conduct heat generated from the electrical components of the
semiconductor die 150 and to remove such heat from the flip chip semiconductor
device assembly 160 and to reduce the incidence of thermal fatigue in the
interconnections and circuitry of the semiconductor device assembly 160 and,
30 specifically, the semiconductor die 150 as well as to reduce operating temperatures.
The heat transfer element 180 may be formed of any thermally conductive

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



material 168 as depicted in FIG 11. In the case of partially encapsul ating
the sem conductor die 150, encapsul ation material 168 may be di spensed by
di spenser 30 head 164 about the periphery of the sem conductor die 150 so
that the back side or surface 154 of the die is |left exposed. In the case
of fully encapsulating the sem conductor die 150, encapsul ation materi al
168 may be provided by dispensing, -23 s{d4n-coating, glob-topping, pot
nol di ng, transfer nolding, or any suitable method known in the art. It is

currently prefnaferielthtfia hosdledti @MGRBEMAYE MR £HiRliatPRd AerfPRId/GD to the
back side or surface 154 of the sem conductor die 150 (which may 1 nclude
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and the carri S trate..170 f.or..securi .a protectin he .
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broken |ines.,aguf RerhB@l 605 3PSl RiucEIRE 624 ﬁpovjicﬁng ot AR 580 ween each
opening 630 and recess 620. In particular, the one or more passages 632 may extend
from an upper portion of each opening 630 to a bottom portion of each recess 620 in
20 the interposer substrate 610. The conductive traces 624 or conductive pads or
terminals 622 as shown in FIG. 13 are suspended and extend across an upper portion
of each opening 630 and a lower portion of each recess 620, of which each
conductive trace 624 may extend to another portion of the interposer substrate 610 to
conductive pads 626 for electrical interconnection on second surface 614 of
25 interposer substrate 610. Such conductive pads 626 may be located substantially
directly below conductive pads or terminals 622 or routed laterally across interposer
substrate 610 to various predetermined locations by the conductive traces 624.
Solder mask 618 also includes apertures therethrough at the locations of conductive
pads 626 on which discrete conductive elements in the form of solder balls may be
30  formed for external electrical connection of interposer substrate 610.
FIG. 16 depicts the interposer substrate 610 of the second embodiment

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



| ocated to thermally conduct heat generated fromthe el ectrical conponents
of the sem conductor die 150 and to renove such heat fromthe flip chip
sem conductor device assenbly 160 and to reduce the incidence of thermal
fatigue in the interconnections and circuitry of the sem conductor device
assenbly 160 and, 30 specifically, the sem conductor die 150 as well as to
reduce operating tenperatures. The heat23+ansfer elenent 180 nmay be forned
of any thermally conductive material, such as copper and silver, but may
al so COMPY i SGnIchRESHRLL ¥sPRRflield @wd%fn?m@safmaohaamsdmel ectrical |y
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each recess 620 .in. C??O th nt erposer substrate 6 10. The conductive traces
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anot her por t i ssmiedndutter devies asoerably $68 of thetsec@iembeodiment may then be either

fully encapsulated or partially encapsulated by encapsulation apparatus 178 with an

encapsulation material 168 as depicted in FIG. 17. In the case of partially
encapsulating the semiconductor die 650, encapsulation material 168 may be

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

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

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

30  surface 174 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



conductive pads 626 for electrical interconnection on second surface 614 of
25 interposer substrate 610. Such conductive pads 626 maybe | ocated
substantially directly bel ow conductive pads or term nals 622 or routed

| aterally across interposer substrate 610 to various predeterm ned

| ocations by the conductive traces 624. Sol der nmask 618 al so incl udes
apertures therethrough at the |ocations @6- conductive pads 626 on which

di screte conductive elenents in the formof solder balls may be 30 forned
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di el ectric 10bitdt€y10MRIAS Abent@GedRs uu?x%fl.etﬁlé ﬂg%oée?tst?osﬁg@g I?fof the

d
recesses 620 froma dispenser head 164 positione Xi'mate an aci ng
each of tlWe dpe#iirdgmiggidmentd siprlastertht iz etbbddimeent,iertepd thedaterfiosérect ri ¢

filler materi gl 166 d r.essure.into, openi 630, to be extruded

t hrough passayt §tr%%ZW?lﬁ}e ngfe?gu@‘%% dogs g@éﬂ‘iqggec‘&?ﬂﬁ’é? FV@“‘SH&& 656. 15
As in the firgtesedtmdiabeBécont BerfaRM14 @R ehishoser dhiRu8RY 10N FibEsulfakP7 LN P
sem conduct or device assenbly 660 of the second enbodi nent may then be

ei ther full ycaEis98 o moseiadiesiya elementsy/ 16 fecapeu Sacand sbyfaeritldpauicata on
apparat us 17291&%1%& %op@%?@gﬁﬁh%htsqnih@oﬁﬁ Ig?'g(él%ﬁ%%%ﬁé E)IF & ed a%sgv ,2Ia%d 17

In the case encapsulating

encapsul atsi orcomdtictiveatacdsSRAmicl hay Batd spedIsed tHeyevdisapasaiveiaas;dbebr about
t he periphery. of the sem conductor die 650 so that the back surface 654 of

the die is | dPImagyRfdipcrate consdaciiveselergents thergpn for connecting interposer
substrate 710 to external circuitry. Solder mask 718 (FIG. 19) may be employed to

dam the bottoms of recesses 720 as well as the bottom of channel 740. Alternatively,
channel 740 may be of lesser depth than recesses 720 and not extend all the way

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

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

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

terminals 722 when being disposed in the recesses 720.



encapsul ating the die, encapsulation material 168 may be applied to the
back surface 654 of the sem conductor die 650 (which may include at the
wafer level) prior to dispensing encapsulation naterial 168 about the
peri phery of the 25 sem conductor die 650 in order to facilitate fully
encapsul ating the sem conductor die 650. FIG 17 also depicts

sem conduct or device assenbly 660 attach2d to another <carrier substrate
170, such as a printed circuit board or nother board. The carrier

substrate 170 i nclARSiReSHIIG! 21,8 JeRREINdEHOE dieF50 fraydrthéunseddaidr at e | ower
30 surface 174 with substrate termnal pads 176 nade to correspond and

attach with hooaefliotinteeposer substas71%Gsacthatihe getivigstripes 752 ofdhe t he second

oy hetr ot JeptdbRIASAEE 75T RS Wb ndAR: SRREYE LY ficlfblodedO2 | SOl der

may be for med B e 'on’con I'Vé pads 626

fol | oned by rsaf)itfa\re 7m@fdcthére&1cﬁmﬂvélﬁﬁnl;5s€1$6t@e diepesdd i ihe@eqeasts 78@ 6o fompp! i ed
to substrate termnal pads 176, or otherwi se as known jin the art. As such,

the sem céndmewméwteéasa%@m , sotyserReddn thsgeragus @nbodimerls.  substrate
170 by reflow ng the 'tlYeclﬁﬁl%él%4§%%vmgatcﬂ&n%ﬁ;§r]ﬁ@tf44ta?%r§i al 5 pads

176. A dielectric |I er eria not s e applied between
the sem con@gpberydéﬂimnmdnﬁbyaﬁﬁﬁb]gmmﬂaeoughrwhlehdlsl@btstcrfﬂtee 170 for

securing and prqtecting the intercgnnections nduc alls 662,
t her ebet ween. M§eEgl 198 néeé’d?edf’go&cﬁﬁpgbahﬁﬁ%wlﬁl 156 f‘?ﬁﬁﬁ ‘ﬁ%’ﬁ réﬁ‘ﬂ of an
i nt er poser . u gp% hid h8ad 164 @-awnwe theCRMRI opSEES U4 WhbIBtdiRI QR - fillkpe

i nt er poser trate 710 10 the third enbodinmént is simlar to the
first endddi rmatenalewéemy fldve andfilipeees obed thacendubdvebumpe7 ithinrthe

enbodi nent does not de openi ngs ext.end rece s 720 at second
surface 714 OtFCqSﬁfESJ,ZBOEé} s e eﬂﬁploﬁdr‘gghgﬁrsfgécém or @§W€I¥gg8ne or
nore adhesi V%&iz@ﬂiﬁﬂ%mz&lﬁoi ﬁ%?@ﬁgleSﬂﬁélﬂﬂla? Pf(fn@cﬁ@th%ﬂﬂle@ Afaltdriag tofill fleur al i ty
of conductive elenents in the formof conductive pads or termnals 722 and

15 conduct i verecesafzse7§07iﬂnemlmn%ﬁyematen@lslééentmde!atwm@ﬂé@JSP the ephanged i ve
pads 726 for Y ‘;%%gtg{;loo@ gﬁéud' Sgan%m&?o e)?(l{xet\i’rge t%%ﬁl Hﬁ{eg%leaée%

connecting i erna CIrCUI %gsk 718

(FI'G  19)13mayFithet iPt@Mactiedpads amethimalio2R@aserahe b@tﬁcﬁm@ﬁreae’&gbsanw@lch as
the bottom of channel 740. Alter natively, ~channel 740 may_ be of | esser

y
depth than rekeadudvepad opfaminsl msy e paovaded wiilbafiglg therethrough through whic
air may be expelled by the flow front F of dielectric filler material 166 or to which a

vacuum may be applied. As in the previous embodiments, semiconductor die 750
may be fully encapsulated, including back side 754, with encapsulation

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

FIG. 23 also depicts semiconductor assembly 760 attached to another carrier
substrate 170, such as a printed circuit board or mother board. The carrier
substrate 170 includes a substrate upper surface 172 and a substrate lower

25  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 carrier
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

30 semiconductor assembly 760 and the carrier substrate 170 for securing and

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



20 through dielectric layer 711. FIGS. 18-20 depict a channel 740 forned in
a first surface 712 of interposer substrate 710, wherein FIGS. 19 and 20
depict cross-sectional views of interposer substrate 710 taken al ong
respective section lines 19 and 20 in FIG 18. The channel 740 may, but is
not limted to, extend to a depth substantially the sane as the recesses
720 and is configured to extend 25 | ongi€8di nally al ongsi de the row of
recesses 720 so that each recess 720 nay directly comrmunicate with the
channel 740. A porAs depiatd imEIG10eARnd @4Bsthbshteioscr shbstratect \agRheach recess
720 conprises alignnment fingers 742, which are defined by formng the
recesses 720 RIfitf me@w&m&? algo pe formed ALy oma wates seale errespersiRg O 710.

Such al i gnmendenfit HUGED: *ARr Qﬁl?}yi%lg g Rgﬁalg\k 199 gﬁﬁ%uelﬁg%&?ﬁ%ﬁduﬁo& ﬁgzgq sphat the

30 conductive bunps nay be posi e conducfive pads
or term nal sarfZbenvdingulifed nysepasyposdidr assembly byexdistgprac@es intaXhe As depi ct ed

in FIG 21, a _semcppductor die 750 / be nount ed an bgnded to
i nt er poser s l}Bg]tvﬁgé\agHIﬁ%“% ¥FrfeRductos ngé?? ?Féergﬁlﬂ‘?salgg : 7‘§Szu5&8 hf”f?én the term
sem conduct or«yife {Shotamitedl tdcbivdnfiSndl ististantidll) 8f&uldLn@lonii&od WhiRFPOSEr

substrate 710 and the conductive bunps 756 are” di sposed in the recesses 720
to form 5 a WégKiepdiocnylargesenibsupstr@e inchulinges layebelibemicontectpr matetals

enbodi nent s. epicts the channel, 740 havi n channel openi ng. 744
at a side pe‘ﬁ Sgﬁﬁecgeélt g’?gtf %ref%g%%‘fo ooﬁa&?}ﬂﬁ%lf dg’ggﬁﬁ‘?lﬁ/g‘féﬁﬂco?lﬂ?sé rﬂ?l‘?sc‘%

diel ectric fiducklargevbdaly subbtrdibSbaabirig Beulfiplé kamie6Rdhctop\dsd?. fih bhditulaRt erial 166
may be di&pensed from _ dispenser head 164 proxi mate the channel opening

744, wher'dl n HCePaewdepictsa simphfiaderont-tectional voav o semiesndaeiar wafer 266 spaces

enpl oyed with sem conduct or asse hor1zon , vertrcal, or at

any angl e whiEhe semjicqudociot wafen250 tolleetiveinimiudel niudtiple ké¢micbhigluctoedies$ 720.

The dielectric fjller terial a#FG i nt rogucti on nay al so _be _enhanced by a
h"‘?ﬁ?efﬁ

vacuum or sucty8 IS iped ezaé"‘_tgnlé’r §T5go3 8s ?@M@fsmtbg)l@ lines, hepgan
recesses 720.hd SedhidbbdiRfor vidferC30dHIhdss el §igg or 5§ E4TE D34 ?nc%%tiacgf% er the

bottons of recesses 720, each conductive pad or term na e provi ded
with a holde tdwefaet B¥2oangeath sanigbndusioridie 26 rinchagesaendugiivk lbathpb 256 frea f | ow

appl i ed. s ieEawelaoie el i B Deghuieiber o orihso
The interposer substrate 210 includes a first surface 212 and a second

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

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

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

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

substrate 210 of the present invention mounted thereon.



may be fully encapsul ated, including back side 754, with encapsul ati on 20
apparatus 178 and di spenser head 164 or partially encapsulated with

di spenser head 164, as depicted in FIG 23. FIG 23 also depicts

sem conductor assenbly 760 attached to another carrier substrate 170, such
as a printed circuit board or nother board. The carrier substrate 170

i ncludes a substrate upper surface 172 ap@ a substrate | ower 25 surface 174
Wi th substrate term nal pads 176 nade to correspond and attach with
conductive bal l's 7§ aSHEWaRte 18R] S8 asiRbliSuslPBescRBeFRGRAR R Wage 714 of

i nterposer substrate 710. As such, the sem conductor assenbly 760 may be
bonded to carfilG8r 6ASBTA-HB.BA-3D, BA-IRfthoedndyctivedupmsAomaydeanded to62 t o

t he substrate term nal ds_ 176. Jidler matgrial,, (net shown). en be
appl i ed bet b Sqnctive Jads i SaRipalsip ResStesEn éof%ﬂhéﬁﬁ’r?’ﬁ%e"gg‘#@b"%
substrate 17QnfiQlecERAMY totthediNtle sdthiRbediictdrSvAfere250nb Sieowatbeshalediterpdsere.
conductive balls 762, therebetween. -28 As depicted in FIGS 24A and 24B,

t he i nt er posenbsirats? k0atla addidions dielsetric filler materinhmay be appliedyhrapglythse f or med
initially on a wafe cal e [, j ' carrying
a plurality oPetiget %%@@Zd[cggﬁgﬁ%%c%%g%gé?%ra § gle @reovi%gl Oggﬁ%Hﬁ(g%OS%ggf ated or
separat ed af tsesordsasfadyd Y140f the Hiterhoi@r PutRaae 10 dithet prdorFo idivdngyihd wadferf | i p

chi p sem conductor device assenblies 160. As used herein, the term "wafer"
is not |initedaleasenlel onsubsequsat Bsttal |y circul ar semiconductor wafers
but extends to an akgQa- I | ' : } conduct or
material of suff ?Fépé%?ﬁ%‘lﬁgtg aﬁ%éyggtrvﬁ ?%%te%?%l%#éﬁg?(ﬁ:%ﬁ{wﬁg‘?g}m and
enconpassés pbetriatnsreoéss confipuhtoymade flr eosedpehdiag ¢sa bdmtantigllyishiriqsl e

sem conduct or, di ce.

In partjicular, 10 FIG 24A depict i npl.i fi.ed
i Repdgrad go i %%%&’Gracm%’f‘é%gﬂ ?Ceéri‘f’ﬁﬁlﬁt%gﬂi‘ee:’[gscal e

cross-secti o838y

i nterposer s %ﬁd’tﬁ’&r,em%ﬁﬁ Rt Rerrafivalhdils AL AGHEBYndigas ceRfigurdiish,

sem conduct or’ waf er 250 col | ectively includes nultiple sem conductor dice
251 in col umwiereindnultiple recepses 380 eresformed tir theruppeesifise 3 hdahinfaipesebken

lines, wherein, th i conduct or. waf er 250 ingl bagk si f
254 and an actpyesai Ll deesadinffF SaedotuIC RS WERESAT 8L Saes
conduct i vig, buiRsosePbn bithed side O tedodloif et ‘UF sl Ebdedytht Raddmeondds 258 on

whi ch they are fornmed. The interposer substrate 210 includes a first
surface 212 azangther gkeroative recess configuration, the recesses may be formed in an interposer

?
|

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

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



surface 214 with multiple recesses 220 fornmed in the first surface 212 and
openi ngs 230 havi ng passages (not shown) forned in the second surface 214.
The 20 recesses 220 formed in the interposer substrate 210 are nade to
correspond in substantially a mrror imge with the bunp configuration on
each of the sem conductor dice 251 of the sem conductor wafer 250. In this
manner, the interposer substrate 210 nmag0be attached to the sem conduct or
waf er 250 via an adhesive elenent 216 on the first surface 212 of the

i nterposer supsingat geriphrabfectRabnurhiich SRNAULEAEVO AR 2P EpMlPinkhe
sem conductor wafer 250 are inserted into and substantially received

wi thin t he mfielegrie fllermategial bofyorthy semricondueton assamblyptide dn paticwlar,at e 210 t o
forma wafer . i i n _Fl 24B.. The fer scale
assenbly 260 dr?l@)@/é tlﬁ ﬁﬁlgggﬁgﬁﬁg%a?g}abggﬁ%??g(ﬁhégg?sg%eatdﬁ?"%?‘ﬁlgrt €253 of

t he sem condustipherywaif ¢ie bficatidactar die@is0go tRItiRrdicb@He AHePmiRFigr1653WwaB0 t o
30 formi r%di vidual , sipgulated flip chip sem conductor device assenblies
that each? i rt9gGEe seBIcGRdyRiordie g aharondthe gorductive bummps 4% adiasentdbar at ed
i nterposer  sybabriHery, 240sh, 24 R8T - 29

Al so at the wafgr 'f}{g\g}/el aﬂ% éihgp#dgéﬁﬁgflgﬂlgégﬁlilgg I n9%1§€gig§{5§h?@§tew th

FI GS. 6A- 6B, thacaBluctye BDnps9i63Bd nbhendeo tidientitevdie hydpse Rhbemidyialbe Dignded to

t he conductive pads ar t.ern.nals i.n.the recesses 220 to, therefore,
mechani cal | y Sﬁg‘ﬁ%?n%&ﬂaf %‘Fégb maéfjﬂellﬁ/ﬁ EnseLer ‘{Wép%‘éﬁdp@hﬁlﬁéf%@a“\%f er 250 to
the wafer scalpBalafifs87BOSEICh hahetiatRapdiation AL 1ic8%o ¢ 'ssﬁxf‘c%h&%cg?lf' I er

material may be applied through the openings 230 and conductive | s 262
may be prlévi cdseendiy #6@ visshispepsing. spimcaating, dete ppingydémsiéing tdansfer t he

i nt er poser s t 10...eithern prior.to di.ci.ng the. wafer cal e, assenbl y
260, or subs ggﬁ'té‘% ’ ?’h%iry et S]'Plt%le g'glhcﬁ’g&n@fvg l%hiegiﬁt' gfﬁmf?f?‘@w @‘fﬂ' SH¢h
i nt er poser sunsdpsaladion itdiRy 1 6RIb&applitd t@dhe daslabirkRe 16F 66Ghe SQR{cHAMICRI! ONn
made for corresponding to a substantially "mrror |rrat_glteh'; bond pad

ks

confi gur at i orfi®fq sehewaley develprpitas to dispensingjthodiglestrisifillr matarial 16far ti cul ar
inthis first : t = - nd. onf.i ation,
wher of o il £1°P0! BE By (BN R InbarSORRRE I ABRS G 36,501 OF

i nterposds subst rRarthes IDtHihalterimutioe ambgdietnt, fit it beefakhaBatahe sdinicondusiorh
adhesi ve el egﬁn? 316 1 dci%f)obseg (i)n either side of the hody of the "I" and
bet ween t he & Qﬁéllsgg} _le d bonded to the interposer substrate 410 with the conductive

bumps 456 disposed in the conductive paste 182 as described in FIGS. 8A-8D and

9A-9B; however, this alternative may also employ the methods described in
FIGS. 6A-6B and 7A-7B for assembling and bonding the semiconductor die 450 to
20  the interposer substrate 410.

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

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

30 for processing computer instructions. Additional structure for the computer

system 500 is readily apparent to those of ordinary skill in the art.



anot her alternative recess configuration, the recesses may be formed in an
i nterposer substrate around a periphery thereof. Such alternative is
depicted in FIG 26 of a top plan view of an interposer substrate 410 with
an adhesive elenent 416 at a center portion of interposer substrate 410
and recesses 420 forned thereabout and 20 proxi mate a periphery of

i nterposer substrate 410. As in the prevdbus recess configurations, the
peri phery recess configuration in interposer substrate 410 is nade to

correspond W th a supst@atdpptdach 'idﬁrﬁﬁl@x!heﬁt&%ﬁé pRead iPadtiegnhd gudaticted on
an active surface of a semiConductor die. previ ously described with
respect to tleFE@R%an inserppsse substratsniflOguayahe mavidedbavipg pondyetive: shaped and

the peripher ){ngsn{%qg&gt{ﬁeﬁgigg%? { %tb%gto}ﬁlt@ tl@r&ﬁ'beﬁ%&ﬁ@f oY oéMaH € one

or nore openi he T nterposer rate opposing that

t hrough whi chintb@réEI8es&SE ndisk 118y dd sdnthlictiva baagesoe foraredibygefldnve (i€f r om t o
each of the recesses. As such, subsequent to nmpuntin

b d
sem conduét orsokiel or guripg(if @m%@@@b@%@ mapgpftcopductivg Pé#t‘éggfﬁgﬁgg&ﬁg? ofmat eri al
may be appl i eegcﬁ Perc&é‘il'iot Qedigﬁgﬁlfc'}*ﬁlel?’ g'la?eﬂlgl P@éﬁﬁﬂ%f%&ﬁozs%& g{/erf[c%ﬁdﬁc%ﬂ}@s ses and

protect the conductiTveé bunps di spose rern. epicts a
Cross-sect i orimpsil68a if eagh seRECIROscGhown adsentidondd@or diei60 valiryigg a like

sem conduct or die 450 nmpunted face down to_ an inter&gs{gr r@u strate 410 -30
havi ng a per inywel ofcepductive Bpmpy 2 eh FrEmesd ipr SAPSRRASEL A #thod of

appl ying di eéoﬁ&ﬁdﬁftfgﬁ gg{n:plkgs?apﬂlg{r ée%{ic&{ﬁﬁctfopdfgh%o%%!%g%ﬁa%ﬂl_tiﬁfer;ﬁﬁéxenbI y 460.

In particular, material 166 may be applied by dispenser
head 164 18r ounbsttate] 10y év thph elignedfovehintesprsecabstuae 010 andverticallypressed t he

dielectric fi|ler material 166 flo 5. under. the senm.conduct.or .di e 450 and
around the c&hﬁﬁ%&ai“ﬁeafb_ e‘ﬁ%é?%‘ﬁi‘f’mié’eth‘f HierPéacemeBtslﬁgﬁ?rbﬁ%‘lﬁflz.mgl\tshes uch, the
di el ectric fildnafeldbBEtilléd matéhal ey YuRRedssihal HdiEhe bulis 166adMEt i ve
bunps 456 and not under the entire die as done conventionally. The

sem conduct orl5$benetsandmmykdeoniduttivecsoptist dAdhesive clameantsat l6dmay; ag shaygb Brat i on
apparatus 178 i ch rovi de_encapsul ati on material 168 to the
use) oy ks e, 45T

sem conduct or $pensi ng, spin-coating, glob-topping,

deposi ting, transf@ra vatatieh Bthe apprdioh SRITEN 28Ut fsallocontirplatedk thatyin lieu t he
art. It is preferred that such encapsul ation nmaterial 168 be a? llied to

the back sur fefowsingsliclestrie fillexmpicsahkfdengrto peavidessantgrpaseicsubglfas-i¢-diel  or
prior to dis p;dﬁ%éiggints{%gd df 341§§ 5 'éép%re{té hoHebivERiefleh lé;g%onconductive film

NCF, as shown in broken lines in FIG. 29, may be disposed over interposer
substrate 110 after formation of conductive bumps 156a thereon and prior to

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

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

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

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



about the periphery to facilitate fully encapsul ating the sem conductor die
450. 15 Further, in this alternative enbodinent, it is preferred that the
sem conductor die 450 is assenbl ed and bonded to the interposer substrate
410 with the conductive bunps 456 disposed in the conductive paste 182 as
described in FIGS. 8A-8D and 9A-9B; however, this alternative may al so
enpl oy the nmethods described in FIGS. 6A3BB and 7A-7B for assenbling and
bondi ng the sem conductor die 450 to 20 the interposer substrate 410. As

i1 lustrated ibunisastitheldioaiayBef0bshntiallg camhReelf tdeeive@ withid fhe Ftckses of the
sem conduct or device assenbly 160 of the present invention is nounted to a

circuit boardelsqnc mageher.dut forany yesicyl ansoffaseddediby thetapsubeata¢a 170, in

t : . . { 00, th I it b d 570
s Connect ed WBEsR et Ryd iR ke SYERETL RS el wE LS oot
devi ce 574 antle aminalgatithe @esss ®ttSMS. cithbreditedily br thedtigh@nddtérptied be a

keyboard, nouse, joystick or anﬁﬁot her conputer input device. The out put
devi ce 576 neSPndectiyemaierial withst theresessss. dingpating theieeadder candeptivesvias andsk
drive, or any,Qlifefi fubmetideydtkEen 4 Rt 9&%81?\%015 %%‘&La%?ntgﬂgsenﬂ@é'néi%gt’or but i s
not limted to, a mcroprocessor or a circulrt card Including hardware 30
for processi ndje canmutdby a neiductité lonsp afbali/iaiand ahothér dledtticad chrafectidre conput er
system 500 i s readi apparent to those of ordinary skil]l in the art. -31
As a further S%%‘ﬁ?e&éh%%a&gaﬁﬁﬁmw%t%gaym%%éﬁtoppwt@mde&f thesiptprpager
depicted in JibGrat@MoRddvE UGS RARESSLRT : | avi ng
conductive tracesal 1240I ar‘{‘i nat ed therreglg, r’?%%a(ﬁ%%ggtgbgrr?ﬁtl Fg%rﬁl\égg@%é&f ul ly
covered dif, ofied emyiinga largeromvter eficdndustotedempsasdy tel@rowedfonextemalict i ve

bunp 156a forped by reflow (if 5.sol der r_curin i f an _epaox of . a nmass
of conducti vecoﬂlol\%({?’énfélfggl?e érﬁ%e“gﬂjtv%t?ﬂ“o%s a éﬁ’i?l‘ftl}l%ggecég"‘@ﬂt Og\%?ﬁy%‘ﬂee%ft ric
filler materithtinté&Podep sibabtedbEROERNEY RYAIhE StidSiduédr dRUNPS 156a in each
recess 120 as shown. A seniconductor die 150 carrying a like plurality of

conductive bunps IBBPresentinyertiongraysupley apessetlateos dimensivn or diameterct i ve
bunps 156a whepn S6 ﬁ%@??%g)gt 'lgtet]a?gin 'esns%lnlog:a&glbegésr:o? g'{lggs%rii%% er 10

substrate 110, 1s then a over | nterpose nd vertically
pressed IShereadaitivebuap, thep pasatd fAeylitatingoninkd atdieceks aliPARER B% MbosBRihE ON

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

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



156b neet and nake conductive contact. Adhesive elenents 116 may, as shown,
be wused, or may be omtted, as desired. 15 In a variation of the approach
of FIG 29, it is also contenplated that, in lieu of using dielectric
filler material 166 and to provide an interposer substrate-to-die adhesive
i nstead of using a separate adhesive el enent 116, a nonconductive film

NCF, as shown in broken lines in FIG 2933-nay be di sposed over interposer
substrate 110 after formation of conductive bunps 156a thereon and prior to

20 asserbly Whhdlivt 28 MHERAAHEASIcALFo IR0y FifhaoRFYay 1R widtiios 150D,
Wien t he seﬂhfé%}\ ua?:ltgor e 151%53”'39? ntgebrposoer substrgt.ea 10 are pressed
t oget her, conebobieialeck dilnmpknistaofaheicasoptive bumpsona seatieondhetondis©satuct i ve

filmto initiate ual | ectrical.contact. ther t n. i.table
nonconduct i véi§ Vp Ieivglcq“lgg% pf%é&elﬁgli‘fngﬂg’dfun@& E’fﬁgla? ﬁtﬁgf?tglirég%&by Hi t achi
Chemi cal , Serjs@nfuss armiMeheot@!mdy bd fIplidd toléRark codfacildfibe corddueiivd be
apparent that the flip chip sem conductor device assenbly of the present

i nvent i onSpr dwingpe svith temmipals wWithoutdamags de hegssembly. Mowe sregifically, quaing

conpari son to conventiopal, bu d m.c ' ' | oyi ng
dual conduc tSFWécoflg'f/cé?r ‘F‘% plae %Bngrgf S % %fpc? rlgéég%?r%%)&e ,Stgg&ﬁ g)g E%S%L h%f%sﬁ({tm reduction
of about 90 ERisRYIfM&RTHCEE Paste s deositclQR apia, the tape stiteasechartier tvenber and

elimnating a 30 second 12 mthick conductive | ayer adj acﬁen th
seni conduct orpreeat pasteegonignipationof the surface ok the sgmisonductay Eere to%g‘ﬁﬁ’ﬂfeéi ng a

tape disposed, Qg ts‘é’ﬁ&i@ieé *881%&{%{11/8 P%g iR rused%vﬁexﬁlﬁl%t IsNRed [ SRR bupiPst rat e,

since the disCret'e conductive e nts or con tive -32 bunps of ‘the die
may be sulost anitedl] the capeplstas laytoppercisweel] ai 4 duishionivéhendbebwep maferiahe

di el ectric nenper, but for any vertical stapdoff ovided by.the.tape.
El ectrical deikectingdditen @ps gcpgpmadates fiien Faang E‘{)c csltfgﬁ&"%ﬁ&%%‘r‘% bunps
are in contacg Wity ol ddgntiié TsBlcdndictdr e AREHESpdet dubBRate & feftaseddi rectly

or through an interposed 5 conductive nmaterial wthin the recesses,
el im nating thetpingtdkeep theciotetemmnestdnwir geinttogethem TicsxadviapaBescasfinect i on

between a first .conductive la [acent th m conductor die contacted
by a ponducti@@llfﬁ)ﬂ%tog??&lﬂg\ﬁ‘é?%ﬁg’?%wgﬁ%ﬁﬂ%q%éﬁ?etﬁ‘pal connection between
the via and a secongiepRds!6t tapé fdcaittes RadIAE oPRRASdehiblP be6r tofrefldie of

i nterposer substrate. Mreover, due to the straightforward design, even

| arge seni conmldsr-typel@ndictiye bumpyimtheaeqesseg es wakee reverrk casribrizssewBligSurps may
be rerouted fnqu & gl%ét%%elllly tested before reflow and before a dielectric filler is applied
and/or the semiconductor die encapsulated and a defective die removed and
replaced. The presence of the tape also reduces the volume of dielectric filler
20  material (if employed) required between the interposer substrate and semiconductor
die and its compliant characteristics reduce the potential incidence of stress-induced
defects due to thermal cycling of the assembly during operation.
While the present invention has been disclosed in terms of certain preferred
embodiments and alternatives thereof, those of ordinary skill in the art will
25  recognize and appreciate that the invention is not so limited. Additions, deletions
and modifications to the disclosed embodiments may be effected without departing
from the scope of the invention as claimed herein. Similarly, features from one
embodiment may be combined with those of another while remaining within the
scope of the invention. For example, the opening 130 and segments 132 described
30  in association with the centrally aligned recess configuration in interposer

substrate 110 in FIGS. 1-3, may also be provided and adapted to the I-shaped recess

configuration of interposer substrate 310 and the periphery recess configuration of



connection using the present invention as all rerouting is carried out on
the side of the interposer substrate facing away fromthe sem conductor
die. The present invention nay enploy a recess |ateral dinension or
diameter which is far in excess of the lateral dinension or dianeter of an
associ ated 15 conductive bunp, thus greatly facilitating bunp and recess
alignnent by | oosening required dinensi-8dal tol erances. For exanple, a

75, um bunp may be enployed wth a 120mrecess using a 175 mpitch. It is
antici pat ed, agerprseviubsEdty 400HEFIGS. Dabnd 36, redpecti VR SINCIddRRAJHE pkdégnt bUNPI Ng
may be used to inplenent the present invention. However, it is currently
20 bel i eved t‘ﬁ&?nt’é’éllﬂc@}tﬁﬂplﬁﬁﬁﬁ atferding advawiagasriaessemblics 'llﬁllag wgildeweast e

di sposed int ble f typi ng and | ow
vol une produé%ﬁg%ﬁgue %QE tgﬁ&%%&gﬁcé%y f&¥ﬁ§3?m8 ﬁ%FP t, | ow cost,
flexibility iemizelimentsdayiofifgr gatafef atikmtio ﬂ@ﬂdleﬁﬁ&rﬂo@mmbﬁra%bd fine pitch
capablllt% In addition, the use of a flexible interposer substrate easily
accomobdat-e 25 m nor variations between heights of various conductive
bunmps and Iack of absolute planarity of the sem conductor die active
surface as well as that of the termnals. Further, encapsulation, if
desired, of sone or all portions of the periphery and back surface of the
sem conductor die by a variety of nethods is greatly facilitated, as is

i ncorporation of a thermally conductive heat transfer elenent such as a
heat sink 30 w thout adding conplexity to the package. If an adhesive

el ement enploying a tape is used to secure the sem conductor die and

i nt erposer substrate together, different bond pad arrangenents are easily
accomodat ed wi thout the use of a liquid or gel -33 adhesive and attendant
conpl exity of disposition. Further, tape may be used to resolve a |ack of
coplanarity of the conductive bunps on a sem conductor die or at the wafer
| evel and to provide cushioning during die attach to the interposer
substrate, as sufficient force may be applied to ensure contact of the
conductive 5 bunps with termnals wthout damage to the assenbly. Mre
specifically, during sem conductor die placenent, 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 contam nation of the
surface of the sem conductor die. If, on the other



hand, solidified conductive bunps are used when heat is used to soften the
bunmp 10 material, the tape acts as a stopper as well as a cushion when the
bunmp material relaxes. In addition, tape accommobdates the "spring back"”
effect exhibited when force used to assenble a sem conductor die and

i nterposer substrate is released, helping to keep the interconnection or
joint together. These advantages are appsd cable to both rigid or flexible
i nt erposer substrates. 15 Further, use of tape facilitates handling of the
assenbly prior to reflow of sol der-typgeapgRductive bunps in the recesses
as well as rework, as the assenblies nay be electrically tested before
refl ow and before a dielectric filler is applied and/or the sem conductor
die encapsulqkﬁq.aqd.a ef ective die renmoved and replaced. The presence of
the tape al so PEAUEEE"YH& vol ume of dielectric filler 20 material (if

enpl oyed) required between the interposer substrate and sem conductor die
and its conpliant characteristics reduce the potential incidence of
stress-i nduced ddf ect SA Hirechip semisppdiictargevica gssembbompisigh| y duri ng
operation. i t i i . i sGl i of
certain pre¥2##Egiggﬁgégiﬁgﬁ?gngggaéﬁ?%@%%P?égga%kégéggggfﬁ%g%ﬁ% ordi nary
skill in the art wuictive dbfacebadng aplaality f poshicavebirpy thedeen;i nvention i s not
so limted. Additions, gelet'ons nd difications to the discl osed

enbodi nent s rAdyNtSEPOs¢TTsubstERte Daving firsh siydaceiang 2 seGanmhstHaces ispRiCHIosthe
i nvention as cl ai AT T M, I i rent na
MR fsthes kfﬁdlr%ﬁd;arlkl\%%t:r% mdrr !ﬁﬁﬁﬁ% b &Q{Pﬁl?tg%f r&3hRd y

be conbined with those of ano e remainin the scope of the
i nventi o0 For exanxpndingtthereimpefromghd 865t aurfhcs sepok ndcessi@2helplealitbed 30 in

association with the centrally aligned recess configuration jn ipterposer
Substrate 110 in reesing aeash pood bt peopiustivaslymentialahaseaheisof e &

| -shaped recess qeg bSdnddrp&Rr Qlbstrie MARRRA0 ThedRhTidrRustdbPdidRaltH the

peri phery recess configuration of -34 interposer substrate 410 in FIGS. 25

and 26, respect i veplyralityrofadududtiva bumpe sghstastially receiyedin e plusalgpaf enpl at ed
o5, af L0r01n 20vark 4068, b ARAO LSS lE O 1 b Bl LT bhBEA o
may of f erjsgreat er eist hipbition@ffat RYstRbRciof iR MRaEy FWbbductive Sumbs mdthe
plurality of recesses, the interposer substrate including at least one opening
extending therethrough, the at least one opening being in communication
with the gaps; and
a dielectric filler material extending from the at least one opening into the gaps.
20
2. The assembly of claim 1, wherein the at least one opening comprises

a plurality of passages extending to the plurality of recesses.

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

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

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

through the second surface of the interposer substrate.



CLAIMS What is clainmed is: 5 1. Aflip chip sem conductor device assenbly
conprising: at |east one sem conductor die having an active surface and a
back surface, the active surface having a plurality of conductive bunps

t hereon; an interposer substrate having a first surface and a second
surface, the interposer substrate including a dielectric nenber having a
plurality of recesses 10 extending thereBfito fromthe first surface, each
recess of the plurality exposing at |east a portion of a conductive

el ement at a bott oin t heFleodssenbig ofitlairh ¢ awhereinahé ot leasp oaCopeitpsiongirgesTount ed
to the sem conductqgr. die with_ the _plurality of conductive bunps

subst anti al | f&@ﬂ@&\f@ﬂnqddnt@?eﬁﬁ s P&L/t%ﬁflnte‘ipéé‘és%'é%f,atec%’é cxfendimgifram of
recesses siz ARert ; ' : rtion of
at | east somse&hgﬁB ﬁgeha(foflaﬂpreg P%ﬂg%gkﬂ%;%ﬁmtéwg ﬂ%{)@til‘gnaé% ﬁﬁ%ﬁogpa 1|0%1y of
recesses, thehemokr poser substrate including at | east one opening

ext endi ng &t heret hrough, the at | east one opening being in comrunication
with the gaps; and a dielectric filler material extending fromthe at | east

one opening into the gape assdntly of BRI 8SRALEM LfidCHall BY the cHhiflebéNeddie at
| east one opening conprises a plurality of passages extending to the

plurality of hesidegtlesst sgmephehepiurelityl of redesses andropenswibierths at ledsesqmieur al i ty of

passages co j . . re . passages extending to each of at |east
sone of thenglrlé%erss’g il?@dﬁ{éﬁ%ogérs%gg?atg. The assenbly of claim1, wherein the

at | east one opening conprises a plurality of openings, each extending to
a bottonHiPrtion of one of the plurality of recesses. 30 5. The assenbly

of claim! wherei® thelhgaspeanhly obglainy fevherginithe ehanpelromprisen gyehanpel second

surface of t i ) . f cl ai ,
wherein the E’Eb erfgg‘i’t&&gﬁg %tEﬁ%@ﬁgﬁﬁpﬁtﬁflggeméggﬁ@gﬁé?’J% %?ﬁr)%]ﬂg]i O%Clqnlﬁ é first
surface of theniigured posecive thestielatteic filidr mateanlinm@nolidform.

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

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

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

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

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

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

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

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

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

30  configuration, and a peripheral recess configuration.



one portion of a periphery of the interposer substrate to at |east an
interior portion thereof. 5 7. The assenbly of claim6, wherein a side
wal | of the channel extends beside at |east sonme of the plurality of
recesses and opens into the at |east sonme recesses in the interposer
substrate. 10 8. The assenbly of claim6, wherein the channel conprises a
channel opening provided at the peripheBy of the interposer substrate, the
channel opening configured to receive the dielectric filler material in
nonsolid form 9. 1khe agzeRinbiPbr Qhdh M Arth¥h@h@irRinghe &abaiRtiogonpri ses a
portion of 15 the active surface of the at |east one sem conductor die as
a top wal | ofmatéral doramedaliver the at IEast cms semisopdwstorgligiiorat leastprstiadlh t he acti ve
surface of the at llgfatﬁt lo%% sem (;ondcg’g% or,.die lies adjacent the first
surface of t (fAc3RSPIBRIBE atleay pag Fapicondigiof fie 10" assenbly of claim 1,
wherein the first surface of the interposer substrate conprises an

adhesi ve el enent attaching the first surface of the interposer  substrate
to the acBive surfldce dfhetassemhly pEelaim dnwhereinitbosreard sirfage of theintermpqser
assenbly of claim1l [ el h ralj [ L 5 a
recess confi gsblssatfalt%i’rl\ml\lkﬁ?%%on?g&évﬁebﬂéklgﬁ?thegsﬁgémgn%?&%ﬁcglﬁcrlr%gle Slfeﬁgﬁgcgﬁd pad
confi gur at i orel&@idallle imeicontecs i dxd&Balafircting. at | east one sem conductor die.
13. The assenbly of claim 12, wherein the recess configuration conprises
at | east one of a center row recess configuration, an |I-shaped recess 30
configuration, andg pefnRer My LBEERT 1 CORLAUNEHRBtric Bfer hhteridl® assenbl y
of claim1, further conprising in encapsulation material fornmed over the
at | east l0ne eapriseswltesinor die to at |east partially encapsulate the at

| east one sem conductor die. 5 15. The assenbly of claim 1, wherein the
second surface of the interposer substrate includes conductive balls on at
| east some of the gonduptd A g5 8 Plafin 18, Wh&hthEdiblertricitIRE GRidIREt O
external circuitry. 16. The assenbly of claim 1, wherein the dielectric
filler materi@mprsés atdeqst drxeaf athemxiset resin and a thermoplastic resin.

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

a flexible dielectric tape.

19.  The assembly of claim 1, wherein the interposer substrate comprises
at least one of a polymer material, BT, FR4 laminate, FR5 laminate and ceramic.
20
20. A semiconductor assembly comprising:

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

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

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

conductive bumps on each of the semiconductor dice substantially received



17. The assenbly of claim 16, wherein the dielectric filler materi al
conprises at |east one of a thernoset resin and a thernoplastic resin. 15
18. The assenbly of claim1l, wherein the interposer substrate conprises a
flexible dielectric tape. 19. The assenbly of claim1l1l, wherein the

i nt erposer substrate conprises at |east one of a polyner material, BT, FR4
| am nate, FR5 |am nate and ceram c. 20 208- A sem conductor assenbly
conprising: a wafer including a plurality of unsingulated sem conduct or

di ce, each of the inskeplogiityef @tessésda tlﬁbﬁﬁtdﬂ@s@ﬂs@ﬁﬁmé’ﬁt}&l&ﬁ@ﬁ@ gind a back
surface, the active surface of each_of the dice havi nfg plurality of
conductive bunps tIKeisessizedso shagamap isslefiiadiapent amesicay of st ksastrsame ofitheber
conprising a diel I 0 Iated

i nt er poser substrgttcotggh&leach %g%ﬁ%g&h%ﬁ%?dé@sﬁle%%@éﬁhg Ii“%’) espond W th
one of the plural idupstedtessiacindingdulehstrondiopening &b diectriememberthereéf in

substrat ez.? having a first Surfa}b a second surface, and a plurality of
recesses extendi ngdFHRRMFHIF Fithhahleasksome afithe ganssuourding the gt least sgme

exposi ng at | east at a bottomthereof,

the wafer scale |%trlgfri)%fc‘)}§ ué@%h%%g%ng?ecg%rs%%gd to the wafer with the
conducti ve bmr@slegtmcé"dlchmtenah@(tsmimgﬁnmuhe atrleadit one epenitgaintoi the htylessecei ved
-38 in the pl uralltéjéeof ecesses in the interposer substrates, the
plurality of receSUEOTNSEPSso that a gap is left adjacent a portion of at
| east some of the conductive bunps in the plurality of recesses, each of
the interposer substrates including at |east one opening in the dielectric
menber t ik eof in - conthermsecmbly of oainh 204 wheseis thesaieasbéne drenigps

Cecosses: and i) EARHIEPPPeERRELRRIIE, AT Bl SFrBRERe o) Teast one

openi ng into the at | east sone of the gaps. 10 21. The assenbly of claim
20, wherein the at_|least one opening. conprises a plurality of passages
extendi ng to the plr al theasgmbly ebelaim 21 pherqip sheplyeabity of pebsageni m 21,

wherein the ploflstd dhedr RS HaRESes extending to one of the plurality of recesses.

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

in the second surface of each of the interposer substrates.

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

member to at least an interior portion thereof.

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

least some recesses.



conprises one or nore passages extending to one of the plurality of
recesses. 15 23. The assenbly of claim 20, wherein the at |east one opening
conprises a plurality of openings in each of the interposer substrates,
each of the plurality of openings extending to a bottom portion of one of
the plurality of recesses. 20 24. The assenbly of claim 20, wherein the at
| east one opening is fornmed in the seced® surface of each of the

i nt erposer substrates. 25. The assenbly of claim 20, wherein the at | east
one opening 25 compt i semhedkscnAP bf AN 25 aMeéin iy dFhsi thel dh@nidl coinpsisssf ace
of each of the interposer substrates and extends froma perjphery of the
waf er scal e iahicastpwsshamngbepeningprovidad et a pesinhery afdbe wafer pepleIntEPOSHr t i on

t hereof. 26. T ssenbly of claim?2 wher ej. j e at |east
one 30 channéPQ%??%%@Bﬁ%&e é?eélgt ?ngé’gl?nnse(l)ﬁgené g‘?(ﬁl?gp eﬁl\r/{chte f)}’feé#lpr ecesses
and opens i ntdieltdiflc @ller haREhl i8 @OBsolRIeERES. -39 27. The assenbly of claim
25, wherein the at | east one channel conprises at |east one channel

openi ng pPovi ded at a periphery of the wafer scale interposer substrate
menber, the at leagt o C ' 4 ' :
dielectric filler 612'ritr;:étt e?llfgh é:la@?en%bg ﬁgglﬁp%Q?’o‘?%?&g%&qﬁ%gmg{%g%‘ﬁﬁgﬁ rlEC):‘QTSai m
25, wherei n tdgoribn basictive surtdranif éle walpas sop wall gfohd atdeasobneachaantli ve
surface of the wafer as a top wall of the at |east one channel. 29. The
assenbly of claim 20, wherein an active surface of the wafer lies 10

adj acent the firstygurf i ROSH nber .
30. The assenbly 0%9?cl a?}%edfgm%gg%{]&? ﬂ,Z&?%rggtaﬂ?Eﬁf acefa(%?H{S%gR%g?gr@scal e
i nt er posdi s uddtcenitthe fiestivenface ofitre wafsr sthld iswgtosenrsabstittemienbder| enent on each
of the unsingul ated sem conductor dice attaching the first surface of the
waf er scal e 15 interposer substrate nenber to an active surface of the

seni conduct or di ce3p, 31. THNRA:@H519 ¥PLMirR D0 CWRdrBIndRe N QIrLIcH of fHe Wik bliet y Of

recesses in each of _ _
interposer substrate member comprises at least one adhesive element on each of the

unsingulated semiconductor dice attaching the first surface of the wafer scale

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

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

20  semiconductor dice.

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

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

material formed over a back surface of the semiconductor dice.

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

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



the interposer substrates conprises a recess configuration which is
substantially a mrror inmage of a bond pad configuration on the active
surface of each of the 20 sem conductor dice. 32. The assenbly of claim 31
wherein the recess configuration conprises at |east one of a center row
recess configuration, an |-shaped recess configuration, and a peripheral
recess configuration. 25 32. The assenbl-#0of claim 20, further conprising
an encapsul ation material forned over a back surface of the sem conduct or

dice. 33. The asseibl y THe asbemnbly 20claith 20 eivheréifghSgisRbEicFillet agesiapf the 30

i nterposer substrates include conductive pads wi th conductive balls
attached t her@PIEHYPOW- The assenbly of claim 20, wherein the dielectric
filler material conprises a resin. 35. The assenbly of claim 20, wherein
the dielectric filler material 5 conprises at |east one of a thernoset
resin and a ther noldl. astThe asssubly o86laind B8, wisseinithe/diefectzicdiller teriaher ei n t he
waf er scale interposer ubstrate nmenber, conprises a flexible dielectric
tape. 10 37. W@%%%A%Séofzﬁofratb?fm%t,fewé%ﬁFhemepkﬂ&fcerﬁ&gcm e interposer
substrate nenber conprises at |east one of a polynmer material, BT, FR4

| am nate, FR5 |lam nate and ceramc. 38. A nethod of assenbling a flip chip
sem conduct or devilfe asBwrtssgmbly 6f clainp 29 swimgein pheowafdt sogleinteepiseonduct or di e

havi ng an actgu\égt urL@lgg%%%asfeggﬁggﬁwcﬁag%ﬁaﬁ he active surface having a

plurality of conducty 4G an interposer substrate
having a first surface and a second surface, the interposer substrate
having a dielectric nenber including a plurality of 20 recesses extending
t herei nt d% rom t hé% i r skheqgpemhlr obpldine 2Poxhangin ghe wefgsscale iptsrpdsen of a

conductive el ggant Qg?ﬂ‘- t cesse the interposgr ., substrate
i ncl udi ng at ﬁ%easte%tﬁlé’lggééeom ngsg% % IF%EB% %Isae%ofl?rin%r REHY ﬁ@xfgﬂ&ﬂ“ﬂf&a@
t her et hr ough;FRS5 laminate and ceramic.

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

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



nounting the interposer substrate to the sem conductor die with the
plurality of 25 conductive bunps substantially received in the plurality
of recesses, the plurality of recesses sized so that a gap is left

adj acent a portion of at |east sone of the conductive bunps in at |east
some of the plurality of recesses, the at |east one opening fornmed in the
i nterposer substrate extending to the gaps adjacent the at |east sone
conductive bunps in the at | east sonme 30 recesses; and introducing a
dielectric filler t erpal. .l f ! & t: eni ng
in sufficient quanﬁt y T;hc%; néé}?%énl&pétq%maf%’lvggegatlh?gﬁédlggt@ﬁgﬂeg%gésr.sgpﬁrlﬁgg. The
met hod of cl aiomp3i8es fahmingjthe atrleast dhagpenives inrthesasosdsurfd gt thatirgerposarpr i ses
formng the at | east .one.opening in the second surface in.the.interposer
substrate to SRefAER BHLdG PR Orﬁﬁﬁéﬁ%exé?’?imﬁd(’}”g RETigRRhat %a]s{i on of
at least songfforiReplRtaitpde feYestds recesses. 5 40. The nethod of claim 38,
wherein providing the interposer substrate conprises formng the at | east
one openirkdg in the second surface in the interposer substrate as a

ne of the pl ural 145 or aneBedo Gt Suiern o RERRB R GRA RARERE D o
of claim39, wWagirREformingQHy & 184kt GREBPdnSESinaRPsetonYsurhiRe ilthelimeipose filler

material to the at |east one opening in the interposer substrate to flow
into the at |whstratopsa plyealitnef eneaingsresgl bl theelwpkity o oppnbesrosesRpding, f | |
the gaps adj.acent -the.plurald f 42. The nethod of claim
40, wherein itﬁto‘r%(% E?:“Fr?é‘%%fét%%’rfiréséeé%&%%‘fg%’?t?\%‘ﬁf‘%te}ge?"é?‘e| ectric filler materi al
to the pligrality of openings in the interposer substrate to flow into each

of the plurality of openings_and_through the gne or nore passages t
substantially fill4khe H&pl@?thgd)ofxglam‘rﬁg ‘ﬁ@rﬁadntquuemgicmwewg%é%t e

appl ying the @iel@e Hilef materiaPfo the at least one opening in the interposer substrate to flow
into the at least one opening and through the one or more passages to fill the gaps

adjacent the plurality of recesses.

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

43.  The method of claim 41, wherein applying the dielectric filler

material comprises dispensing the dielectric filler material under pressure.

44.  The method of claim 42, wherein applying the dielectric filler

25  material comprises dispensing the dielectric filler material under pressure.

45.  The method of claim 38, wherein providing the interposer substrate
including at least one opening comprises forming a channel in the first surface of the

interposer substrate.

30



material conprises dispensing the dielectric filler material under
pressure. 44. The method of claim42, wherein applying the dielectric
filler 25 material conprises dispensing the dielectric filler material
under pressure. 45. The nmethod of claim 38, wherein providing the

i nterposer substrate including at |east one opening conprises formng a
channel in the first surface of the intd2poser substrate. 30 -42 46. The
nmet hod of claim45, wherein form ng conprises extending the channel froma
periphery of the i48. er pDsahetho®st Elaine45 Ovlaireih EaBlin@Borh i RE Qendiff teon of
the interposer substrate. 5 47. The nethod of claim46, wherein éxtending
the channel cOpnsldiom a parhesy althe rierppsen sestrpiedp gbleast ap énteriorquomiorodf t he
plurality of Q t each of the at |east sone of the plurality
of recesses J%gﬁgé?§$%§gP%%§%ion of the channel. 48. The nethod of claim
47, wherein introducing conprises introducing 10 the dielectric filler
mat eri al %nto t he ,yannfl to flogltherethrough and into the gaps. 49. The
met hod of %l ai m 48t -whetlsimethad phelaimn h¢, Wheseiaiextending fthe ghanpnel compisesr i al
conpri ses di spgLsl bEangil I\ i I t.eri s + 5 50.
The met hod of cIaP%?%%, mhgﬁggﬁk#%Eﬁ%thgéﬁE%#ﬁ@?§5€§2%%%?$6§?§H5%%&’ing
each of the cthaduleastsembufiths phuralityef sevessen npenstinto adiogtidroofahé Henaelnduct i ve
el enent at the bottonms of the plurality of recesses. 51. The nethod of

cl ai m 50, wherein bonding conprises bonding by at 20 | east one of

reflow ng, curing,4g!l t ragaRéGolondhing4 ARS8 IR)duSATR & ﬁbéglqntg%ggl%g' 52.

The met hod of claim 38, further conprising disposing a nonsoll ductive
mat eri al 16h tthe disdasttischiller andserigh éntp theoshaneel toflowitheyethREmgh and e thegapod of
claimb52, further conprising bonding each of the conductive bunps having

t he nonsolid conductive material thereon to the conductive elenent at the

bottom of one of tdte plTheahéthyd 6f clhigt$S SAkerdh idthRRlutinl B NsIBELwis Wit r at e.  54.
The method of claim 38, further conprising disposing a nonsolid 30

conduct i ve mefteriglicomprisesdisnonsing eheglieleetric fijlepmatedalbundespressuge.

15 50.  The method of claim 38, wherein mounting comprises conductively
bonding each of the conductive bumps on the semiconductor die to a the conductive

element at the bottoms of the plurality of recesses.

51.  The method of claim 50, wherein bonding comprises bonding by at

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

52. The method of claim 38, further comprising disposing a nonsolid

conductive material on the conductive bumps prior to mounting.

25 53. The method of claim 52, further comprising bonding each of the
conductive bumps having the nonsolid conductive material thereon to the conductive

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

54.  The method of claim 38, further comprising disposing a nonsolid

30  conductive material in each of the plurality of recesses.



55. The nethod of claim 54, wherein disposing the nonsolid conductive

mat eri al conprises: providing a stencil having a pattern of apertures

t her et hrough corresponding to a pattern of the plurality of recesses; 5
positioning the stencil over the interposer substrate so that the pattern
of apertures corresponds with the pattern of the plurality of recesses;
and spreadi ng the nonsolid conductive nmag®rial over the stencil with a
spread nmenber to dispose the nonsolid conductive material in each of the
plurality of recesges. T4 m@nodlbcIfRt 5 %iRktei HRpSRimPthe nehidilcofi@ig@ive Si Ng
inserting each of the conductive bunps on the semi conductor die in one of
the pluralitynaérilecmpssss:in contact with the nonsolid conductive materi al
therein. 57. The net hod claimb6, further conprising bondi.n ch of the
15 conduct i v@ HYifE8 atsgen&ﬁi%w&%@tﬂag%m&fé ey ﬁe%ﬁgoﬁh Spondy tgg usi ng

t he nonsolid conqjdﬁgﬂn\(ﬁrtﬁ@lgquaﬂ@ofré&.,sségbe net hod of claim 38, further
conprising form ng an encapsul ation |ayer over the back surface of the
seni condudt orpogitieningtthe stencilravgp thelintermeaermaberateso thathe gattern of ARAINERS of
claim58, wherein formng.t n i r.ses depositing the
encapsul ation | ayeclprr8§P°3gs W@gsﬂ?e aﬁ%%%%ﬁﬁ{f%ﬁi?fﬁg%ﬁ% ah§| ob-top covering.
25 60. The maphadingfthehaistlidondubtitd@atesiaingiet tersgentil With £speeydatémberng t he
sem conductor die by dispensing encapsul ati on_ materi_al e}bo t peri phery of
the seni conduct ordignose thGPPnSFH% %@%Weémat%ﬂaéﬂfh?@h,“?}lﬁﬁﬁ@“y T Eeng
partially encapsulating 30 the sem conductor die by dispensing

encapsul ati on material about a periphery of the sem conductor die. -44 62.
A net hod 16f assentfid. ng EBhefthéthod bf ¢laise 55, donlkrcbmpridieg iinsertagsactpbfthe

conprising: providing a sem _condyctor die havin n active.surface and a
back surface, coflﬂ'é"t“’ﬁg’ﬂ"\?é og the %BBC%Q\‘}FWQS’& BTN gﬁt]%{: yﬁis?htz ShEGESEV® bunps
thereon;, contact with the nonsolid conductive material therein.

57.  The method of claim 56, further comprising bonding each of the
15  conductive bumps to a conductive element in one of the recesses using the nonsolid

conductive material.

58.  The method of claim 38, further comprising forming an encapsulation
layer over the back surface of the semiconductor die with an encapsulation material.
20
59.  The method of claim 58, wherein forming the encapsulation layer
comprises depositing the encapsulation layer by at least one of spin-coating and

glob-top covering.

25 60.  The method of claim 58, further comprising fully encapsulating the
semiconductor die by dispensing encapsulation material about a periphery of the

semiconductor die.

61.  The method of claim 38, further comprising partially encapsulating
30  the semiconductor die by dispensing encapsulation material about a periphery of the

semiconductor die.



5 providing an interposer substrate having a first surface and a second
surface, the interposer substrate including a plurality of recesses
extending fromthe first surface thereinto and at | east one opening fornmed
in the interposer substrate extending therethrough, the at |east one
opening extending to at |east one of the plurality of recesses; 10
nmounting the active surface of the sem cdhductor die to the first surface
of the interposer substrate so that the conductive bunps are di sposed in

the plurality of gxcessesetiibfeavbliagadhp AHipaeMondudIH devRR asfenily | east
some of the conductive bunps within at |east sone of the plurality of

recesses; and9HiEB®uci ng a fl owable material through the at | east one
openi ng suffigj t.0 . .l e tial fdll at | east
some of the dioaangeftbifot 8 vyt i RbeP G Bckuitic 18l

sem conduct or deviactive sefeahbying bphurality b dondurtivé Bumgs thereow: di ng a

sem conduct or di,ﬁ, havi.ng an active surface with a plurality of 20

conducti ve buRFPYIngaRdpCItssteyRstatthaying s fiest pydase andipsecoad sumhasgi g a fir st

surface and a secqfgysibd s%%?[raft@inglddﬁ J]%MTaqe’ifng {5&%@@@&%&&&{5@%&%@&

extending fromthe first surtface and a one opentng-formed in the
i nterposer subst rautfacethtendo agd stHeasedin opening fohaedin theasdrpasee sulaaieng

extending to at |east,.sq f the plurality of recesses, the active
surface of the 25 W%H%&&B?uggi @eﬁéfeﬁﬂ ORG QRENMRE SHFMtRA {0 3t deastrnerqly 5y
surface of the inhepREARY ofrbekEgte so that the conductive bunps of the
sem conductor die are disposed in the plurality of recesses of the

i nt er posd0 supeuntimgdheantive suface of thregsmactinduesnt dig tpthetfirstrsudfhceadf theast sone
of the bunmps in th lural ity of .recesses; .and 30 int.roduci.ng a flowabl e
mat eri al through tlﬁtéappaotserl % k%t%/at%ﬁoetthtg‘ﬁlcﬂﬁds@HY? W%?eflif‘p@?ﬁé’ﬁ ®to and at
| east partially fiplirality dfeacdsses @i ldabe aE@p 8@ Rcent a A6rtRA of AIGasTBéMOAr Bk Cl ai m
63, wherein providi ng the interposer substrate conprises formng the at

L3

| east one openi ng GoRdediive bupppwvitin stdeast sime ofcthe plusglitp sbrecesseyend at e to
i nclude one qgltrgafc?n%?aﬁﬁé\ggﬁg m%f%tlﬁpgﬁ&%httﬂe & lle%\fvgﬁe &%rn}r{gosﬂff?gienqtto leftgl%& one

of the plurality o ecesse
15 to and at least partially fill at least some of the gaps.

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

to and at least partially fill at least some of the gaps.



5 65. The nethod of claim64, wherein providing the interposer substrate
conprises formng the at | east one opening in the second surface of the

i nterposer substrate as a plurality of openings, each of the plurality of
openi ngs corresponding to at |east one of the plurality of recesses and
extending thereto. 10 66. The nethod of claim 64, wherein introducing
conprises applying the flowable materiahsto the at | east one opening in
the interposer substrate to flowinto the at |east one opening and through
the one or nore pamsagemelifetRbd bEASIM FRWHeAlh Yrdvidihg tHRlinteBRSér BpGrd t he
gaps. 15 67. The nmethod of claim®65, wherein introducing conprises applying
the fl owabl eomprises fatming thérat lpdstiond opopingfindeseconrbsurface hbthennterppssser
substrate to f|ow. int.o ach of the plurality.of openings.and.through the
one or nore psgg%tﬁ?é"e lf‘%lu&? pie %ftm?rgé??sag%so%enéwmgttﬂ@Hﬁ‘gﬁrsl.%r%n plgt leIaﬁ%ejghr‘ﬁst hod
of claim 66, RS slurhliapst étdigest he flowabl e material conprises dispensing
the fl owabl e materi al 'under pressure. 69. The nethod of claim67, wherein
appl yi ng the flowable material 25 conprises dispensing the flowable

mat eri al under pressur 70,.. T t h f_clalm: i L.ding the
i nt er poser substrate \;e;nr}ferplgp()?gg?l%ﬁ&e’i V@E@%P%%omé(gﬁ%g%g{seﬁog?%uﬁébgéchannel
in the first suipriéefophirdghtBe af 104 bROSEILIBIhe &cbnd S0 facd 6f the.intéipes¢ret hod of

claim 70, wherein form ng conprises extending the channel from a periphery
of the inter pabafateapapluglisy phopgningsegach ghtheplwalityof ggeningscogiespanding

i nterposer subst fe%tg)ﬂ’f%fﬁ%g@ﬁgtfﬁﬁ%giegfan&kﬁkﬁﬁizg’fhemg-r ein extending the

channel conprises gnin beside at”least sone of the
pluralitylgof recesses so that each of the at |east some recesses opens
into a portion of §6he CT aennqgtlhbd of claim 64, wherein introducing comprises applying the
flowable material to the at least one opening in the interposer substrate to flow into
the at least one opening and through the one or more passages to at least partially fill

at least one of the gaps.

15
67.  The method of claim 65, wherein introducing comprises applying the
flowable material to the plurality of openings in the interposer substrate to flow into
each of the plurality of openings and through the one or more passages to fill at least
some of the gaps. |
20

68.  The method of claim 66, wherein applying the flowable material

comprises dispensing the flowable material under pressure.

69.  The method of claim 67, wherein applying the flowable material

25  comprises dispensing the flowable material under pressure.

70.  The method of claim 63, wherein providing the interposer substrate
with at least one opening comprises forming a channel in the first surface of the
interposer substrate.

30



73. The nmethod of claim 72, wherein introducing conprises introducing

10

the flowable material into the channel to flow therethrough and into each
74. The nmethod of claim 73, wherein applying the flowable

of the
mat eri al

gaps.

conprises dispensing the flowable material under pressure.
-46-
71. The method of claim 70, wherein forming comprises extending the

10

15

channel from a periphery of the interposer substrate to at least an interior portion of

the interposer substrate.

72.  The method of claim 71, wherein extending the channel comprises
aligning the channel beside at least some of the plurality of recesses so that each of

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

73.  The method of claim 72, wherein introducing comprises introducing

the flowable material into the channel to flow therethrough and into each of the

gaps.

74.  The method of claim 73, wherein applying the flowable material

comprises dispensing the flowable material under pressure.

15



