7 JUL 2006 ELI M NATI ON OF RDL USI NG TAPE BASE FLIP CH P ON FLEX FOR DWEL 2006
STACKI NG FI ELD OF THE INVENTION 5 This invention generally relates to
assenbl i ng and packagi ng nultiple sem conductor dies, and nore particularly
to a stacked nultiple die device and nmethods for fabricating the device.
BACKGROUND OF THE | NVENTI ON Chi p-on-board and board-on-chip (BOC) techniques
are used to attach sem conductor dies to 10 an interposer or other carrier
substrate such as a printed circuit board (PCB). Attachment can be achieved
t hrough flip chi BLAMINATENY ORRDLUSINGTAPE BASE Blutbb@iti€dONondi ng
("TAB"). Flip chip attachnmnenFIBEXFORDIESTACKINGal |l grid array (BGA)
technol ogy. The BGA conponent (die) includes conductive external contacts,
typically in the formof solder balls or bunps, arranged in a grid pattern

on the active surface of theFHRD QR T die to be flip chip 15
nted t n.interposer .or her .carnier s rate I lip
c'p. at t achsivenfiREREr P SRR Bl Bl bt Ble it ek, ¢
on t hghd Hiévegafticubdistoraditfked ith16518 ARCdevibelind medthauy fog fabhieatiiy tedetiatl s. The
sol der balls can be replaced w't a conductive polynmer that is cured. A

dielectric underfill is then interjected between the flip chip die and the
surface of the carrier s ! wwal ls and nechanical ly
couple the BGA 20 conpo ﬁm?h%g& lct(—)cl.@ W r ebondi ng and TAB
at t achment Cgnar-Bddryl ahd¥@drd ©nadHi g BOQY texhdiq@edyte ub&l toaktsch skeniconddetor digsrtbace

of a carrier substrate with an ap;})lropri_ate adhesiv%dg%@g)., epoxy) or tape.
WG h a0 ingsERAsEr e thenspdensubaEate FuChAs paried qirsul Dot pd¥tashmepfecagibe and

bonde r onRdi r.o e i it w(e.g.,

ot er SiSef W QR RRIA AR, WlerBAtag br din BT boRREKIEAEN DB g
25 tape suElip edp attpchnyentticalBnailaes balhgdd tvay (BGAY dhpeidgy.0Thé B&Ali e and to
the termnal pads on the carrier substrate. A dielectric (e.g. ilicon or
epoxyﬁom@nﬁ’é‘r@l"ﬂﬂ udss candustive griemah goasts tWPfégy @rthe ﬁ@mpf( %Oécg‘ébﬁli%ﬁfs to

or ev ; ' _ e el g _
eSS RS sch PRl of SRS SOy
ben mouited tf art interpesepot ether catdtist supstrabnée.grgePGBY of 30 i ncreasing i ntegrated

circuit density while reducin ac ize and height is to stack die
Ver t1 cal |yl DibrebiRafacishs sl oS TR Agron st L il u B T B de
st ackaghidhs@hslad, 488 connected by reflowing the solder balls. The solder balls can be replaced with

a conductive polymer that is cured. A dielectric underfill is then interjected between the flip chip die

and the surface of the carrier substance to embed the solder balls and mechanically couple the BGA
20 component to the carrier substrate.

Wirebonding and TAB attachment generally involve attaching a die by its backside to the
surface of a carrier substrate with an appropriate adhesive (e.g., epoxy) or tape. With wirebonding,
bond wires are attached tlo each bond pad on the die and bonded to a corresponding terminal pad on
the carrier substrate {e.g., interposer). With TAB, ends of metal leads carried on a flexible insulating

25  tape such as a polyimide, are attached to the bond pads on the die and to the terminal pads on the
carrier substrate. A dielectric (e.g., silicon or epoxy) is generally used to cover the bond wires or
metal tape leads to prevent damage.

High performance, low cost, increased miniaturization of components, and greater packaging
density of integrated circuits have long been goals of the computer industry. One method of

30 increasing integrated circuit density while reducing package size and height is to stack dies
vertically. Different approaches to packaging have been pursued to provide stacked die devices.

One such example of a stacked die to lower wire bond loop height is depicted in FIG. 1,

shown as an encapsulated package 10 comprising a flip chip mounted on a chip-on-board ("FC-on-
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One such exanple of a stacked die to lower wire bond | oop height is depucten
in FIG 1, shown as an encapsul ated package 10 conprising a flip chip
nount ed on a chip-on-board ("FC-on MKE/ 734098.1 | 7 JUL 2006 chip"). As
shown, the package 10 includes a flip chip 12 nounted via sol der bunps 14
with the active surface 16 facing down onto the active surface 18 of a
bottom die (chip-on-board) 20, which in turn, is nmounted with an adhesive
tape or paste 22 onto an interposer substrate-24. Bonding wires 26 connect
t he betip")padshd@npthetpackdpetifanelddes 20iptobif Eachoantet veceldarden®s 1dnvitththe

e e abd s G5e BRI Ropchet ebeg? < BuEbalt (igon sRoelTBUbbRY, "
PCB (Ol E@M{B@émgﬂué@e ag,%ﬂeﬁ% AL BEPLstd85 o R QUi HR o BIRNBYEAe 24 € BLhiBa!wires

per formance an greater packaging density. However, devel oprrents in
bal | 26 cehnectrthy bomd pats| 28gyn the bopomadiie 20l taleadipstrace endl 30 enttheinkepossr 3fe Thade

cps et pbimenyde o Tl ol B eroraing e ShEAaAR TGReAEo BPOTHRD (T oS 0

condugfysMere QPP oMk rB8krd YO id? sh&DhpP die 12 with the bond pads 28 on the
bottomdie 20, requiring a netal reroute or redistribution |ayer (RDL) 34

di sposed aElipphiprattechreditAne pioayded impraved elagtricat perddrmanee ot allowedi gre@or  The

RDL 34 . eff e%ts .anﬁl ectri aIl i nt e%co nlict.i on (redi sltri guti ora{1 t ween t he

bond Pagfasing dgisity, Heweysr.drvplopmentsin bell etif aAY AFhpAIgsY 58 BRIPHE BEPEdM di e

20 f ofyhfth@hSbdiRGREBNRHe SRV 4nd WiedbtRer fikhbeAS URMalldb8eonhd sthilfer ahd aRORE

pads 13 on the flip chip die 12 can be wafer bunped, for exanple, nﬁé stenci |
a

ptQ nt ¢lager tegetharyip boses erotlems fy the metuat alignresd of thet Jonductivg bRmpsdd efflip p

hi i.e b d di e. di l¥.b d
©he” bEB 4R b3 S 28 SRie o gistD HeBirhfa RGP Fuflee SF HlBORET orr
di e 2Qyea@ PO ENGikpdral by asl@iérateathtd Rybl §a theAurfubies fahy bbthsn 90 ZRr TRURDS/ DAl | s

14 on the flip chip die 12 contact the bond pads 35 of the RDL_34 on the
bot t offefitearmgectrigaldnigrconnectiondredistiabptmn) betviese thedvmdpads 13 gn the fipghip diet] 2may
not b i ; : enci | ndelng,
ol ect PRSP Lfis 28 HhEb oS AF 0 R u e borih? LERE Rlbglle, Tertld
die 1Bord gadk fl 3waythe i ¢hig|dier I@cdcan Beev AELbiBdpddy Ratexamplel by preasil genthgct ri cal
connection to acconmopdat e tt&%fl ipchip die 12 in_either of these

appr oflerEdytepighng ot ¢lagirelpsstatig. amRPLloamthe g chingdie d & mavgiet b peeessary, and

o RS AU BRI ot Bt U PP s S 1
t hat thermtemcha2dcsschanpaticaly depicted is HlGats, wBersby thvsobdsr bompslbel 204 doitheng
an flip chip die 12 contact the bond pads 35 of the RDL 34 on the bottom die 20. However, if the pitch
20  of the bond pads 13 is tight, it may not be possible to wafer bump the bond pads 13 {e.g., by stencil
printing, electrolytic plating, etc), and additional RDL processing on the flip chip die 12 itself may
be required. The RDL 34 functions to provide electrical connection to accommodate the flip chip
die 12 1n either of these approaches.
Fabricating an FC-on-chip can also lead to high costs and process difficulties. For Example,
25  aflip chip mounter is required to accurately align the top die 12 to the bottom die 20. Another
drawback is that damage can occur to the active surface 18 of the bottom die 20 during an
underfilling process onto the active surface 18, and a molding filler can fail to flow into voids
between the dies if the gap is too small.

In view of these and other deficiencies in conventional methods for fabricating stacked die

30 modules, improvements in fabrication methods are desirable.
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underfilling process onto the active surface 18, and a nolding filler 7c&h 2006
fail to flowinto voids between the dies if the gap is too small. In view
of these and ot her deficiencies in conventional nmethods for fabricating
stacked die 30 nodules, inprovenents in fabrication nmethods are desirable.
VKE/ 734098.1 2 7 JUL 2006 SUVMARY OF THE | NVENTI ON The present invention
provides a flexible filminterposer for stacking a tape base flip chip onto
a second (bottom sem conductor die, and sem conductor devices and stacked
die assenblies 5 that incorporate the interposer, and nethods of fabricating

t he devices and assenb'ieséiﬁﬁk@&ﬁ&ﬁﬁiﬁ@iﬂg@ﬁﬂhiiﬂﬂﬁﬁtOr device density. In
particular, the present in . ; . d multi- substrate
devi ce usi fge ?regémﬁmﬁbﬁ Brdfidds!d ek BilLRANRke AV 8- R stAsah 6l a agpeaibé flRScHip

achi eve densely packaged sem conductor devices, wi thout the need for a
r edi stntobusetan (bagtem) §dRDcynductoralie and peroiconduvneori devines pathstpekedidiassamblieski bl e

filminterposer structured for nt i . 10 thereon first and.second .

et cuEbapras Do ieiposenandieods 2t BpisTne PR dEhEeL R Tof Bereasing
f1 exi Qdrfichhdudtdr bGP @ity QRPaiRARrahé hRXEMiSvatBS kélaks icosmEedim@tia first
surface, a second surface, and opposing sides; a plurality of spaced apart

r ecessbstriglerige asipg secogrianasionen diip ghip land ghip-arboard eseiblies o ashiavadenyeby
recei vicrll(g & Snduc(; id\ﬁe C nqecsti r.11(?'1l gpﬂberesd f%f N} Jiist%ttise ' o tor die

t her ePH 8% SR 5198 4&YI5F FAPRRY ?H?ougﬁ {RESEGDEYT &8 di sposed
bet ween t hin siec@pe@sthanthcntish @eovadestafexitiie filiShteaioger siitdtugedfod iruntipg Of
conductive traces disposed on the second surface of the substrate, each

t Facethexaoarfustagd soeand sgamieanguictgpdicdn ajstagked digasseatdys In engcambgdipgat, thecesses
havi n race. di - .N. ano, '

' ox B Qof IS ERE CtpRscy s Mol St R ek 20 h S b BER AR R sk, |
sur f ag®] ofposigGidtssaipludatity ofsishcod pRst rRgesséesinglhBadei and texHding@leroafh thee
substrate is strugtured . 20 for nounting thereon a first sem conductor die
havi ngesibisisubsirate &ré?ces‘ﬁa& eendistiy s cnsseing mombesi adirpignieanduster diedpersidd on
an ach g SHE glgpﬁm@@ ﬂu&@%& S ra%eﬁﬁrfdarﬁ dsed PétWéF{l H{qu efsgés a H%"&E«ié SBhe

t hereon a second sem conductor die having a plurality ofbond pads spaced

al Hngsubstrpter apheplyralithef sarhisttiwt acee dpposdonahp bevoad istnfacefof sipnabdtrate agdch

recesses having a base and extending through the substrate for receiving the
pl ur aF?WWdH%rm&%%O@&Hﬁéiﬂéﬁ%@e choe ot R esarn s havise sdice Srae die
t her ejfR.padd@esgpstrate further conprises one or nore slots extending

t her et hr ough
In another embodiment, the flexible film interposer comprises a flexible substrate comprising

a first surface, a second surface, and opposing sides. The first surface of the substrate is structured

20 for mounting thereon a first semiconductor die having a plurality of spaced apart conductive
connecting members disposed on an active surface, and the second surface is structured for
mounting thereon a second semiconductor die having a plurality of bond pads spaced along a
periphery. The substrate comprises a plurality of spaced apart recesses having a base and extending
through the substrate for receiving the plurality of conductive connecting members of the first

25  semiconductor die therein. The substrate further comprises one or more slots extending therethrough
and along a periphery of the substrate, wherein when the second semiconductor die is mounted onto
the second surface of the substrate the bonding pads are exposed through the slots. The flexible film
interposer can further comprise a plurality of conductive traces disposed on the second surface of the
substrate, each trace extending over the slot and at least one recess, each of the recesses having a

30  trace disposed at the base thereof.

The flexible film interposer preferably comprises a flexible polyimide film (e.g., a flex tape),

having a thickness in the range of about 12.5 pm to about 200 um. The slots are sized and

configured to receive a bonding tool therethrough to contact bond pads of a semiconductor die
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and al ong a periphery of the substrate, wherein when the second 7 JUL 2006
sem conductor die is nounted onto the second surface of the substrate the
bondi ng pads are exposed through the slots. The flexible film interposer
can further conprise a plurality of conductive traces di sposed on the second
surface of the substrate, each trace extending over the slot and at | east
one recess, each of the recesses having a 30 trace di sposed at the base
thereof The flexible filminterposer preferably conprises a-flexible

pol yi miboited bh the(@cond sufatk ek tHedpiejposetand axgosedtthionkh desslom. Ameadhasige element

about 12.5 mto about 200 m The slots are sized an onfigured.to receive
a bontichgs # davblerrieddbesiyntaps Ceeifﬁé&pom ﬁ!}ag"'ést&rlgfar e&%rf{j%f%‘&? Oéﬁ@
MKE/ 734098 L ﬁdh%rgwle S%Q%ngagg(ﬁg ﬂpéélﬁghe second surface of the interposer

t he An a

and exposed throug slots. esive element such as a doubl e-si ded
adhesi ve tpmotie:anspeet, dicsipeedongnotides 4 sersicoahuttardeyive. $monnembodifreot thf t he

substrat.e to adhere the sem cpndyct.or .die theretq. I n another aspect, the
I eriTREPr dedcs TR R AL TR EROST oG D o MRRTOT W Bt
sem cQRAUGIREHRM REuROIMMHESRSHR did 52ViRE § fikit BT LBHRPO SR o 8&%AH AufiSed @nd he

invention and a first sem conductor die nounted thereon, the die having a
fir stthaattivessusfacé emepaniolg a phealitydfspaded @part aomtuctive cerotectieg sgnibacse The first

conprisi.ng a plyrality of spaced art conductiyv onnecting nenbers. The
fi v StscrugThdngiaa i s Mt < e B BfF B fePeveseh At bR HECER T, ch

that RemBRAMGHE YR i§ ARBREH NG reddBBahe ther%vb%r% Bortduchi RCEINMEA with e tA6EHIhOT
the interposer in conductive contact wwth the trace at the 10 base of the

r 6t eslase ahthetrpeess,| aot shepslotsiva the fistt serfadead ¢hofubstiate artheposede An endstflsed. An

underfill ncapsul.ati o terial can be disposed b the active,.surface
o ¢ naeppptes 3R el Bo i ey O (B8 P PR AEEF kel ety

| nt er pegiedt surfhe: SRAE AeELCi] int@posee TREsdnichhdictdriielied @ad urthd RFidéain

el ement such as an adhesive paste or tape, disposed between the active

sur f akdbege elementsdieh@s puadhesivedrasteardanahdisppssdibstweenithenstivesppaseef thes | n
anOthﬁ%ﬂ@iﬁﬁ?@rd&ﬂﬁﬂ%ﬁ%ﬁ@ﬁbﬁﬂﬂg{8%&8&§?a stacked die assenbly. In one
nt, e assenbly conp a

enbodi e I ses | exi ble filminterposer according to

tite i nventintmottry asi@ect, ithisinvedtibngeovides a stadiiatie ugtmblydi bonduibodiment, thee
first and second surfaces, _respectively, of a flexible substrate. The first
seni chemRY sompriecs & ipphle e BfBosenaciording tathermycation hayag firghang|secand m

LB AT 0O S-SR O, B Reghleiiusver

r ecei Vledfiuishsemsictnducton dppd ismabunted afto spatstsuafiae bf thedkes#ide filth intesposer using a
conventional die attacher or a flip chip attacher such that each of a plurality of conductive

20 connecting members of the die is received in each of a plurality of spaced apart recesses of the
interposer in conductive contact with a trace at the base of the recess. The first {(active) surface of
the second semiconductor die is mounted onto the second surface of the flexible film interposer with
bond pads on the active surface of the die exposed through the slot(s) of the flexible film interposer.
An interposer substrate comprising terminal pads on a first surface, is mounted onto the second

25  surface of the second semiconductor die with the terminal pads exposed. The traces exposed
through the slots of the flexible film interposer and the underlying bond pads of the second
semiconductor die are bonded to the terminal pads of the interposer substrate, for example, by wire
bonding or TAB bonding. An underfill encapsulation material can be disposed between the active
surface of the first semiconductor die and the first surface of the flexible film interposer. The

30  interposer substrate can comprise a flexible material such as a polyimide substrate, or a non-flexible
substrate such as bismaleimide triazine (BT) resin, FR4 fiberglass laminate, FRS laminate, or

ceramic. The interposer substrate can also comprise external contacts such as conductive solder

balls, to form the stacked die assembly as a component that can be coupled to an external circuitry
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i nterposer in conductive contact with a trace at the base of the rece§dULTHE
first (active) surface of the second sem conductor die is nounted onto the
second surface of the flexible filminterposer with bond pads on the active
surface of the die exposed through the slot(s) of the flexible film

I nterposer. An interposer substrate conprising termnal pads on a first
surface, is nounted onto the second 25 surface of the second sem conduct or
die with the term nal pads exposed. The traces exposed through the slots of
t he fheXiabheestink@pparh@spos ﬁotﬁﬂ&nﬁﬂ’dﬁirﬂﬂd%h ymtegobﬁmdbﬂasds canf confyerissefrond

sem conductor_die are bonded to the term ads of the interpos

er
subst Pxmple, RJICR sulsipte; opy mpgtheaboasdn dhe gta e BaEHEhEAN %L&P Pylpted to

encapﬁ)gllnaat %Eo%ﬂte“ al can be di sposed between the active surface of the
first sem‘con tor die and the first surface of the flexible film
I nt er poserIn ydianSBert mectpo&envambﬁtprcamescaasmnmmmme packiapexIrbbree erab@timaht,

such as a polyimde substrat on-fl exj ubstrate_such, as
b|%naﬂ@mﬁﬂ@@eWinazlﬁ?ﬁean(wypw@é?ﬁstaﬁﬂﬂﬁ deg %fé?‘@b s Which-fomprses figband sconde
cer an dnicdificloR UL AR eHPS HEAbE: KRNI E QRNd; gt&ﬁ{e%vr@lhoﬁomtﬁ@ﬁése%eﬁ@

as con e SsO orm e stac |e assenb as a corrponent
t hat (t:@ttoimedﬁhqixh@nhohmteénnantieﬂeqmlsemubstmttry M(E/ 734098. | 4 7 J UL 2006

such as a testi tu | n anot [ t, the interposer substrate
can corrprié'bakﬁfg‘% ‘é‘nﬁ]eé“"%{‘t’lﬁéé’rgﬂ %Stff’é‘f’ 038%%’%&‘%?6%\”83 ViEked
di e ags&tihcedfed! 2 P&hENEARSHMAR RS off omcﬁng@ﬁgﬁgl%ﬁlhﬂmi’&boﬁe'ﬂoﬁger

aspect, the Invention provides a sem conductor package. |n one enbodi nent,
51Q heinpapksayeomprpng 8 ésstanrfercapbuseaed sgfacks deat encadgrgitd slot fomined through

conpri first.gnd . secon sem conduct or e unted on,a flexible

"t or BCAIEE BeReH SEe oA OO oo SRt e Feoph STRIST B B8 ng
nmount gduRted 8htol tAE SEARAE ShrfRTIth&lRerpbdir an ﬁlUfa‘} bt %ﬁ@&ﬁece%&@fohﬂ\é@ ﬂirb@@a the
provi des a nmethod of fabricating a sem conductor device I n one enbodi nent,

t he nistdipeset mrbadjs@snt theelatt @1@@ redess havowg elbaﬁg:, and & emradlte Of p¢nﬂmchvetrp@§er t he
10 in rst surface |.east, one
S ongERREE Bh drOTREN hlthsd sk e hisaish s ket PR hehE 46 Epnden W BREN oor
t 5 expesiyt BAd the[bass o Déh CorSRERN] £eif re€uReisGh @lpethendicity BHiestattr & thbelosag@and
surface of the interposer, a plurality of sgaced recesses forned through t he

i nt er POYBlngArshsyraicerductorelia ppthe férébwrfaé@e therflpxitle fitm priswosenthedirp ural ity
e R T e
or rmmenmehsamhomﬁe@ss ee mrerpospesmnﬂatmwoaduameemhaédtimg nianbdref sheodie i@nd
received in a recess of the interposer in conductive contact with the trace at the base of the recess.
20 In another aspect, the invention provides a method of fabricating a stacked die assembly. In
one embodiment, the method comprises the steps of: providing a flexible film interposer, according
to the invention; mounting a first semiconductor die on the first surface of the flexible film
interposer, the first semiconductor die having an active surface comprising a plurality of spaced
conductive connecting members, and mounted on the interposer such that a conductive connecting
25 member of the die is received in a recess of the interposer in conductive contact with the trace at the
base of the recess; mounting a second conductor die on an interposer substrate, the second
semiconductor die comprising a first active surface and a second surface, the active surface
comprising a bond pad, and the interposer substrate comprising a first surface with terminal pads
disposed thereon, and mounted onto the second surface of the second semiconductor die with the
30 terminal pads exposed; mounting the second semiconductor die onto the second surface of the
flexible film interposer with the bond pads of the second die exposed through the slot of the

interposer; and bonding the traces of the flexible film interposer and the bond pads of the second

semiconductor die to the terminal pads of the interposer substrate. Either or both of the steps of
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mounting a first sem conductor die on the first surface of the fl exi bl7@uiizbem
i nterposer, the first sem conductor die having an active surface conprising
a plurality of spaced conductive connecting nenbers, and nounted on the

i nterposer such that a conductive connecting nmenber of the die is received
in a recess of the interposer in conductive contact with the trace at the
base of the recess. 20 In another aspect, the invention provides a nethod of
fabricating a stacked die assenbly. In one enbodi nent, the method conpri ses
t he smepstiy the firaandise@nd skingodndhieof dieronithe Bexibkefilm meapowtt ngn furthet bemprise
invention; nmounting a first sem condyctor die on . the first surfacg of .the

f1 exi BIRYIRE EMmadhest e gheraent to thisurface of G exiaiim é@te@r)éerﬁa94°ﬁ§1%ﬁ¥r§6? P@éle
surfa S| I ' ' AN and
e A e L L O L S S N s St
di e i and ecetheaehdenard thebead pads dfftke sertoad pas@onducterodi duoii exendongt tontling whes he

trace at the base of the recess; unting a second conducjor die.on an

i m er fo@¢ e§Q}B%&haé}t@ﬁtapﬁé0§%%wﬁalnag§%¥@@ﬁgaettapoaqréu‘e%mit‘r ethod jcp further
act | Vet sBERed JiBSsRRIHY B, Rl AkhicGRIVRIr $héldga bond
pad, gon t%gﬁ?%t?gggggéﬁﬁgﬁt& {rﬁgtsegg%rrﬁrgi%&&ngl% f%t surl%ace v(\)n!r?h tgrm' nal
pads di spPheithvehirreadvanagdousbuinigdventhe intheosectno bstweeaeaioforhpmestarahal
sem conductor die with the 30 term pnal pads exposed; unting the.second
e GENHHUGPIE Sy RETROEO Sy P TS RGF TRt BSc FFHHGBos er
with IaE}‘ér (1?85'19) pﬁ%ﬁn@ént?oh%ls%%@@i@e@'h 6a&é&%@%§ﬂ atﬁéﬂﬁ’éhﬂhpttah@ss&hgiy l‘i%figﬁth The

i nterposer; and bonding the traces of the flexible filminterposer and the
bthd padstiof additeonely ehithinadenprobletsasaciaédwith prioe att endérfilingradsalighmehte

i nterposer substrate. Either or both of the steps of MKE/ 734098.1 5 7 JUL
2006 REGAYfhg the first and second seniconductor die on the flexible film
i nterposer can further conprise applying an adhesive elenent to the surface

of the flexible filminterposer and/or the surface of the die. The step of
bondi ng can conprise fGREFHDESGIRIPIION OHE DRAWINGSe flexible film

i nt er poser n ver th races an . the bond of the .second .

sorm conduct BTt EadMn of i P Siidafe A ueP60e P ol RS o o wine
coit agdcdmpanyihg dtAviAks) athiflass foNillubeati elRERRSEHnIFUTSkswhout the Eol®Bying i)
further conprise the step of encapsul ating the stacked die assenbly to form
a senihesaigIrEcd PupsEkaYyBl berrediip therpwingsdiarihe sape sfsrenemprumesslstwill be used

i nter i i : rieg. rate such as an
i nt erglgés%ﬁggertﬂg&%% E%lﬁ/ga‘é ?rﬁf] ﬁéﬁ%gﬁ%{gﬁ ig@%’lﬂ ‘(j)fr%atgcsﬁe ee?l? h}{ glﬂ %ﬁ %t ribution |ayer
(RDL) . TheFI@vEistd adssdestiofpdl idelelsvationackiage i grivrartrepthod@terdt of alstaaksddll y

hei ght. The 10 invention additionally elimnates problens associated with
prior Pagkass GrRRTISing # ﬂg) H“&%"in&ﬁ‘r%‘rﬂn RDL on a chip-on-board. FIG. 1A 1s a top plan view

20 of an embodiment of the bottom die of FIG. 1 (with the top die removed), illustrating an RDL.

4] B

FIG. 2 is a top plan view of an embodiment of a flexible film interposer according to the
invention.
F1G. 3 is a bottom plan view of the flexible film interposer of FIG. 2. FIG. 3A is a bottom
plan view of an embodiment of the interposer of FIG. 2, having a soldermask layer disposed over
25  the traces.
FIG. 4 is a cross-sectional, side elevational view of the flexible film interposer of FIG. 2,
taken along line 4-4. FIG. 4A is a cross-sectional, side elevational view of the interposer depicted in
FIG. 3A, taken along line 4A-4A.
FIGS. 5-11 illustrates sequential processing steps showing fabrication of a stacked die
30  package according to an embodiment of a method of the invention. FIGS. SA-5B illustrate other
embodiments of the step of mounting a flip chip onto an interposer, the embodiment of the flip chip

die having a single row of bumps and the interposer having a corresponding row of recesses.
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processes. BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of 7t#he2006
I nvention are described belowwth reference to the followng 15

acconpanyi ng drawi ngs, which are for illustrative purposes only. Throughout
the followng views, the reference nunerals will be used in the draw ngs,
and the sane reference nunerals will be used throughout the several views
and in the description to indicate sane or like parts. FIG 1 is a
cross-sectional, side elevational view of a prior art enbodi nent of a

st acked diFG.J2dkagessaagidansl, sileslévatipna vigy nbamtcodd smbadinRiit ofa stacked die

chi p-on-bogrd. FIG |A.is a,to .an view 20 of an enbodi nent of the bottom
di e d%‘acnk—‘?g@%?m(a\’ﬁdﬂ?c?@é“ﬁ@pth'a?rgve%%ved), illustrating an RDL. FIG 2 is a
top plan view of an enbodi nent of a flexible filminterposer according to
the invention. FIG 3 is a bottomplan view of the flexible filminterposer
of FIG 2. FIIB ED ¥ : b YEEIORE BODIMENHS i nt er poser

f. FIG 2,.having. al.d k | di d 25 the t . FIG 4 i
DR T T T R ok
FI' G jBustratigtl @ba3URRhts bR aftd frot FrBu d §f IBnfn@3Be 5864.1 PRAfiguiss HRistrate

el evational "view of the interposer depicted in~ FIG 3A taken along line
AA- 4 progessing s&pd forjuse insfabritatingssemieondugior geveessisiaseprdargssvish theiprepent

fabri.cati.on of ~a st.acked, di e 30 package according to an_enbodi t of a
ot i aofn 2! sRyBHRER e ARG SRR SR Pl ol Cort) OB PR eBeel e
st ep fabridkidAprat@sa flip chip onto an interposer, the enbodi ment of the flip
chip die having a single row of bunps and the interposer having a

dér r espondihegnrentionfpreedess BexibdEnyBugpsset f@ stacking 2Bpe biedlip Pgln' antg a

cross-sectional ,  Si | evational . view o ond. e i t -of ,a stacked
o saRRbEtin R ek B A PR R E e AL BRERT SRR pRuebrion o
THE RieoRRESD ubiMB@RhMrNbhaldid Atounb¥Qiipinent. WhelfldRebl€ 686 ihtefds@eneluass fativrdsh
reference to the drawi ngs for the purpose of illustrating enbodi nents only
and rietntersenngst foibie seeomd|digvithayt the aeedios an R pn the wsond figst r at e

rocessin | . f.akri ' ' l.C ¥e dance
N h the Mgl & FIGEE4, In ool ihic10 TERL AR il po i 4" ARol EETRE
pisoc engdntign $¢ dgpictad m orimplidiedesp plan vidw .t Tike Aeatibledilm interposer 36' can be formed

from known insulating polymeric materials, for example, a flex tape. In preferred implementations,
the interposer 36' is comprises a flexible polyimide film (e.g., KAPTON from DuPont, Wilmington,
Delaware, or UPILEX from Ube Industries, Ltd., Japan) having a thickness in the range of about
12.5 pm to about 200 pm, with thicknesses in the range of about 12.5 pm to about 50 um being

20 preferred.

According to the invention, the flexible film interposer 36' comprises slots or recesses 38' to
facilitate a first level interconnection to the bottom die (not shown) by means of TAB or
conventional wire bonding. The interposer 36' also includes multiple recesses or vias 40’ for first
level interconnection of the top die in a flip chip attachment.

25 The recesses 38', 40' can be formed through a first (upper) surface 42' of the flexible film
interposer 36' by a method known in the art and appropriate to the material employed for the flexible
film interposer 36", for example, patterning and utilizing a chemical wet etch or dry etch, mechanical
drilling or punching, and laser ablation.

Each of the recesses 38', 40' extend to a bond pad 44' in the form of a conductive trace

30  formed on the second (lower) surface 46' of the interposer 36'. Such traces 44' can be formed by
etching a conductive layer disposed on the lower surface 46' of the interposer, or by printing traces
onto the tower surface using conductive ink. Preferably, traces 44' comprising copper or a copper

alloy are utilized.

MKE/734098.1 7



fabrication process. to The invention provides a flexible filminterpageL 006
for stacking a tape base flip chip onto a second (botton) die. Recesses are
fabricated in the flexible filminterposer for the first |level interconnect

usi ng convent 'A%@l%wglr?a g?er n &uv@&qﬁ”ﬂ TRemEL c? %Js%8férte@e U8R A%Eform of a slot

I ncl udes featur dnnect 1ot e 5eco t the need for an
RDL on t hithapenncks ddecxtdiehss theregven FeGBcesesAsloas) 38hiredized ahd ofnfagurédto bl e
filminterposer 36' according tothe_15 i nvention_is dg@lcted

sinmplifi é‘éthué‘iﬁlymeﬁﬁW F}Lf\i\‘i:thfﬂ"l‘é ficenryentional hapding tephfss Lapesgionaled b‘gnﬁg%g (EB) or
from kno i Ir?g)?‘g hflyg%hlagglsxﬁmeﬁ Wiat TR §hdd!ss: nfé & aBORIRNS: Thelrb&%sdsBREcan! B formed

preferre t he |nterposer Is conprises a flexible

pol yisn d@ driyl suitasleghapeKARTQN shnane ufdogolar, Whiyhndstiooular, Ded sagiiegluds tapi?ed Bxe
from Ube I pdustries, Ltd., Japan) having a thickness in the range of about
12.5 mt ¥alpout 200 m with thicknesses in the range of about 12.5 mto

about 50 m befqg I‘I%ﬁ)tl b SERtde g%laﬁ cPhdi i Pinthe ﬂ'eﬁ'%fé"ﬁl'n?fhter?@?er f3k5q}3'atﬂr€seiédéa‘

|nterposer 36' conpr ses s ot's recesses 38" to facll first |evel

i nt er conpattdrh and havihie phaleteomintidesiermt shipao)cobgsprasinsitiof bawBpat configuration
conventignal w re bandin e i nterposer al so inclu | tiple \
r ecesses [BPedionanspstive EH"%FFPEP SeIPAVG g %‘F&‘Hﬁ‘i’l‘%@ttf’@ﬁ ag?qleﬁémflr&? 31:'11(5 regesses 40
F1ippehi pard ﬁ%@@%th 8 ré!(ﬁl@ide\%ﬁﬁs%ﬁq&; a%r stftlphtq 28Rl ; eﬁéméd)tsmém@ 3 (LIS
(upper) surface 42" of the flexible fil | nt er poser met hod known

i n the antdeddappe oprduative tr@casr(borrcbp@s) & eetcpli@yedeabelofthveref:ftsem 4Y' at the bhsa 48'
interpos for .exa and t||i I,n ¢he t et h or
ary b on e D Ban: & Fprm B BIC okEAnng solinadarer gF SEr e oretiio i B ne

r ecessesraés 444y pr@%ﬁi@'ﬁﬂ ob@rlﬁn Qﬁk‘ﬁla@fé@l lé‘fer Picﬁﬂy,ftﬁé %l@énﬁasﬁ%ﬂl}ﬂﬁ%és%e trace
30 fornmed on the second (lower) surface the interposer Such

traces 4photohmagsebleclicieatribynatestad Hish garabctblﬁukﬂﬂdﬁp@lﬂeéyea it gpdgeﬁlhm rexporsd

| owey. su fac 46' of .t gser, .or by printing traces onto the | ower
surf{alsce usy n%‘%@r%lﬁcev{:} ﬁ?(“%rtg%Fgngly traces 44' conprising copper or a
copper  al | oy Tae @padell lab#r€ BocedEEATIAO BiFImEd Tn thelldxiR10 GmASteFiRWTBE' th ApRetibasd

plan viewin FIG 3, the recesses 38" are depicted in the formof a slot
Wi th t hePatiese éacorzespend with ithgberskrads ged bumpeopBgegtien of hieghc(flipghiparebeitiashed

and Conf { O Gl seraj%eglb'(grt&l X}H'Jre ﬁgB? d%E%{sqLQ{n%jtgﬁe e LI 8B %%%ntrgl?}p f)j(l)snlgoned,

tool for tape autonate
four-row configuration in the ﬂex1b]e film interposer 36'. Such configuration is made to correspond

20  and receive bumps of a bumped semiconductor die (flip chip) having, for example, centrally
positioned, four-row bump configuration which will be more fully illustrated and described
hereafter. Other patterns of the multiple recesses (vias) 40' can also be utilized to match with a
particular bump configuration. For example, FIGS. 5A-5B illustrate another embodiment of an
interposer 36", 36" having a centrally located single row of recesses 40", 40™ to correspond with a

25  single row of conductive bumps 60", 60" on the die 54", 54'™. In addition, the multiple recesses 40'
can be formed in any suitable shape including, for example, square, rectangular, oval, and circular,
and can include tapered side walls as shown, such that the openings of the recesses 40' are larger
than the bases.

Optionally, an adhesive element 50", 52' can be disposed, respectively, on the first (upper)

30  surface 42' and/or the second (lower) surface 46’ of the flexible film interposer 36'. The adhesive
elements 50', 52' can be utilized to secure a top (flip chip) die and a bottom die, respectively, to the
flexible film interposer 36'. The adhesive elements 50", 52' can comprise any suitable adhesive

material known in the art, including contact adhesives, thermoplastic adhesives and thermosetting
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wire bonding, typically with a width of about 50 pmto about 2 min. TREUL 2006
recesses 38 can be fornmed 5 in any suitabl e shape, such as square,
rectangul ar, oval, and circular, and nmay include tapered side walls. The
multiple recesses (vias) 40" are formed in the flexible filminterposer 36
in a preselected pattern and having a predeterm ned size and shape to
correspond with a bond pad configuration fornmed on an active surface of a
sem conductor die intended to be attached thereto. The recesses 40' 10 can
be f onrdhesived for exapwiedn @dlmfevm god of PsE sweh ag e cenyeitignal qppay of palvipiderdient ed)

si dewgl | F A as h t
ext en ds%é dél%:‘%wé i dr"é‘ gsssl%:sd %‘5‘ Sv%?@%@ﬁ%ﬂ £ OA%"%S% hér eo?iv 60%3@}: {nl%q F
as shpwe d thickhé&ss- suaﬂ'hﬁﬁt fitncsiohdl gy agsiced @YShtrdOthe dagrebef froermied O(f\ceﬂdddﬁﬁe

traces 44' rovide an overlying i nsuI ation |ayer. Typically,
sol debm&cae@%w thedop diejnist rsrsagseihl &lthpegheratshewneadsesiye clerignt é%ﬁabextend

bl 9 n kﬁlrito Qﬁeot(gg gg gfgh aﬁieq’lew e Blm q{xtx fo's!n@@ gﬁiﬁtgqs ;?rgvgd%%l 5)1? %@E&g?ﬁ@q E@g‘ﬁ‘ﬁvltﬂ %ﬁ?leo ped

e apar ecesse ar e exil

f l I m ad}teeweeﬁ)erattaaledl theratopbe&elaehése@b clpatihte S0, 62 caabeagplationht Aekibée Hiond
pads and bu confl%uratlon of the die (f|l? chip) to be attached to the
X

i nt er PéIBpseR g6 ehaaappe of mplacked digpssemd %p pgs: pnanplice spbediment (gpty
centr é}{dvoﬁl) Hgg a&ﬁ%{lﬁ‘edelem&gy&o-r OW G0BE LG eg tb% vk Q&f&éegé'f %ese ﬂdédﬂductor die

i nt er pose utration 1s corr

bu rrpstodfe atabhetipedhs ﬂmxbl@rﬁ:lummmrpmhee%f IMzmy:dvmtpl)Ie mﬂhm@, apipbicatéosaumptheds for
centria posltloned f our-row bunp confi tion which will_ be nore fully
T us it op eeh dhgmee spRlication Brdapvain g 3% SSFGF8 PEIntingsollgr apnkicator,

r ecesgﬁﬁ‘y (Rl &Sk féxo Sitf Al éacfrpia:&%é‘*%é%eéﬁ%/ f)? i Aot Ly en%?%%% gt%urtreg%dt ﬁ)gl?;paan

configurstion. For exanp ate anot her e
i nt ermbbcﬁrtap%or apgdied ﬂ‘mmm’t@nﬁ“er:@ntrm} fim.| ocat ed singl e row of recesses 40"

to co th a 25 si erowo uctive b s..60" onthe
d| e 54" ﬁfﬁgpﬁgé‘mﬁ“ﬁ feAR ep ttqf@rgetLgcigg infpa sta dd‘“ep?%ﬁa&%d in any
SUi t aRlBr@RERANE e Jeelo R iliig tmle,ﬁlﬁqwﬁmmﬁ angul ar, oval, and

circular, and can include tapered side wall's as shown, such that t he
openi ngs oFIGHeS-7 depistseimplificdheress-sacjenal vidvemoli the nvaigtisg agpbomshiag bfithean

adhe nment 50’ ' C di.s tivel on the fir.
Cuppor b fgtiRlemien 36 fonSricobalr Sa8E A4 ipPaRB Fipaipibetaets Bevinia FIG. 5.
flexi meer;rétl(hﬁ@drpmfa@ea@'rof&ﬁe ﬂeif bR faghRSdry&er 86 Qﬂ@lﬁ%r&d@@th arﬁﬁfacﬁ@ﬁhesctwe
utilized to secure a top p chi pzrhdl e and a bottomdie, respéctively, to

the surtaep BP'efithe dieiSdt mcgfdg @ssegsﬁy eaqtm@grfaee ' énnburles agduraligpof kaad pads
conpr 15§ ‘%vx%“%éﬁﬁﬁ'ét \%%u%}p%%e% VUftted %rggn cl?]nﬁ'\éman etd 6 aaﬂr%deter%q}léjcp I ng contact

adhesives er moplas Resives and therimsse
20 configuration. Recesses 40" in the flexible film interposer 36 are 51zed and configured to correspond

to the configuration of the bond pads 58' and the conductive bumps 60'. The conductive bumps 60'
typically comprise a metal or alloy such as copper, silver or gold, or a conductive polymer material,
and can be formed by known methods in the art, for example, electroplating, metal stud bumping by
wire bonders, and stenciling.

25 FIG. 6 shows the flexible film interposer 36' mounted to the die 54" in a flip chip attachment
to form a die/interposer assembly 62', whereby each of the conductive bumps 60’ is inserted into a
corresponding recess 40' of interposer 36' and engage with the traces (bond pads) 44' at the base 48'
of each of the recesses 40". The die 54' can be attached to the flexible film interposer 36' by the
optional adhesive element 50' (e.g., tape, non-conductive die attach paste) disposed on the first

30  (upper) surface of the flexible film interposer 36', or on the active surface 56' of the die 54'. The
conductive bumps 60' in the form of solder bumps can be reflowed to fill the recesses (vias) 40' and
physically and electrically bond with the traces (bond pads) 44’ or cured in the case of conductive

polymer bumps, although other methods such as thermal compression can also be used. The
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MKE/ 734098. | 8 7 JUL 2006 adhesives, for exanple, an adhesive gel or 7pEEE&0
such as a conventional epoxy or polyimde die bonding adhesive, and/or a
doubl e- si ded adhesive tape such as polyim de. Adhesive el enent 50' can have
a thickness such that it functions as a spacer to control the degree of

I nsertion of conductive bunps carried on the top die into recesses 40'.

Al t hough not shown, adhesive elenent 52' can extend 5 onto the traces 44'.
The flexible filminterposer 36" can be provided in a pre-taped formw th an
adhesdonéudtbpduaips H0he ddvseetanneaed tdihcaches(iboad phdsiBatlsy HOans &2t capdnctive

P! L ster ey Phannb skt é. o508 AOREGT GROUEH (rRoRY 1Bt 1 Spdigonts ths s G 8r
el e”%mostgépecesséz 40’ 3@g5a§%@ag+th@9 cfoﬁtat:b tReLh MR b, s%feeefn&iqem@essm WRREKCt or

die e attache exi ble fi mlnterpos 6'. Many suitable
adhesbunqasaib)pthenmﬂmdmtdmwh for 10 liquid or gel adhe5| ve application are

Kk [ I1er. lic , d
{Pans er . A% feetki 1 PGS s fibeRipandsa! s hpiean, & ar SHOVED: i
severgd oo a"ﬁ egﬁ?i/ br g’iilc&?eo&m un@,pd%!n' lﬁ:da h@&%é\%&@ﬂ&f RFivé AR fukBES 56 dnMthe

FIGS. 5-11 11 trate an enbodi nent of thod of form ng a stacked die
pack agper axrfaoc dB e thofletiblei ﬁimamltarpmseufiﬁ Ito réinfpredhe chbexdchbe betiwaeniting élle[féétﬂ’
36" . 5 FI d, cross-sectiopal views of

ond” HBRAPHEISAIT T oieE 2B g TRyt b Bng sommecsns FaimcoR ot cisferny. a9
in a thé hﬁdé%ﬂll%a%éﬁa@%hni%% 1iBb P Bpiiar gracﬁfﬁmd%r résE&efths’iﬁéaﬁiéP&%ﬁﬁg geddiace

42' of the flexible fil mlnterposer is aligned with and facing the
aék i vas kngwnfinthe 56 thvrebtynbe illen&gtialgs dispensed asswdithg perithetenef the dles.‘iﬂf' faade 56

i ncl udes ond 58 with _con uct| e byr 60;. nmo

oy calfivefta? B entatn i RRS ARAE ek ekt SO bttt Bl e RRLBES S
40" iuppePgurfdc@¥ptifend intdpbdek 85D ASBEL %w@&eth%ugsﬂuméﬁmgﬁﬁaﬁueegkamy and
correspond to the configuration of the bond pads 58 and the conductive

bunpsvaggum iMjpetingohed yod¢rit Immlp@l dire diglggirie a‘naltgnaé 9mpb¢ cered threvgh a ghemichby
such p [ (..or a.conductive material, and can
be forr%%%lé’gb@r n%l\%r? ?%‘8859 lﬁ@ Ozirqttherfr% 1até% (19 R%Fect ropl ati ng, netal
sttsud bunplmgcehxyofuﬁltzeng)maciebse deseeibed enddrfiil peo QéﬁFECQ 657) shays-floeurddeesl bl e
filminterposer 36" mounted to the die 54" in a chip attachment to

f or mIBatarid/sen e deprsited iufe diprogesses of thp desible bl Hlt@i)o%%é5c@4db%ﬂilﬂ/@hlbdm?)§4 60"
IS 1 NE&LLEHHERLA. g gyga’xﬁa@ }gb{%ﬂ if és A49nalg-&low(%?%rlﬂl9%§g I%tgﬁnﬁf‘@weﬂﬁﬂ%

with the traces aée eac e recesses

40' . althernthset &4hemmplémac @btm&‘retj/piaally hne phdteKirhl, eard b¢ deposited pos dre r36éss BY" bhe
the interposer 36", and the flip chip die 54" can then be die mounted onto the interposer 36" with the

20  conductive bumps 60" inserted into underfill 64" in the recesses 40", optionally, with the additional
use of a tape adhesive 50" (and/or paste adhesive as desired) applied to the surface 42" of the
interposer. In the embodiment of the interposer 36" shown in FIG. 5A, a conductive bump 65" can
be optionally disposed in the recess 40" over the traces 44" to facilitate electrical contact between the
bumps 60" of the flip chip die 54" with the traces 44". FIG. 5A also illustrates an embodiment of a

25  flip chip die 54" having a single row of conductive bumps 60" and an interposer 36" having recesses
40" in a corresponding single row.

In another embodiment, as shown in FIG. 5B, a non-conductive film and/or paste (e.g., NCF
film) 50" can be applied over the upper surface 42" of the interposer 36", and the flip chip die 54™
then die mounted onto the interposer 36™. The film and/or paste 50" allows the conductive bumps

30 60" of'the flip chip die to penetrate therethrough. Optionally, a2 non-flowable underfiil material can
be deposited in the recesses 40™ of the interposer 36" prior to applying the film and/or paste 50™.

Similar to FIG. 5A, conductive bumps 66" are disposed within the recesses 40" for contact between

the bumps 60" on the flip chip 54" and the traces 44"'.

MKE/734098.1 10



optional adhesive el enent 50' (e.g., tape, non-conductive die attach paskeyoe
di sposed on the first 30 (upper) surface of the flexible filminterposer

36', or on the active surface 56' of the die 54'. The conductive bunps 60
in the formof solder bunps can be reflowed to fill the recesses (vias) 40
and physically and electrically bond with the traces (bond pads) 44', or
cured in the case of conductive polynmer bunps, although other nethods such
as thermal conpression can also be used. The MKE/ 734098. | 9 7 JUL 2006
conduct i vé&Heutgaibl6im datrrpebeanddop disresmedy 68' is hhent mawed ptoradsepardsilovar) by

means,.of _a conductive ste (not shown) such.as a,eutecti er_or

cond ¢ ¢ Zhaé 36& ,e“!t‘ﬁy%‘f“tg‘gl‘)’gﬁ B i“étarp(?ﬁ‘frogu%’ﬂéalg% 2%’% abcblpg%r}'go‘%‘rﬁt@gtEﬂ &SI s e s
40"t prgMh e fh&el WiCALemPRIACt ADSIWRER KIE SRR (1606 shgadd AL BSR4’
with the bunmps 60° then reffowed or cured. 5 As depicted in FIGS. 6-7, a

di el dbixitile filmdeertpobdr 36hisafiguédawith andrfitcard thk agidve susfake dtrnfitie segend dpwer)slie h

Bl ) d, .. b [ b t ti i
5 £ EEbEo v T PR Fort e Fveniyy” B and o ERIERPem Rl 77 bin B bifisg.
tor Qbé@tﬁ’ér%@in&gh@ck&%ﬁ@ﬁﬁ&@ﬂ aRELYRIERA thdhdt, dush 8by taPe allR@ive didleoky | M

interposer 36" and protect the bunp connections from contam nation.
Pr ef exdhedive, and e likederfil|l material 64' is applied by capillary action under

ressure, usin di.spensing needl e 66;. 10 as kn in.t Lt , ereby the
PTFT° e ek Bptofof AREEY Brol SR nash o e MO sy 37 AN I Mt
to flRuvdantrt Hotdrehdioh®diel 48 ichrles PAGEpIRI7SEAONE iR [REphyS thetebACEhH6' Of
the die and the ugger surface 42' of the interposer 36'. OQther known

6'.
8t hadstreserymbetrate 08'iingudesdrmaiaalgrady 80\ongthe firsi deppem swifase 82'n g hevbe 6Fdepfi | |
mat enj al h e tri terial.ca ¢ -1.hr hemi.cal 1 jon,
o by eengS B P St GBS I I T ED med SRR T,
of utddhéstid@enbit Shaudckleacsonaibeundenitatld dRl@aRsalhesiv&known T theartand bé ow
underfill material can be deposited into the recesses of the flexible film
i nt eryf@aE puitable fona, fayexampls, withy tapeadisive gpdigradigch peste g degsibed vathgreechs
sho i opyfl owabl e underfill material 64" such as a thernoset
or m%raghoéglvgseg%@éné%?@ﬁg', typically in paste form can be deposited into the
riécess 40'Inafe illubteatedtabpdigent BFIG.a)) the iherpdsepsubbirptediotis 3tictass tblkeaplee di e

mount ed anto .the interposer 36" with the 20 conductive hunps_ 60" inserted
into tﬁm&wmagw FIGt ﬁka%%m@%enm-aﬁ eéiﬁwﬁapw?mm P QH@rethshal  use

o AR (6o kLl AU ergia o putnth bt
shown testitglaBparais, amcomgothetsi ypbahntGbosecar)’ firecompting mahicyndlicsipe dedcestotane
' ecese?ec?r(i.)c':al gﬁ/p%rratltjshaeretcgr%%%gedlléf': a hgxigl%ﬁidrln;nta édepo?)lzr%g} cgrI p%?)lfimqgg fa?/(e:rt, olr)('c:i‘t ween the
20  non-flexible matenal such as a bismaleimide triazine (BT) resin, FR4 fiberglass laminate, FRS
laminate, or ceramic. Such interposer substrates 70' typically includes a variety of conductive vias
(not shown) that extend through the cross-section of the substrate and establish routing of the
conductive elements through the substrate 70', and further include electrically conductive metal lines
or traces and pads formed on the second (bottom) surface 86' for electrical connection to an external
25  electrical apparatus (not shown). External contacts 88' in the form of conductive solder balls (or
other suitable conductive material such as conductive epoxies or conductor-filled epoxies), columns,
pins, and the like, are used to connect the pads on the bottom surface 86' of the interposer substrate
70" to the electrical apparatus.
In another embodiment, the interposer substrate 70' can comprise a PCB substrate,
30 motherboard, or other like substrate, whereby the top die/interposer assembly 62' and bottom die 68'
are mounted directly thereon, and external contacts 88' are omitted. This structure functions as a

board level device such as a module or a motherboard.
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bunps 60" of the flip chip die 54" with the traces 44". FIG 5A also
illustrates an enbodinent of a 25 flip chip die 54" having a single row of
conductive bunps 60" and an interposer 36" having recesses 40" 17JU1a006
correspondi ng single row In another enbodi nent, as shown in FIG 5B, a

non- conduct i Vl@effelﬂn%@rﬂf@rs RASiRntife ﬂie,asé\i@'?ohefslébn')?f\}@" ' trava s (humdgph)i #id irter
t he upper surface " of the interposer 36"', and the flip chip die 54"

t hen di eemw%amltgnteﬂewmﬁ@rq@b@@ﬂngsbﬂnd pafiRd 61 ¢f| the hadedipast @05'@@“0&1?1 ows
t he conductive

oot i o) Temigs d8 PR 30 Qi enl bdillE: ol Re G RO E kol Mg%?gés BB (b AREE LAY Bligh-

r ecesseshdhd'the Bbttéhilie 68'ab pIRsLExiBIE filmpikiepposto3 6P P Wlﬂ@p’tlhﬁsﬁstdlmamﬂé@be padtte
50"". Simlar to FIG 5A cgnductive bunps 66"' are disposed within the

r ecedsesviggaligned P@@ﬁﬂ&@fﬂl?éﬁ\é%thetsﬁ}ést&mps 60"' on the flip chip 54"' and
the traces 44. L e
and top die ggls%rsmw#(%é%ﬁ%?ﬁwj%%%n%én? ézz ?%tga-@g)e%’gn &eﬁ dkﬂég%ﬁé’pﬁﬁ ere

has beerpgrdui @detlsbnamg B tperfpAsEY toguinsthe atess{Bond pads) am tp tionbdrabpads GGZCB)the
assenbly 72' to formthe stacked die assenbly 74" . As shgwn in FIG t he
second (PasteEe fieft rangdo dlee tegpinahpadsBlegn B‘leémﬁmor??li wbsrgeddr B repessey ﬁﬁ@d

Wi th angso%esﬁ' %%IIBH%C@&E '£4€a ?&{Jlﬁ%ﬁ)oygach% e ﬁ&?d;ﬁbgnﬂg%]g\ﬁﬁ&)shg%) ﬁg?% t370(2?{d' als

to asse e Interposer/top di e assenbly assé

can lige bﬁ‘ldé(he Haaget Her61sThe bosbigiogliea kmmmﬂgamzﬂ foetainpld, hex thetmossochllas
by tape S|ve and/or e dhesi ve, and the [|i conyenti gnal .
oY sl Yoo Lo RREIos or ks BPY Ao LS § AT ST REEL s kygen i

active s[tﬁg,faﬁg:e 76" of the second die 68" includes bond pads 78" along the
peri phery thereof. The 10 interposer substrate 68' includes ternnal pads
80' on the filsthe(lppetdd sanfpem BIG. 9, Theemdieni 6 8onding witherepal Eborfdae® ismsadt Bdll

of an  cuds PUeBRGREH Pelhe FEReE RS Gy BB AP SLRIA e SR rhre ot 8P Re

adhggi vebdﬁmwald 6w tthes ﬁﬁﬁm andbdifd pagé 441'n%'$¢uetﬂ&>d@hﬁ (fﬂ@rdﬁblaftl@ﬁ EXRDIEn uy\FI(b .
t ape adhesive or di e attac aste, as described with respect . to adhesive

el ement s!Bpbondswires 92 ar extraded anddrpdecdie thersamiRm ﬁ@ds ' pn@e uterppger substrate 70"
| nter posphe SHPEIIAIR Alhcubs 1SbSMELULRE HhE AERIA fim LRE 6D DK AART e diThia

9) as a conponent to an electrical "apparatus suc
ext er nal theiimtexposerysubsiodte AL VIN)otlsar embadineemy tThdd lboacﬁldg (aﬁd altmsm;nutbendmg; TOAMN

G T EIC N GCOMNCRE ST T e T
20 Referring again to FIG. 9, the wire-bonded stacked die assembly 82’ can be partially or fully
encapsulated with a dielectric encapsulation material 96' using known techniques in the art to form
an encapsulated stacked die package 98', for example, by spin-coating, glob-top, pot molding, and
transfer molding.
The method can be utilized to fabricate an assembly comprising additional stacked die layers,
25  such as the embodiment depicted in FIG. 12. As shown, a semiconductor die 100" has been surface
mounted by means of an adhesive element 102" onto the second (inactive) surface 104" of the die
(fhip chip) 54". Additional die 116" mounted on a flexible film interposer 118" having recesses 38"
(assembly 120") can be mounted on the die 100" and bonded to the interposer 70" as described
hereinabove. Bond pads 106" can then be bonded as described previously to terminal pads 112" on
30  the interposer substrate 70". Further dies can be added to the stacked die assembly by alternating a
surface mounted die (100"} and a flip chip/flexible film interposer assembly (120").
The flexible film interposer of the invention functions to redistribute and connect the bond

pads of the bottom die to bond pads of the upper (flip chip) die, advantageously replacing the RDL



el ectrical apparatus are conprised of a flexible |amnated pol ymer or7JUL2006
polyimde |ayer, or a 20 non-flexible material such as a bisnmal ei m de
triazine (BT) resin, FR4 fiberglass lamnate, FR5 |am nate, or ceramc.
Such interposer substrates 70" typically includes a variety of conductive
vias (not shown) that extend through the cross-section of the substrate and
establish routing of the conductive elenents through the substrate 70', and
further include electrically conductive nmetal lines or traces and pads

f or net4p requived see o eqbonal ding clsiprftadends, asfiio F16L &oandiat dgss gositeatd on to an

t | 25 i | t us. 1 EXT | . tacts 88' .1 th
For m oiveaa RolFe. BordRibRn el dSieh BY sy o1t s b3t B PGee il dy  oucn
as CopghChi Vs (RPRXERSs Wiasq?W%SQﬁrpHxJeh%éc&R@(Wﬁﬁhmﬁﬁhg ﬁﬂhsuppg]?'(ill\i%,echﬁf)dﬁé he

i ke, are used to connect the pads on the bottom surface 86"

i nt er ppothe botsarh slia; heimg r@glilytashichable using i coalerdippal die gwunting dewehelurther, the
enbodi nent, ., the i nterposer ., substrate 70" can.conmprise . a,P sybstrat

ot el BORPClal a5t Herd Rt UBETY A BORRE Sy ETEI UG BPET EdrRcLaId bord
assenrpgdg oadhe %&@Iét@@n%t%r@%ér cai& sUBHER cﬂiercﬁﬁieﬂti)bn.t hereon, and exter _nal
contacts 88" are omtted. This structure functions as a board |evel device
such as a Hoatigditeons theprassmhpadkoge achidwcsa Tiggioddy low packagg profd@Obheedakage ng t o
FI G .in,mounting the.assemli.es 62', 72', the .traces (bon a 4' in
The  Pesigu Dbl Son DS ST prbGsses Binet M b AR S S e Bl o
di e 6fhterpSdeP¥idiirh@Nather AR A CYive SYIFARDFIMCELt R dlel GRS redveiMES)icldQBH Hré@sd -

LOC nounter) can be used to align and then bond the bottomdie 68 ‘to the
f 1@xi Biféculii¢sm i nt erposer 36'. A split optics systemcan also be used to 5

view alignged portiaons.of.the die and the substrate., FI.GS. 9-10 depici the
nssenpl | eoteambiasel Ri ot f8efd ettt BT s Criudd gt miE pEest

bondi g@chic afABstoitGaNghd meOafcal feBEkrdsO Ii Ritd bt DRddrER6E hotWRBH tiAdS indéntidnO
t he bond pads 78 of the bottomdie 68, and to the term nal pads 80" on

t he i1t fmdted tatsspecfie features stiwevy andedpsersbedgsines e mgapg Herein giselased access

for a J 1 nd Ll ar not own). to the. bond
pads SOTEHe R AL A Lo BRhe bt F B BEPHAE Yt PRlenf R bsretst AT
exanmphsy, offigrforrheornasdificanddsywithinmied pepert tepaOLHERpESSle® 0lahAH Apptopriately

t ape- aut omat ed bondi ng (TAB), or. other nethod known in the art. In the

i || ustfeapisteddn apgnrdancy vathghe doctring pfgawMalentsondi ng with a bal | bond 90' is
used. Ball bonds 90" are fornmed in the recesses 38 over the traces (bond

pads) 44' and the bond pads 78 of the

MKE/734098.1 13



15 bottomdie 68, thus joining the bond pads 44', 76' together in on&JUL2006
operation, as best seen in FIG 11. The bond wires 92' are extended and

bonded to the term nal pads 80" on the interposer substrate 70'. The bal
bonds 90' function to bond together the flexible filminterposer 38, the
bottomdie 68 and the interposer substrate 70'. In other enbodinents, TAB

bondi ng and ul trasoni ¢ bondi ng, as known and used in the art, can be used
to connect the traces 44" and the bond pads 78". 20 Referring again to FIG
9, the wire-bonded stacked die assenbly 82" can be partially or fully
encapsul WIBUTUSICL AIMIEP Bt ri ¢ encapsul ation material 96' using known
technlques in fG 8@%% to form an encapsul ated stacked di e package 98', for
exanpl e, by sPi iy tergpeRs- O8It nol di ng, and transfer nol ding. The
met hod can b YorfdPdihfak & 1aR8 o 'iﬁ'ga@l
stacked die eaaﬁ%ﬁliépezsgg%lta%u%&%ﬁ t agﬁgﬂ%gﬁd?ﬁe@rﬁe %Iepl cted in E?%i :

shown, a senixpndlity of spdte 4RO reteasesivagndisgtiraceh Thmﬂfﬁtbé@SLtb?tr@féé?ﬁEm%ﬁ bags at

Sanes! ek IR AR L e SO NP SR S AR b b OB LS,

118" hawdoRgudiReedse&tid8 men{Rs ARFEIY 0h 20’ a):tv@e%‘ﬂnﬁﬁée GDaJﬂtseéhlﬁllaorﬁd'l&tdiI(ﬁe ARG and
bonded to the interposer 70" as described hereinabove. Bond pads 106" can
t hen be fbaﬁaaa'ﬂagmaégwheo@dt priags s{idelexible @O 4i& pads 112" on 30 the

I nt er poser S;:FSQ!Btri%hﬁeJQuouglﬁutﬁE suHeGRd 81@ o8 a@ﬁgaq t(% 8 IEQE’? oﬁé @Fﬂﬁ%@ Al 6 the

assenbl y ternatin surface nmounted die
chi p/ fl esxlb:maee fth¢ mhoi m@repndsrenf gls;sélrb:leyel(fazbbr)dmg'twl fHee&Xhﬂ@L]gh fq ¢cmtacmb@1dpmger

of the i ventlon functions.to redistri and ect he~bo

bot t om 118 FsP B BHcST ARG pEodh Be SitnT SHER o WA IPIBE syl S
replacing the Bm'-a]ll offcohbdhctRROfckSdidpdsedithh rRAetdhdasuefaty/eMthe antdtrafel e4oh elaéed
attachnent, as in FIG 1, and at |ess cost than a conventi onal RDL.

In
addi t i orfX\GHHERYST Hie st apfhat kepe,enp Fesess eaehioh therigersass hanie adrasg dispesed at the
rel ativelye thepdoge size of the recesses (vias) provides inproved accuracy
wi th nmounting the upper (flip chip) die to the bottomdie, being readily
achi evabl e using a conventi onal d|e nDuntlng device. Further, the 5 recesses
(slots) .are adily rec bondi.n h_to.bond the
(oL ots) e oo e At ok ot PR b Tl LBk SRR o, ¢
in one operation. In addition, the present package achleves a desirably | ow
package _profi ckage ign so utiliz nventl | underfil
processes thrbwdkﬁqﬁﬁgiFéHeﬁﬁﬁﬂdi sﬁ?@ﬁﬂ@”%ﬁﬁﬁﬁg’ @XV%H%%“Fnterposer
substrate rather than the active surface of the bottomdie, thus reducing

yield and process
. The flexible film interposer of Claim 1, having a thickness in the range of about 12.5 pm to

about 200 pm.
5. The flexible film interposer of Claim 1, wherein the traces comprise copper or a copper alloy.

6. The flexible film interposer of Claim 1, wherein a slot is disposed adjacent to opposing sides

of the substrate.

7. The flexible film interposer of Claim 1, wherein the slot has a width of about 50 pm to about
2 mm,
8. The flexible film interposer of Claim 1, wherein the slot is shaped as a square, rectangle,

circle, or oval.
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10 difficulties. In conpliance with the statute, the invention has beghUL 2000
described in | anguage nore or less specific as to structural and net hodi cal
features. It is to be understood, however, that the invention is not
limted to the specific features shown and described, since the neans herein
di scl osed conprise preferred fornms of putting the invention into effect.
The invention is, therefore, clainmed in 15 any of its fornms or nodifications
wi thin the proper scope of the appended clains appropriately interpreted in
accordance with the doctrine of equivalents. ME 734098.1 13 7 JUL 2006 WHAT
IS CLAAIMED IS: 1. Aflexible filminterposer, conprising: a flexible
substrate conprising a first surface, a second surface, and opposjn sHpes;
a pluraldty o hesfﬂﬁdg'ﬂ ﬂé‘iﬂd‘t"t@rﬂoé?fégégé"Télot”é'ﬁ(ﬂ?'ﬁéhet‘AWF%SGWOP%'SFI"%%%ISé walls.
substrate having a base at the second surface of the flexible substrate,
each recess sized and configured to receive therein a conductive connecting
menber didsposBa fexible fantinegosurdfddainof, whdreinshe meersesoransise vedicel ynpreamted
fIip-chiﬁ nounted on the first surface of the flexible substrate; a sl ot
formed t 4ﬁwﬁ§ﬁ the substrate and di sposed adjacent to at |east one of the
sides of the substrate; the slot sized and configured to receive a bonding
t ool therethrough to contact bondﬁﬁads of a second sem conductor di e when

nmount ed bn t hEhsseahls [dmrintgeoseroliHaint |.axhaseia taaiseesees ae 2HAEed IPRPEM Tty of
conducti yve. [ C e of

Crace. cirerrant deRit % Ry Ay REANE S0 Afecl of s dEmERRRI AT i LARERaded
havi ng ahteace di sposed at the base thereof. 2. The flexible film

i nterposer of Caiml1, conprising an insulating polyneric material. 3. The
flexible filminterposer of Claim2, conprising a flexible polyimde film

4. The fixxi bfig fiddiBliMhaneaiesr ATCIEhal M Hareifalyd RGeded 41t 6kdpRE 3s b Bqiakg T ange
of about 12.5 pmto about 200 pm 5. The flexible filminterposer of C aim
1, wher eeHapHE F1he 85 ¥8npri se copper or a copper alloy. 6. The flexible
filminterposer of Claiml1, wherein a slot is disposed adjacent to opposing
sides of the substrate. 7. The flexible filminterposer of Claim1, wherein
t he sl otlXhas Bhanlleibledfimabsutos&of§ilaint b vallpoein the slot comprises tapered side walls.

14. The flexible film interposer of Claim 1, wherein the slot comprises vertically oriented
sidewalls.
15. The flexible film interposer of Claim |, further comprising an adhesive element disposed on

the first surface, the second surface, or both surfaces of the flexible substrate.

16. The flexible film interposer of Claim 15, wherein the adhesive element comprises a contact

adhesive, thermoplastic adhesive, or a thermosetting adhesive.

17.  The flexible fitm interposer of Claim 15, wherein the adhesive element comprises an

adhesive gel or paste.

18.  The flexible film interposer of Claim 15, wherein the adhesive element coniprises a

double-sided adhesive tape.

MILWALUKEEZIS 1533



2 nmm 8. The flexible filminterposer of aim1, wherein the slot i%JUL2006
shaped as a square, rectangle, circle, or oval. 14 H |LWAVI: EE .735 153 3
7 JUL 2006 9. The flexible filminterposer of Claim1, wherein the recesses
conprise tapered side walls, 10. The flexible filminterposer of daiml,
wherein the recesses conprise vertically oriented sidewalls. 11. The
flexible filminterposer of Caiml, wherein the recesses are arranged in a
pattern corresponding to a bond pad configuration on an active surface of a
sem conductor die to be attached thereto. 12. The flexible fil minterposer
of O ai mol, \ifrerfiExible A ivepssesf flamstfapadreisthy adigsieslemendds disprsed oefhec| e,

or oval. 13., The flexible film.interposer of. Claim.1 erein the slot

conpr i sé§CQr§p5é'ng‘éF %ﬁﬁ"eﬂs\éllbkss.umﬂﬁte T aRPIICE c?iufentﬁmﬁ%[cr poser of Claim1,
wherein the slot conprises vertically oriented sidewalls. 15. The flexible
filminterposer of Claim1, further conprising an adhesive el ement di sposed
on the %0 r st Theffexide film hepesssod Claims lacemposing s, disgiereariaas Qffreqeness idhanp| e
subst r ata%h s]h(?e ei%_]n@ntuisﬁfé'ség tﬂexfebétWeEr%ﬁ“[l%gﬁ@trsu%cec{)ﬂ'hghéﬁ’b]eV\!L'tj%Et‘?étQ t h_e
adhesi vé el enen conprises a contac adhesive, thernoplastic adhesive, or a
t hernosetting adhesive. 17. The flexible filminterposer of C aim 15,

wher ei n the hesi v enent conpri ses, an . adhesi.ve gel, or ste. 18. The
ot bl i1 e SR Torrera nIam \adrs ot Ru Saf el BR e ShetymiF s o
a doubliggsi ded adhesive tape. 15 nnLwnur EE735 533 7 JUL 2006 19. The

flexible filminterposer of C aim 15, wherein the adhesive elenent is
di sposed on the second surface of the flexible substrate and over a portion

of the tyaces, flexible film interposer, comprising:

a flexible substrate having a first surface and a second surface;

an elongate slot extending through the flexible substrate adjacent to at least one side of the
interposer, the slot sized and configured to receive a bonding tool therethrough to contact bond pads
of a semiconductor die when mounted on the second surface of the flexible substrate;

a plurality of recesses extending through the flexible substrate and adjacent the slot, each
recess having a base at the second surface of the flexible substrate, and sized and configured to
receive therein a conductive connecting member disposed on an active surface of a semiconductor
die in a flip-chip attachment onto the first surface of the flexible substrate; and

a plurality of conductive traces disposed on the second surface of the flexible substrate, each
trace extending over and exposed through the slot and the base of at least one of the recesses, each

recess having a trace disposed at the base thereof.

23, The flexible film interposer of Claim 22, wherein an elongate slot is disposed adjacent to two

or more sides of the interposer.

24, A flexible film interposer, comprising:

a flexible substrate having a first surface and a second surface;

an elongate slot extending through the flexible substrate adjacent to at least one side of the
interposer, the slot sized and configured to receive a bonding tool therethrough to contact bond pads

of a semiconductor die when mounted on the second surface of the flexible substrate;

AMILWAUKEEVTIS 1533



20. The flexible filminterposer of Claim1, conprising two discrete atdak0o
of recesses with an adhesive el enent di sposed therebetween on the first
surface of the flexible substrate. 21. The flexible filminterposer of Caim
1, further conprising a sol dermask di sposed over the traces. 22. A flexible
filminterposer, conprising: a flexible substrate having a first surface and
a second surface; an elongate slot extending through the flexible substrate
adj acent to at |east one side of the interposer, the slot sized and
configured to receive a bonding tool theretlurough to contact bond pads of
a sem conductagslu@iiey Nﬁé@sﬁmwmteadin(gnhttohgh Ered‘mn'cbl@wasame aofl adjaeertt thexdldy] each

substrat e; apluralty recesse 0 trate
and adj d2€RE Daiee 3 pase tg‘ééﬁco‘}desé’ 4g° WI&S? ﬂ@’“ eﬁé@%’ \§ a{1ﬁélz§ge%c?,]8oﬁ ?i% of
the flexiQig SHRHS %:ﬂuct‘?\rédco?ﬂh@&ﬁil g R R dpBsdiesh dntactit € s@irace OFB@étﬂchncﬁlctor
conductive connecting nmenb dlsposed on an active surface of a

sem condircingr flipetihép attachmiehy @ﬁ@med‘llaftiuafémfrﬂ?e oferposericandi r st surface of the
f l eXI bl € SUbSt rat Fl yhgfncfopél‘)ﬁ?%’urg%ce bs%p%f gmﬁllé%%do% rSEl]r (%tgé g%gﬁ%ugﬁ a%ehgach

second surfadd 8¢t eac Xt en over

exposed tiab¢ exghdihheval ot eapeket igobgste efot atid dneaa:ﬁ‘tthomes:sﬁs.t he recesses, each
recess having a trace disposed at the base thereof. 23. The flexible fi I m
interposer of Claim22, wherein an elongate slot is disposed adjacent to two

or nor e o3i desryfndiige ik ‘%ﬁ&%ﬁ% of €haim™ 4l Le¥iel ﬁ1 ddHeBvE BleRIeROR A spoSBAthS FiRD:
a flexible substrate having a first surface and a second surface; an

el ongat eudhat ttexeendi nglathoobigth suHecdsloédichlexitdebehistratee adj acent to at | east
one side of the interposer, the slot sized and configured to receive a
bondi ng tool therethrough to contact bond pads ofa sem conductor die when
mount ed 26n t hitheSR&ME fishiiftapesedfof Uemfdsexinblet suddesiat elenk@t isNidpobddARh/35
'53.3 7 JUL 2006 a Iurallt of recesses extendl ng through the flexible
substratsécoé'ﬁ(f"ga‘f"a‘bfgh? F’Fi@lesﬁ“BWau’e%‘@ﬁaPPEE@S‘ECtP%V%?@ a base at the second
surface of the flexible substrate, and sized and configured to receive
therein a conductive connecting nenber di sposed on an active surface of a
sem condict orA flgiigld fmainfarpgsesispppasinachment onto the first surface of the

i nterposer; aanf‘ijemble substrate having a first surface and a second surface; and

an elongate slot extending through the flexible substrate, and positioned along a peripheral
edge of at least one side of the interposer to expose bond pads on a die mounted onto the second
surface of the flexible substrate, the slot sized and configured to receive a bonding tool therein to
contact said bond pads;

a plurality of recesses extending through the flexible substrate and adjacent the slot, each
recess having a base at the second surface of the flexible substrate, and sized and configured to
receive therein a connecting member disposed on an active surface of a die mounted in a flip-chip
attachment onto the first surface of the flexible substrate; and

a plurality of conductive traces disposed on the second surface of the flexible substrate each
trace extending across and exposed through the slot and the base of one or more adjacent recesses in

a perpendicular orientation to the slot.

28. The flexible film interposer of Claim 27, comprising at least two elongate slots positioned

along opposing peripheral edges of the interposer.

17
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a plurality of conductive traces di sposed on the second surface of thaJUL2006
fl exi ble substrate, each trace extending over and exposed through the sl ot
and one of the recesses. 25. The flexible filminterposer of C aim 24,
wherein an adhesive elenment is disposed on the first surface, the second
surface, or both surfaces of the flexible substrate. 26. The flexible film
i nterposer of Caim25, wherein an adhesive elenent is disposed on the
second surface of the flexible substrate over a portion of the traces. 27. A
flexible filn1interposer, conprising: a flexible substrate having a first
surface @nd arnedretde SUf {rae@psaand Caimel7ongatet Bk odcesset erecﬁ:rrggédfrm@nemnhe
flexible substrate, and positioned al ong a, peri herﬁ e, of gast gﬁﬁ
A @ 'ettﬂ € 8%

side of PHESHCAEBEHDEEPNY Ba%%%é*aﬁaﬂanﬁaagﬂwu aiuawe
surface gt ﬁa sfuLf%& Bt fie LB Rb&irart BEL d;%'u%ngéke%%ia@ﬂgcl%?}r&ftﬂaﬂﬂﬁﬁﬁ to receive

a bondi ng tool ereiln to contact sal a plurality of recesses
ext endi ng t hrough the erX|bIe substrate and adjacent the slot, each recess
havi ng g, .base.at, t sur exi bl e.subs S|zed and
con | gurdd s die 87 RRFepiie SEiiaer: fipteshsar Simkp SuAdh G APuR Fi @
surface pkeq die nDunted |n a flip-chip attachnent onto the first surface
of the flexible substrate; and a plurality of conductive traces di sposed on
the second surface of the flexible substrate each trace extendi ng across
and exposed t S Qr j S
" & porpends oAbt s HiepoRhy Ehip 8 fufter SR Rind Bl QUREMEEEMNen! BSRRSE

i nt er poseer bk s@dainmsR7, conprising at | east two el ongate slots positioned

al ong opposi ng peripheral edges of the interposer. 17 M LWAUWK EEV35 153 3
7 JUL 2006 29. The flexible filminterposer of Caim?27, wherein the
recessesnar e ANEABEEEIN Rtedpdat, kemPrisie®r r esponding to a bond pad
configuration on_an active surface of a sem conductor die to be attached to
the first suﬁﬂkﬁéﬂ%ﬁmﬁﬂéwﬂPéW£@ﬁé5@%5@??%&%@%WOWh%"Wﬁ%erposer inaflip-chip

g;t achnment. 3Q. eﬂnggtefsll Qlu@mg 't!d 81.%%@%%‘:@%9 atga]%hg‘aﬁ)%nﬁé%lt%}%@ of at least

nprising a so rnas |spo er the traces exi bl"e |Im

i nt er posee soie oCtei imedMsert thetshasized apd t@ifiggreao agtitesiatwndirenteat theicdpogbdo
contact bond pads of a semiconductor die when mounted on the second surface of the flexible
substrate;

a plurality of spaced apart recesses extending through the flexible substrate adjacent the slot,
each recess having a base at the second surface of the flexible substrate; and structured to receive
therein a bumped contact disposed on an active surface of a die flip-chip mounted on the first surface
of the flexible substrate;

a plurality of conductive traces disposed on the second surface of the flexible substrate in a

perpendicular orientation to the slot, each trace extending across and exposed through the slot and

the base of at least one recess, each of the recesses having a trace disposed at the base thereof.

A flexible film interposer, comprising:

(U3
LV

a flexible substrate having a first surface and a second surface;

an elongate slot extending through the flexible substrate along a peripheral edge of at least
one side of the interposer, the slot sized and configured to receive a bonding tool therethrough to
contact bond pads of a semiconductor die when mounted on the second surface of the flexible

substrate;

18

MILWAUKEEVT3S 1553



over the soldermask. 32. Aflexible filminterposer, conprising: a fl&tVbpo
substrate having a first surface and a second surface; an elongate sl ot
extendi ng through the flexible substrate al ong a peripheral edge of at | east
one side of the interposer, the slot sized and configured to receive a
bondi ng tool therethrough to contact bond pads of a sem conductor die when
nounted on the second surface of the flexible substrate; a plurality of
spaced apart recesses extending through the flexible substrate adjacent the
slot, each recess having a base at the second surface of the flexible
substrate; amaplstalinebispeckd aparieesses extehéingitimoaghtedledibdosttatatedidppos tdthen

an active surface of a die flip-chip nmunte n.the first surface . of the
lext bl STy perasess vl s Pagest freGredgiatiat guit Pie Pmetl St ndshiony
sur f ace Qfrefnlheblihsed Wn@icBYRBE£ALE ahMadiveRGFBENE LIt Alp-Oib @Rdudtddosh thefitdne
slot, each trace extending across and exposed through the slot and the base
of at | easecopblhe dlevdie subsieticof the recesses having a trace di sposed at the
pase ther eof ., Birafy bt ERLBLR 1 I O6REPES Ble <RI BLNGE tn@ AEL B BhSirare ina
substrate havinhg a TiIrst Surface and a second surface; an elongate gl ot

ext endi ngrjdntituuddn othetafidrerd the elos wbdt wak exahding aarqae riddrgroatd thagmhafe Sdt aneast
one side of the interposer, the slot sized and configured to receive a

bondi ng '1'® T“?ﬁ@fg?ﬂﬁwﬁéﬂmf%angontact bond pads of a seni conductor di e when
nount ed on t ha, sReQvEcIsthehaiSHREd sNBellr@suRb&, 1RURed RS acd Br b¥inl du¥ides KERe
7351533 7 JUL 2006 a plurality of spaced apart recesses extendi ng through

t he fl exXiwilde sutpdateat e adj acent to the slot. each recess having a base at

t he second surface of the flexible substrate and sized to receive therein a
bunped contact di sposed on and active surface of a die flip-chip nounted on
the firsH4. suffaiteiot fiihentktpexéraf € s b3y, mdkesin an pdhesiak ieteynant isabspduet envbe
traces di%?O ed.on {heﬂse%fnd surfagf of the.fgﬁxbee substrate in a

per pendiSEEEr UGPSR LF (TEXDIGSUPNES ARt 0VeR A PR R dheY3%idi ng across and

exposed through the slot and the base of at |east one recess; and

35. The flexible film interposer of Claim 33, further comprising a soldermask disposed over the
traces.
36. The flexible film interposer of Claim 35, further comprising an adhesive element disposed

over the soldermask.

37. A flexible film interposer, comprising:

a flexible substrate comprising a first surface, a second surface, and opposing sides;

the first surface of the flexible substrate structured for mounting thereon in a flip-chip
attachment a first semiconductor die having a plurality of spaced apart conductive connecting
members disposed on an active surface, and the second surface structured for mounting thereon a
second semiconductor die having a plurality of bond pads spaced along a periphery of the die;

the flexible substrate comprising a plurality of recesses extending through the flexible
substrate and having a base at the second surface of the flexible substrate, the recesses sized and
spaced apart to receive therein the plurality of conductive connecting members of the first
semiconductor die when flip-chip mounted on the first surface of the flexible substrate; and one or

more slots extending through and along a periphery of the flexible substrate, wherein when the

19
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an adhesi ve el enent disposed on the first surface, the second surface] Jigy2000
both surfaces of the flexible substrate. 34. The flexible filminterposer
of Claim 33, wherein an adhesive el enent is disposed on the second surface
of the flexible substrate and over a portion of the traces. 35. The flexible
filminterposer of Claim33, further conprising a sol dermask di sposed over
the traces. 36. The flexible filminterposer of Caim35, further conprising
an adhesi ve el ement di sposed over the soldermask. 37. A flexible film

i nterposer, conprising: a flexible substrate conprising a first surface, a
second sex:roﬁnacsemncandtmpprsnmgomltcte&161€0t1hee bonding pagsfaacexped theofahdke Bels, the
substrat str for, mountin att ment a first
senicond ¢ F16F 8" ¢ ngHﬁtg %FU?&%??@”%WOQ g%%@tﬁc ?& ﬁé) OFiP gpconnectlng
menbers di sposed on an active surface, and the second surface structured for
nmounting thereon a second sem conductor die having a plurality of bond pads
spaced aBong Téﬂepf@Nbé@hEW”ﬁ?lpﬂﬁ»‘éOﬁpéa'mt%eﬂ‘ﬁ‘I"é‘x?%ﬁ@'%‘lﬂast rate conprising a
plurality of , ‘?&%ﬁ@e& ﬁ?%&&“;% g ets*bp hﬂeé%%%h anf?ace 5 ﬁé&&ﬁ«‘m%ﬂ&uﬁ@%é&g a
base at the £dcond surtace of th eX| e substrate, e recesses sized and
spaced apag exttodingoedrike tlbearrehau |dakteorelrewead, ietah mffthe:muduc$ harengomecdispoged at
menbers of the first sem conductor die when flip-chip nmounted on the first
sur f ace " PRI §Uxi bl e substrate; and one or nore slots extending through
and al ong a periphery of the flexible substrate, wherein when the 19

h- 0l LWAUKEE\ 735153.3 7 J U L 2006 second sem conductor die is nounted

t her eon 3%t he “hemicaeystadsiericd cerposSEd: t hrough the slots, the slot sized and
configured 1 q f8C8l 4R, 00NG wgg%'flztgg{new rfe GO @&fonamacgonfé amssm,

The flexible filminterposer o her conprising: a plural
conduct |cumptislagesplmhala;yas‘es;hand aphre caeivonid: snné@ing ndmidig dhbexi bl e subst r at e

each trace extendi over t % a% | east one .recess, each aof the
recesses haviﬁ%mqgf?QB€“8V@§3§8WPHP“g€ &* g%%%ﬁﬁgpngng§§§HAU§qﬁrg@ﬁ&hg¥€r
devi ce, sGIaR! hiskRGgatd shot EatndERIIheAYCEOIndd| @ ghaydriplier] EddeSdf st tdabivme Sidefoace
and a second surface, the active_ surface
the interposer, the slot sized and configured to expose bond pads on a second semiconductor die
when mounted onto the second surface of the flexible substrate, and to receive a bonding tool therein
to contact said bond pads, a plurality of spaced apart recesses extending therethrough and adjacent
the slot, each recess having a base at the second surface of the flexible substrate, and a plurality of
conductive traces disposed on the second surface of the flexible substrate, each trace extending
across and exposed through the slot and the base of at least one recess in a perpendicular orientation
to the slot, each of the recesses having a trace disposed at the base thereof;
the first semiconductor die flip-chip mounted on the first surface of the flexible substrate of
the flexible film interposer such that each conductive connecting member disposed on the active

surface of the first die is received in a recess of the interposer in conductive contact with the trace at

the base of the recess.

40. The semiconductor device of Claim 39, wherein the flexible film interposer comprises a

flexible polyimide film.

41.  The semiconductor device of Claim 39, wherein the traces comprise copper or a copper alloy.
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conprising a plurality of spaced apart conductive connecting nenbers;7 BP0
flexible filminterposer conprising a flexible substrate having a first
surface and a second surface, an elongate slot extending therethrough and
al ong a peripheral edge of at |east one side of the interposer, the slot

si zed and configured to expose bond pads on a second sem conductor die when
nmounted onto the second surface of the flexible substrate, and to receive a
bondi ng tool therein to contact said bond pads, a plurality of spaced apart
recesses extending therethrough and adj acent the slot, each recess having a
base at 4he sHoomrthisurhiaoedoficd dfeCihine39, mompsisipg tan atangagratbtali yossdad gy pppsing
conducti v traces\dis osed on the second surface of the flexible substrate,
each trateeSXtENaITRPS®acr oss and exposed through the slot and the base of at
| east one recess in a perpendicular orientation to the slot, each of the
recesses having a trace disposed at the base thereof; the first

seni conddict or Tl ssnfitanguetar geviereft @einp 0 oerein tla resespesse agngeRdn APAYSTD| e
substrate of the flexihle fj I r . - ' :
onnect i Ty ARALRE g s TR REE e SR ORs (EBRY AREURICKE g
received in a recess of the interposer in conductive contact with the trace

at the base of the recess. 40. The. sem conductor. devi ce, of Cl.aim.39

wher ei n the f1&aeBIeeERFiRy fj?l‘t“"eer?fo@é‘rm gg‘rfﬁ'ﬁ?@égmﬁr ‘S'I”Eé’iziagl"és'YJeo‘Tlf/’?qﬁ‘i't(ﬁiéSbf)ﬁdr%n
41. The $em:GRGMet Bk s8@HIGE B, & BhiNs@PaccvbeimeifRxiiesilisas@sS conpri se copper
or a copper alloy. 20 bllLWAUKEEA735153,3 7 JUL 2006 42. The semi conduct or
device of Claim39, conprising an elongate slot disposed al ong opposi ng
sides ofgd Ne Pl QIRES ot devidlSh SR EANGHEL RARKLG Ce BlenthAldMpides HOGHRY N

t he recesses are arrangea I'h a pattern’ corresponding to a bond pad

conf i gurathkgne,oneririoelaaid adkesiserdraakerofostthieg hdirestvesem conductor die. 44. The
sem conduct or device of Claim39, further conprising an adhesive el enent

di sposed on the first surface, the second surface, or both surfaces of the
f1 exi bl e163 UDSTRAdeBhicdRIuctbN8\G & AOIBEMEE QFh @ N itifLadPiEsi (4 lcMeAdconhlgeeiiadhbgve
adhesi ve el enent conprises a contact adhesive, thernoplastic adhesive, or a
t her noset® PhBasidhesi ve. 46. The seni conductor device of O aim 44, wherein

t he adhesive el ement conprises an adhesive gel or paste.

47, The semiconductor device of Claim 44, wherein the adhesive element comprises a

double-sided adhesive tape.

48. The semiconductor device of Claim 44, wherein the adhesive element is disposed on the

second surface of the flexible substrate and over a portion of the traces.

49, The semiconductor device of Claim 39, further comprising a soldermask disposed over the
traces.
50. The semiconductor device of Claim 39, wherein the interpeser comprises a pair of elongate

slots along opposing sides of the interposer, and the plurality of recesses is positioned between the

pair of slots.

S1. The semiconductor device of Claim 39, further comprising an adhesive element disposed on

the first surface, the second surface, or both surfaces of the flexible substrate.
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47. The semiconductor device of Caim44, wherein the adhesive el enentUL 2006
conprises a doubl e-sided adhesive tape. 48. The sem conductor device of
Claim 44, wherein the adhesive elenment is disposed on the second surface of
the flexible substrate and over a portion of the traces. 49. The

sem conductor device of Claim39, further conprising a sol dermask di sposed
over the traces. 50. The sem conductor device of Claim 39, wherein the

i nt erposer conprises a pair of elongate slots along opposing sides of the
interposer, and the plurality of recesses is positioned between the pair of
slots. 5%, ThEhssmiconduot devidevi Cleinof 1.Ghlairem 20 adhesiverrdemednpispised oathe
adhesi ve el erent di sposed..on the first surface he second surface, or both
surfacesseﬁfff"“[r?e’ré'}aFF8§ﬁ‘6§§"5ﬁ%§%bﬁﬁ?‘é.a”%ve'ﬁHo‘tl“?L‘\/Qthﬁ? EE°°?35153, 3 7 JUL 2006
52. The sem conduct or device of Caim51, wherein an adhesive elenent is

di sposed on the second surface of the flexible substrate and over a portion
of the t¥hcesThegmiprmslusenileypeiateisin A&viaseiprnerAgsivesdematds dispossf OXdhsi ve

el enent kﬁegkﬁ sed over the soldernask. 54. The sem conductor devi ce of
d ai m 39 ?ur ér conprising an underfill encapsulation nmaterial disposed

bet ween the active surface of the first sem conductor die and the first
surface of the flexible sybstrate. .5 The sem conductor, device of .Cl aim
39, wher¥tn ey(%seé’?‘c?’ﬁié’c’é’bﬁﬁﬁﬁ? p{,@la%ggggpﬁqgcowmmgsan Y IFB'Sﬁlee'}cF‘Fséljanap e

CONPr i Sey&FHANAYSIskY BetRBR (RN CAGRFEOBLME Firy e WAL G016 RAS 812 {11l sBrfiRAESS
of the flexible filminterposer. 56. The sem conductor device of C aim 55,

furt her tbemsribid sps@ataon-f1 exi bl e underfill encapsul ation material di sposed
in the recesses over the conductive bunp. 57. A sem conductor device,
conprising: a first sem conductor die having a first active surface and a
second sif.f acEhe tendcaciucioe dsuicé at€laine Bbprlicseingach ¢f the abndugtivd copaced ragrabers

ComEt RS TR 5 B0, L P L T PORSA TP

flexible film interposer.

56. The semiconductor device of Claim 55, further comprising a non-flexible underfill

encapsulation material disposed in the recesses over the conductive bump.

57. A semiconductor device, comprising:

a first semiconductor die having a first active surface and a second surface, the active surface
comprising a plurality of spaced apart conductive connecting members; and

a flexible film interposer comprising a flexible substrate having a first surface and a second
surface, an elongate stot disposed through the flexible substrate along a peripheral edge of at least
one side of the interposer, the slot sized and configured for receiving a bonding tool therein, a
plurality of spaced apart recesses disposed through the flexible substrate adjacent the slot, each
recess having a base at the second surface of the flexible substrate, and a plurality of conductive
traces disposed on the second surface of the flexible substrate, each trace extending across and
exposed through the slot and the base of at least one recess in a perpendicular orientation to the slot,
each of the recesses having a trace disposed at the base thereof;

the first semiconductor die flip-chip mounted on the first surface of the flexible substrate of

the flexible film interposer such that each conductive connecting member on the active surface of the

(O8]
b
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surface, an elongate slot disposed through the flexible substrate al ohgUka2006
peri pheral edge of at |east one side of the interposer, the slot sized and
configured for receiving a bonding tool therein, a plurality of spaced
apart recesses disposed through the flexible substrate adjacent the slot,
each recess having a base at the second surface of the flexible substrate,
and a plurality of conductive traces disposed on the second surface of the
fl exi bl e substrate, each trace extending across and exposed through the
slot and the base of at |east one recess in a perpendicular orientatjion t

t he sl ot first dmdh raskivieién a exsesssEshhianarpepenint qoadect e spuaedvil theqecpasiee P%Pégﬂf;
the first sem conductor die flip-chip mounted on the first surface of the
f1exibl e™StBstrate of the flexible filminterposer such that each
conductive connecting nenber on the active surface of the

M LWAL! KEEAI 15!'53.3 7 JUL 2006 first die is_recqiveﬁ.inﬁg recess of the .

i nt er pos&¥- i nThoRRIMEPIEILESRYISE ©f (AR Y naheiridesialis (RO AdJagFN iR QPRASIIgSides
58. The gf@%gmgg%&;or device of Caim57, wherein a slot is disposed

adj acent "t o opposi ng sides of the substrate. 59. The sem conductor device of
Claim 57, wherein the recesses are arranged in a pattern corresponding to a

bond d fi j he. ' f : £l . di e.
0. Tho. San cOltBRTSANUEUT S8 oF b imotr AFEpthel Bk pRarBELE RAREER, © ©

ng rc rsi

el ement elér%g&aﬂngrb a bhRI fddr@hfisuiafi@c en theheti senofade stihkdea,semicdndbhorsdie.f aces
of the flexible substrate. 61. The sem conductor device of Claimb57, further
conprising an underfill encapsulation material disposed between the active

surface gf theyf itsélﬁfcglzfﬁmlgﬁ%@(jfdgb?tlaglin%7?ﬂgtcli1t31h§)n§;.i:rfs?lrxgc:fwédclﬁgiee efemehh@sposed on

fl exi bl e substrate. e sem conductor device of ai m57, conprising one
or nore dledngatefast, dhesseabmhgrfane orpethi phieeesiof dugidexalfle sppieng si des of the
interposer, with the recesses positioned between the pair of slots. 63. A
sem conduct or device, conprising: a first sem conductor die having a first
active sgrfacghasshizos@eandesidt baceimtshefiabed sen @ isifgaeundeofiipen@pndation

plurality of spaced apart conductive connecting nenpers; and flexible fjlm
i nt er posBRIEH 'PP%%e@E%fveFPélaa 51 e SYIHE OAire flﬂéf\ﬁgwgcoa f'?tPg?"“-éu?ﬁ&c%Sh%!&laaf of
second gdrffcaffe si@iirgleongat e sl ot di sposed through the flexible substrate

al ong a peripheral edge of at |east

62. The semiconductor device of Claim 57, comprising one or more elongate slots along the
peripheral edge of opposing sides of the interposer, with the recesses positioned between the pair of

slots.

63. A semiconductor device, comprising:

a first semiconductor die having a first active surface and a second surface, the active surface
comprising a plurality of spaced apart conductive connecting members; and

a ftexible film interposer comprising a flexible substrate having a first surface and a second
surface, an elongate slot disposed through the flexible substrate along a peripheral edge of at least
one side of the interposer, the slot sized and configured for receiving a bonding tool therein, a
plurality of spaced apart recesses disposed through the flexible substrate adjacent the slot, each
recess having a base at the second surface of the flexible substrate, and a plurality of conductive
traces disposed on the second surface of the flexible substrate in a perpendicular orientation to the
slots, each trace extending across and exposed through the slot and the base of at least one recess,

each of the recesses having a trace disposed at the base thereof;
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one side of the interposer, the slot sized and configured for recei vinhtyLa006
bondi ng tool therein, a plurality of spaced apart recesses di sposed through
the flexible substrate adjacent the slot, each recess having a base at the
second surface of the flexible substrate, and a plurality of conductive
traces di sposed on the second surface of the flexible substrate in a
perpendi cul ar orientation to the slots, each trace extendi ng across and
exposed through the slot and the base of at |east one recess, each of the
recesses having a trace di sposed at the base thereof; 23 iMI
LWAUKEEV35153h&fiit Jdthic@@D@tar e rﬁmms@d glerheo”us\tcmv‘@@ﬁr ofdh@ﬂﬁtﬂmﬁ%léswe piHBefir st
surface of .the flexible.substrat i_bl n

I poonif BT kROt Sh e Rt a cegratel vl Estelel ) Teb SRR OB e
sur f ace ofivd HRfade 8f ke IECBeEMREIiA c@ACGBCdsE6LSS imbrpbke in bbefupisecoritatt wnh the
conductive contact wwth the trace at the base of the recess. 64. A

seni condif¢e o thebosecd thesapssi sing: a first sem conductor die having a first
active surface and a second surface, the active surface conprising a
plurality of spaced apart conductive connecting nenbers; and a flexible film
i nt er posdr compmhﬁbmgwanwhekkhbewshb@trate having a first surface, a second

surface, and 05|n si des n elo te .sl ot .di sposed t h

substrate al 'ase”Bg‘?']dHﬁIé)f Qleq'@éitj‘& atl}?r% Eic“f“%égfacgﬁgé)gf%?@ nof U'#%C # egaﬁt{' h?éel m
i nt er pogGRpr i%h@ a5 19tal i8] Fepaddddpai@Rbhdkfi edcdndEcting@nehbdricand bondi ng t ool
therein, a plurality of spaced apart recesses disposed through the flexible

substrat e adﬁd@éﬁﬂef@“ﬂﬁ@”§$@ﬂD”§@éﬁgﬁék§§§eﬁﬁVFﬁ6h§W63§é“§ﬁ”ﬂﬁ@3§é§8ﬁ@
surface i[faéeln'ﬁndc J)] 38%9 Qided WS Aa%e <! shgt 0]9% [ilﬂ&ﬁgﬂfthé:@é'lqb'l%tshyﬁl Ad A655a

dlspose on t cond surTace of ubstrate in a perpendicul ar
or i ent atpedphdrel etdlge of holesst oeacide bf a]cdleebbﬂeeﬁhh mgel peseoske slndsaadpamie:@nf guredifpn
the slot and % %asg Zn at. l%ﬂst'ﬁ’f teach r Fes% x;n a8 ex%?

di sposed®%t Y Pha PEATEE {90 theosn: Bl el °éﬁﬁ%=fvélé?§ﬁ§% SHPEHILS ag t irst
sur f ace subfiRitsRGREt ®URE JBE cadi rebBt RaGbig b dERSat e §eb@1df§uefab@bethesl¢b&;ter ate;

the first sem conductor die nounted on the first surface ? e flexible
filmintBPPGEer PiTaitY of Rapdugtixe Harrs MipassdfiriBe s6CARD PutrsE P 8}6 feblgpypsirate in a

recei Ve(}ieiﬁ&né‘mﬁl@?@xﬁéﬂﬂfon 1B€fhé OLEr PRR %facé éh&%ﬂ% 6s‘é%nd Gf?;%s@@ih:%élﬂhé E'I%t dfgace
at the base of the recess. The sem conductor device Claimé6 wher ei n

an adhegipa\/@sepémgln@st oge mcgggg@:ﬁ reqeseloaytiscs trace disposed at the base thereof, and an

adhesive element disposed on the first surface, the second surface, or both surfaces of the flexible
substrate;

the first semiconductor die mounted on the first surface of the flexible film interposer such
that a conductive connecting member of the die is received in a recess of the interposer in conductive

contact with the trace at the base of the recess.

65. The semiconductor device of Claim 64, wherein an adhesive element is disposed in contact

with the second surface of the flexible substrate over a portion of the traces.

66. The semiconductor device of Claim 64, further comprising a soldermask layer disposed over

the second surface of the flexible substrate and the traces.

67. The semiconductor device of Claim 66, wherein an adhesive element is disposed over the

soldermask layer.

24
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with the second surface of the flexible substrate over a portion of t L. 2006
traces. 66. The sem conductor device of Caim®64, further conprising a

sol dermask | ayer disposed over the second surface of the flexible substrate
and the traces. 67. The sem conductor device of Clain 66, wherein an
adhesive elenent is disposed over the soldermask |ayer. 24 -

M LWALI KEE\ 735153. 3 7 JUL 2006 68. A stacked die assenbly, conprising: a
flexible filminterposer conprising a flexible substrate having a first
surface and a second surface, an elongate slot extending through the

f 1 exi bl e6&ubshrsatcgedidid aateortdy. aopgrisipger al edge of at | east one side of the

i nterposer, the slot.sized and confiqured. recelVv I g in,
2 bl ural ity oneChRou SRR eiRtiud LAPhA LG R Bl PG PR PRyl SROR
subst r at &, aeE Adidta s)étheelpl iheaghtherfRaass stiawhagna abaga patiphdérel eige ofu
surface of the flexible substrate, and a plurality of conductive H%races

. : y ,
di sposedeas oppeidget divdnndsar dreatotsted prdsi e rsuBStGehtel PWLLTR PPHERTN. @
ext endi n|91u%(fi5i)9§fss A0 ap%%‘tqgée%g:s?eme(ﬂlmlb tﬂljaﬁ%lﬂhgtﬂeﬁnﬂe LIRurhRSRd 9dja 00 1R1sIdTRGE
recesses”in peﬂpendlcular orientatfon to the slot, each of the recesses
havi ng arecesadevtligspases tht sédoed basee ol dredbdfjblasitistrate, awd Poraditcobrondpaive

conprising a first active surface d cond surfage, the active surface
conpri si %%Eédﬁuﬁa%em”t‘be ?Coggé‘egﬁlfeé’gg}etfﬂ?ﬁﬁﬁﬁt Srg's %acgﬁﬁ’éﬁ? ?)ﬁegnér:"r%%%'?sss;ang he
first sefccandwsionrheile: 4d Re BhieR fORYBL HEredBtRsdshe alpefpehdisulal adentafonttbene
flexible substrate of the flexible filminterposer such that each of the

conduct i /et eahineldhe regessenbreing dhacorbspastd Adhsbase Miseedt the first die is
received in a_ ¢ - - f: Lol ' LOLLr. I &0 Lhve 1eontact
W ih the trach o SEnieBh e b e N O et e g
conpri singfaae tomptisiag biphaalsyrof aeecdaghracadoand oundctiop meniterachd st surf ace

rount ed SAve T ehET Sl ng Wb PPuRES biocRer et B 5p of LR ABRRAT LR My ¢ ©

filmintempasahowriicH figt dendf PRASNEXH0S BshnetiMOmaRbéRenshoictQt stilfce of the first
i nterposer; a second interposer conprising a first surface and a second

sur f ace, I8AICEEVRE Hiad repe Ot U gy dlp pnteipesariip s@ndyigh Yeeiact pathdbg Birg at the

i nt er posgfse gPHALeLent o the second surface of the second sem conductor die

with the termnal pads exposed;, and .
a second semiconductor die comprising a first active surface and a second surface, the active

surface comprising a plurality of peripheral bond pads; the second semiconductor die mounted onto
the second surface of the flexible substrate of the flexible film interposer with the bond pads exposed
through the slot of the interposer;

a second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the second interposer mounted onto the second surface of the second
semiconductor die with the terminal pads exposed; and

the traces of the flexible film interposer and the bond pads of the second semiconductor die

are bonded to the terminal pads of the second interposer.
69. The stacked die assembly of Claim 68, wherein the traces of the flexible film interposer and

the bond pads of the second die are bonded together by a ball bond, and the ball bond is wire bonded

to the terminal pads of the second interposer.
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the traces of the flexible filminterposer and the bond pads of the Seld7§0¢
sem conductor die are bonded to the term nal pads of the second interposer.
69. The stacked die assenbly of Caim®68, wherein the traces of the flexible
filminterposer and the bond pads of the second die are bonded together by
a ball bond, and the ball bond is wire bonded to the term nal pads of the
second interposer. 25 M LWAFEEV35 153.3 7 JUL 2006 70. The stacked die
assenbly of Claim68, wherein the traces of the flexible filminterposer and
t he bond pads of the second sem conductor die are bonded to the term nal
pads of tohe SEeoNskked dteessposidy of ¥ lamTHRB whereth thElracdhe the Aekibt fdiveintegaensing
of Claim 68, furtQ%r conprjsing an un erfiLlcgg?aEsulaLign EatFﬁE%&mnd
di sposednbBeRRH! St AN REEPRAESESFIANE0h e e Pe1Ged 0 DEHF CYRUPEE D EF &°°8RG t he
flexiblgn%%ﬁ&&}g§gqu§ggmi72. The stacked die assenbly of C aim 68, wherein
the undertill meterial is disposed within the recesses of the flexible film
i nterposer. 73. The stacked die assenbly of Caim?71, further conprising a
conductiye b i sposed. in th € . HLlexi Firlamd : ;
and the Under T8 18R R o Pab e s LTS opRL LB b ) Bhrtl sRAEERARREria
st acked d@ligsas semeky tefacll @burds8 of whealral seniidvedsacodid andtlerfposde filimgeipors as
a PCB substrate, or a notherboard. 75. The stacked die assenbly of Caim
68, wherein the second interposer conprises a bisnmaleinmde triazine resin,
FR4 fi bejgl asghé AMRAUR asEERLIVATAIARES 8, QhefeSl B Gderfifl mAtegalSt aBKeRd Hifin the
assenbl y of alm 68, wherein"the second interposer conprises a flexible
| ami nat edcgzotsymfehe Oexipsl Ylimintkepdsayer . 77. The stacked die assenbly of daim
68, wherein the second interposer further conprises external contacts for
coupling the stacked die assenbly to an external circuitry. 78. The stacked
di e assemnhly e GhaiethdTeZassevhiely eif I€14ie7 e ftrdren abmposit @ae tenduetipe bsep dopckedtn the
solder balls. 79 he stacked die assenbly of Cai.m /7, erein the external
cont act < cEvwi dae BoTsRIE PirarcsEnaRg Trrderiute Bl fiost Gist i condudtive

bump.

74. The stacked die assembly of Claim 68, wherein the second interposer functions as a PCB

substrate, or a motherboard.

75. The stacked die assembly of Claim 68, wherein the second interposer comprises a

bismaleimide triazine resin, FR4 fiberglass laminate, FRS laminate, or ceramic.

76. The stacked die assembly of Claim 68, wherein the second interposer comprises a flexible

laminated polymer or polyimide layer.

77. The stacked die assembly of Claim 68, wherein the second interposer further comprises

external contacts for coupling the stacked die assembly to an external circuitry.

78. The stacked die assembly of Claim 77, wherein the external contacts comprise conductive
solder Dballs.
79. The stacked die assembly of Claim 77, wherein the external contacts comprise a conductive

epoxy or conductor-filled epoxy.
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26 M L\\' AUKEE, 7351533 7 JUL. 2006 80. The stacked die assenbly of O #%
77, wherein the external circuitry is selected fromthe group consisting of
a not herboard of a conputer, programlogic controller, and a testing
apparatus. 81. The stacked die assenbly of C aim68, being encapsulated to
form a package. 82. A stacked die assenbly, conprising: a flexible film

i nterposer conprising a flexible substrate having a first surface, a second.
surface, and opposing sides; an elongate slot extending through the flexible
substrate along a peripheral edge of at |east one side of the flexible film
i nterposer, the slot sized and configured to receive a bonding tool

t herei n, alit ac rt cesses,extendi 1.0 j bl e
substrat 8 adjg%EﬁFc%ﬁngPg? %ge 9 @&2@ HQVPHBEE?lagg%apﬁghgggg%gﬁggg ace
of the flex )tﬂoﬁsu%%séfr Ah8thertRBE &F alodipdtdr! ]MOQ(fanﬁl‘@EQLttherﬂaerI ﬁ:ﬁbﬁ&stﬁiig&p@&@ﬁisﬂn
t he second surface of the flexible substrate, eac trace extendi ng across

and exposed through the slot and the base of one or nore recesses in a

perpendi gyl ar -gr sﬁ?ﬁe%tdrggscfre%bs)h@f élé% 68.%eli r&%ﬁ%‘a%éﬂq(}qﬂﬁﬁ Qtpagia econprising

a first active Sdrface an elond SUPface active race conpri sing
a plurality of spaced apart conductive connecting nmembers arranged thereon
and correspondlnq to.the plurality. of spaced apart recesses in the flexible

filmint&Fposdrstadisd dieassyROl sty PRIGEEf the first sem conductor die rounted

onto the first fRlfi@aem mtertpbe] kbexiifhe a eksld absufé hivieg afk@xuihe, & sdcond
i nterposer such that each of the conductive connecting nenbers of the first

die is pededeved onposingsisesangionshis statexicpfiasthrongh wedleyddesubsHale HMedt i ve
contact Wk pwm%dkéaﬁﬁlelﬂst5rhegé?@éﬁdghevm%rn%f‘e??cseia 48 Cha Sbndifed o

flexible m I nt 8f poSer 1S ex a second sem conductor die conprising a
first acté:oee/emwcfnaog taasidhaemecohnialsuof aoeed siret ractssasextadifgabmugbiipriiesibhg a

piuralit of bo rranged thereon and corres

Pl exibl e Syfais niasPqle ol B et oV Bar PR vhabaipie S BaRiCkp iy e
mount ed apd @ plhglitSREeaHliuc W fraee dR osIeB%nﬁh@é@cbﬁ&suﬁfhbSbfﬁ{eﬁ]éﬁﬁﬁl@sdﬁ@&atb%m
pads exposed through the slot of the flexible film interposer; a second

i nter posé@%eﬁe g g onfl e3posstilraesh WA aohadkibe fasefioNg 08 MOsH EECESERIN Hal

pads EQ@éﬁﬂc&911h§n$R%§5 gruif;ace; the second interposer nmounted onto the
second s ace of the seconJ semni conductor die with the term nal pads

exposed; and a first semiconductor die comprising a first active surface and a second surface, the active
surface comprising a plurality of spaced apart conductive connecting members arranged thereon and
corresponding to the plurality of spaced apart recesses in the flexible film interposer; the active
surface of the first semiconductor die mounted onto the first surface of the {lexible substrate of the
flexible film interposer such that each of the conductive connecting members of the first die is
received in a recess of the flexible film interposer in conductive contact with the trace at the base of
the recess, and the slot of the flexible film interposer is exposed;

a second semiconductor die comprising a first active surface and a second surface, the active
surface comprising a piurality of bond pads arranged thereon and corresponding to the slot of the
flexible film interposer; the active surface of the second semiconductor die mounted onto the second
surface of the flexible substrate with the bond pads exposed through the slot of the flexible film
interposer;

a second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the second interposer mounted onto the second surface of the second

semiconductor die with the terminal pads exposed; and
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27 1 | I LWAUKEE\ 735 153 3 7 JUL 2006 the traces of the flexible film 7JUL2006
i nterposer and the bond pads of the second sem conductor die are bonded to
the term nal pads of the second interposer. 83. The stacked die assenbly of
Claim 82, being encapsulated to forma package. 84. A stacked die assenbly,
conprising: a flexible filminterposer conprising a flexible substrate
having a first surface, a second surface, and opposing sides, an elongate
sl ot disposed through the flexible substrate along a peripheral edge of at

| east one side of the flexible filminterposer, the slot sized and i
confi gured t otheneces vfshaflbohlifiig ntoposehadahmbond pAdgoatiespeetd sepaediapralit

recesses_disposed through,the flexible . rate adjacent the slot, each
recess hﬁ'\?ibﬁg&a&ﬁé@%{eﬁpg\ahgaaggeoéélhedsegﬂlrdftg%gp%%l't he flexible substrate, and a

plurality of conductive traces di sposed on the second surface of the
flexible substrate in a pergendi cul ar grj entation to the slot, each trace
ext endi n§3acr 68¢ Sasledshigasenchmi flgm $hocwespoapsulaiedre fgaserstkaat | east one
recess, each recess having a trace disposed at the base hereof; a first
sem conductor die conmprising a first active surface and a second surface,
the acti 8¢ sArfiadked demesansiipgoanpisimgal i ty of spaced apart conductive
connecti ng nenher ranged thereon; the .active surface of the fi

sem conduct or ® 'eé'sbﬂ’?oa{'fm T Posen CHIP PG e’&?@é&ﬁ%@nﬁ movrll?%aﬁhsétslf"i??csetgg%??dace
of the fLaxich!Mdsippsiin@tidetnehfghl et Blspodet hifol gl dlemlstne sutshatkhatngeach
conductive connecting nmenber of the first die is received in a recess of

the i nt eppéRieral erscelidlrest v ssismidee aiibln TPndnierReee Hie e84 g8 coi g e o
recess, ?&givglagzo%ﬂ twl.t]qé??:nféﬁl;ﬁﬁ'ﬁh of iaPRd PR PASE: di$oSePRRRGh 1R £8GA8d
sem conductor die conprising a first active surface and a second surface,
t he act i westratartpeentclomyol, sichgeeesphaviad & byseat tsanchnplatisiaeg o Ethg ddx ibleeubsinte,

the active,surface of the.second, sem conductor, di e nmunt nt econd
surt ace 1 § RUHARE oo Sy GOFRES wsBR% AR T LT S Ber RS TR AL Qb B The
bond padgepupicest drivhotigh té e ssdtodachiratdextdidtg dtkesstanll Bxpazte tposer the slos@dond
i nt er poser cgegg)ri ?i ng a first surface and a second surfag%%, nd term nal

deer o Ieage 5

pads di € FiTESTsS-Sar Heess hpnge adrsh disPaicdrhEe tIRtfed onto the

second surfacgfof sthRoS&RNDe é@m}l@s@] WEEPhct e Quithddbidnfseb S d R ke, RRAR ive
exposed; and the traces of the flexible filminterposer and the bond pads of

t he secosdtaserpworisog e ohurditg of spased opriechntoctiveecoteechingatengheasaisingeherreniche

I Nt erposglive surface of the first semiconductor die mounted in a flip-chip attachment onto the first surface
of the flexible substrate of the flexible film interposer such that each conductive connecting member
of the first die is received in a recess of the interposer in conductive contact with the trace at the base
of the recess, and the slot of the flexible firm interposer is exposed;

a second semiconductor die comprising a first active surface and a second surface, the active
surface comprising a plurality of bond pads arranged thereon; the active surface of the second
semiconductor die mounted onto the second surface of the flexible substrate of the flexible film
interposer with the bond pads exposed through the slet of the flexible film interposer;

a second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the second interposer mounted onto the second surface of the second
semiconductor die with the terminal pads exposed; and

the traces of the flexible film interposer and the bond pads of the second semiconductor die

are bonded to the terminal pads of the second interposer.

85.  The stacked die assembly of Claim 84, being encapsulated to form a package.
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85. The stacked die assenbly of C aim 84, being encapsulated to f or m B'UL 2006
package. 28 N I |LWAUKEEV35 153.3 7 JUL 2006 86. A stacked die assenbly,
conprising: a flexible filminterposer conprising a flexible substrate
having a first surface, a second surface, and opposing sides, a slot

di sposed through the flexible substrate adjacent at |east one side of the
flexible filminterposer, the slot sized and configured to receive a bondi ng
tool therein, a plurality of spaced apart recesses disposed through the
flexi bl e substrate adjacent the slot, each recess having a base at the
second surface of the flexible substrate, a plurality of conductive traces

di sposedgpon t fl exi ble substrate in a perpendicul ar
88 Rest:ﬁ:ﬁ&? Pg S @f ecomlcprlts Jﬂg

orientation to ace”ext endi ng across and exposed through
the slot and 4 lﬁembaﬁ'exmifnwmposleeasnplmg a7 Beabls subnete havitges Srshawifasg aseeelce

Cur | ace. HALCE e SBBONIRE SHEY 4SS P oGl e 4 e THE el BERFy aichnd Lk

sen condyehOhediv® GOMIdrpbRE tRe §ibl Sfedamtiicyfigined ACRcaANda BosHBQ D! Haredigce,
the active surface conprising a pluralit spaced apart _conductive

connect i plgraisrbbsnsced arangeersidrct woprd 1{‘ffé'g?'/é{l?tﬂfv‘ébf§ Svishals agiacendhs slpk gach
sem Cond%%és?rhag"s rq%gggtet e 5o ?fslujlg;age Fh]% %tﬁgE\L@[}EteOQB% atl{?ﬁoﬁg&‘l%ﬁbt% traces

el enent on surface o exi Ie S frate e flexible fi
|nterpos&mp@wdhnthﬂkc@ﬁtﬂuﬁmenﬂﬂmﬁku@knﬂmmﬁnenngpmaﬂbhmnmﬂnﬁmEHMHeoﬂ@skﬁ
recei ved IP receSﬁ of the erX|bIelf|l | nggrﬁﬂﬁ b qqn yctlve conta

W th t hetdPARee SEPHRE ASEs K TRReH durauel EAIP ARG G| ba5e BF H PIEFHIa s | m
| Nt er posgkessihd vAKRASRE disPoSRAGR N HEMHERBHUAH ah abh&iveQIRfd i idigosedidnrtaé figct i ve
surface and a second surface, the active surface conprising a plurality of

bond padsirfce and i setradessiiags orife Aexybleissheiai: edge; the active surface of
the second Seﬂ‘l’?s?@@“‘lf‘c%ﬁéuc%]ed DA S8 goep[:l%t H‘ﬁe%ﬂ{?ﬁ AR SREDRT s Pfcd i a%ﬁ%’nd
[exi exi bl'e

surface of t e'subst rate of filminterposer wth the
bond padsnﬁocposrednmhg epghalithef spatd efart ¢cdndudtvexiobhating lmnfteexardnged thereon; the
i nterpos hoser st ., sur e _an e
swfmemﬁﬁW§ w&ﬁ?mﬁq%@ﬁwﬁwfﬁkw P@WWL@W&1tg&%%me

i nt er pos@emBmwi We figNkofikerIRcHadbs uifshar @ihd feisledomndntegRRECRBE URE @ich di e
with the ternlnal pads exposed; and the traces of the flexible film

i nt er pos&” é{ﬁd"et‘ﬁ’é‘”%‘r‘i'& nbf'a*ai%el of herfe sdecsheddiAiessatRiche flegible film Imerposer in

canductive contact with the trace at the base of the recess, and the slot of the flexible film interposer
is exposed;

a second semiconductor die comprising a first active surface and a second surface, the active
surface comprising a plurality of bond pads arranged thereon along a peripheral edge; the active
surface of the second semiconductor die mounted onto the adhesive member on the second surface
of the flexible substrate of the flexible film interposer with the bond pads exposed through the slot of
the flexible film flexible film interposer;

a second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the second interposer mounted onto the second surface of the second
semiconductor die with the terminal pads exposed; and

the traces of the flexible film inerposer and the bond pads of the second semiconductor die

are bonded to the terminal pads of the second interposer.

87. The stacked die assembly of Claim 86, further comprising an adhesive member disposed

between the second interposer and the second surface of the second semiconductor die.
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are bonded to the term nal pads of the second interposer. 87. The statkéd2006
di e assenbly of Claim86, further conprising an adhesi ve nenber di sposed

bet ween the second interposer and the second surface of the second

sem conductor die. 29 9. OLWMUAEE735 53.3 7 JUL 2006 88. The stacked die
assenbly of Cl aim 86, being encapsulated to form a package. 89. A

sem conduct or package, conprising an encapsul ated stacked die assenbly; the
stacked die assenbly conprising first and second sem conductor di e nounted
on a flexible filminterposer, and the second die further nounted on a
second interposer; the flexible filminterposer conprising a flexible
substrate having, a, first surfac nd C . ate sl ot
extendiﬁ%'thrgﬁgﬁm# %dFﬁﬁ%WHP%OﬁﬁﬁgPF§t%%§%§ﬁg%%@£% |83§9F%h§ﬂ§ide of the
i nterposer, the slot sized and configured to receive a bonding tool therein,
a plurality of spaced apart recesses extendin throvg? t he fqujble

subst r at®- and® sIJiaeRGHCIQr PR lAsE COMPA LB CESRPSURIEF S| Ed BigLesePYhe second

surface of t hﬁe Eh &b as%H?ﬁlé»rc%E risiﬂg%'ﬁ aRh Y @b s¥mRbnERAGIUGE RNt 3g as
the ace fl

di sposed on second sur of t exi bl e substrate, each trace

ext endi ngxéde 688 iaagosxposighe sachnddigHuttee nsdustedamce sesendasapoeserone or nore
adj acent recessgs.in erpendi cul ar orientation to the .slof: I

seni conduct or die &Y Hﬂ§Vﬁ§”§mFﬂ?@ﬁmgg?fVé”%ﬂF g§§a§ﬁ1\gﬁg%ﬁgﬁ%ngﬁébgﬁé,
the actiwgcdurshiee:, aPeRhisk 3Dt axphdin@lhréyphahe SpatRGudpEE adjacht at leaseone side
connecting nmenbers; the active surface of the first sem conductor die
mount ed orftf8ha HETRases thesulpifsinse 2pf cOHeWIkRiBIe SUPRIILE Wb rdhd Y8kl e
filmint ersﬁ?c%graip§alt'?&egﬁgé‘%xt@%h%gﬁ&%ﬁq})é YEx iSRG G NSh TRIRGH Ok sloGabl RedsS

received i ecess of the Interposer in conductive contact with the trace
at the badevof atlinee srgbessont hefmeobtid Faftilc audireteornddi glusditppf gindgcetiyeftiapest
active surface face conpri s

d d surf : ' ,
ol ur i Ly SRS BRag e ¢ A I P el Fahl S

I:ac:eeéten
e surrtace o second senrcon

mount ed onk@uphehest@nd tisdidsactomf ortnhare bljaxdmraesigb it 4 pérpemficilherdidnaxibbloethe

filminterposer wwth the bond pads exposed through the slot of the

i nt er poseri®t he second interposer conprising a first surface and a second

surface, and tgpdfiRakeRiRESductly SROSBEbrRMMt® of ddiivt soidean@ a sebehd dukfate, Bier f ace
of the second interposer nounted onto the second surface of the second

seni condu@core YirlBcorenpiisieg ¢ ehmdliak! prided aapovaductiyggonnecting members; the active

surface of the first semiconductor die mounted onto the first surface of the flexible substrate of
the flexible film interposer such that each conductive connecting member of the die 1s received in
a recess of the interposer in conductive contact with the trace at the base of the recess;

the second semiconductor die comprising a first active surface and a second surface, the
active surface comprising a plurality of bond pads; the active surface of the second semiconductor
die mounted onto the second surface of the flexible substrate of the flexible film interposer with
the bond pads exposed through the siot of the interposer;

the second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the first surface of the second interposer mounted onto the second
surface of the second semiconductor die with the terminal pads exposed; and

the traces of the flexible film interposer and the bond pads of the second semiconductor

die are bonded to the terminal pads of the second interposer.

90.  The package of Claim 89, wherein the second interposer functions as a PCB substrate, or a

motherboard.
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the traces of the flexible filminterposer and the bond pads of the Jebbrige
sem conductor die are bonded to the term nal pads of the second interposer.
90. The package of Cl aim 89, wherein the second interposer functions as a
PCB substrate, or a notherboard. 30 M LWL'N rG 733153.3 7 JUL 2006 91
The package of C aim 89, wherein the second interposer conprises a

bi smal ei mde triazine resin, FR4 fiberglass lamnate, FR5 |am nate, or
ceram c. 92. The package of C aim 89, wherein the second interposer
conprises a flexible | am nated polyner or polyimde |ayer. 93. The package
of Claim89, wherein the second interposer conprises external contacts for

coupling the _stacked di.e assgnbly to an external circut. . T paskage
of 0 a1 o3, TRarErge AL REr nAr eCiE aetlY SR soBbH U ke BB RIS
95. The \paehagerisd o6k A8, FRIBEE RNt Beceeahl Nal contacts conprise a
conductive epoxy or conductor-filled epoxy. 96. A nmethod of fabricating a

sem conduct or device, conprising the steps of: providing a flexible film

i nter POSAEr, Hhe e RPTE]; rh%l%ii]{"tgne@ec{olng)ﬁilt@llé)%se?légﬁ\?)ﬁ%ﬁ SONPkiIghinGed @

first surface a&ha% Second sur ace, an elongate slot forned therethrough and
al ong atpolye@stor pnyisidddayeof the interposer to expose bond pads on a second
sem conduct or die nounted onto the second surface of the flexible
substrate, the slot sized and configured to receive a bonding tool therein,

a plurasity of fpegedanant 89, atersehe kedoma dnitpetatdnprghs anenadjcaaentort he
slot, each recess having a base at the second surface of the flexible
subst r ateevpliedha sisbkaddif espemplyce R GE eI C¥FaEEs di sposed on the second
surface of the flexible substrate, each trace extendi ng across and exposed
through the slot and the base of one or nore adjacent recesses in a

per pendi%ul arTherriackegatdf €haim? 3, desirothe eatsthatroenitdtngorapfisercondgaivie soldeuzat ior
die on the first surface of the flexible substrate of the flexible film

i nterposer; the first sem conductor die having a first active surface and a

second sl f ackhe fableageatUlyie S hatm herRiehsil Behtactptar lidetaycodptivapacgdxagar t
conductive connecting nenbers; the active surface of the first

seni condQBYusioTdi i IPPEY-chi p nounted on the interposer such that each
conductive connecting nenber of the first die is received in a recess of

the interposer in conductive contact with o
96. A method of fabricating a semiconductor device, comprising the steps of:

providing a flexible film interposer, the interposer comprising a flexible substrate comprising
a first surface and a second surface, an elongate slot formed therethrough and along at least one side
of the interposer to expose bond pads on a second semiconductor die mounted onto the second
surface of the flexible substrate, the slot sized and configured to receive a bonding tool therein, a
plurality of spaced apart recesses formed therethrough and adjacent the slot, each recess having a
base at the second surface of the flexible substrate, and a plurality of conductive traces disposed on
the second surface of the flexible substrate, each trace extending across and exposed through the slot
and the base of one or more adjacent recesses in a perpendicular orientation to the slot; and

mounting a first semiconductor die on the first surface of the flexible substrate of the flexible
film interposer; the first semiconductor die having a first active surface and a second surface, the
active surface comprising a plurality of spaced apart conductive connecting members; the active
surface of the first semiconductor die flip-chip mounted on the interposer such that each conduciive
connecting member of the first die is received in a recess of the mterposer in conductive contact with

the trace at the base of the recess.
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the trace at the base of the recess. 31 N I!L\\'A U<r11735! 53.3 7 TYL 2000
2006 97. A nethod of fabricating a stacked die assenbly, conprising the
steps of: providing a flexible filminterposer, the interposer conprising a
flexi ble substrate conprising a first surface and a second surface, an

el ongate slot fornmed therethrough and along at | east one side of the

i nterposer, the slot sized and configured to expose bond pads on a second
sem conductor die nounted onto the second surface of the flexible
substrate, and to receive a bonding tool therein, a plurality of spaced
apart re%hsse@lﬁ@hmbdf@hevémaﬂﬁughﬂEWGaaﬁpﬁﬁbﬁﬂmpﬁ@“§N61HQé h recess having

a base at the second . L Uleab b ¥sif
conductive tr%@é@'Bﬁ%B%@éﬁ m]n% éggéﬁgﬁd é%gﬁé?ﬁ@he ??@Q?B%g ubs% a %
each tragearexiiendiang a3edndsudnet, expiosgde tlbr fmghd theeetisloogh amhalohpet lbaa;saw()a‘ide
one or nore adjacent recesses in a_perpendicul ar or| entation to the.s

| ot .
and rmun‘?ﬂh@”ée"PP%t‘h%é'ﬁi Eé"rﬁﬂj@t‘?@f‘ralﬂléd EhEXPOpe POy dﬁfjﬁoaﬁtsﬁ%‘r‘?esﬁ't“'%’ﬂd‘f%% die
first surface; %todn@sect)h@ﬁl%@ o?lﬁlasffexﬁ;l@s%fstr5t@eanfd|t§¥éc@|\:% d lﬁdnmdgrﬂ)@}rt@é?&ﬁra

the first sem conductor die having a first active surface and a second
surf ace, piuhuén)aoifs;meedswaftac@sm@rfmneﬁlthgemiCpﬂgbraaﬂ ptjpcont thepdeledachpagess having a
conductiyve nnecti,n

sem condtftt 8t t%& |58°°H8l§ﬂif5‘ifn§ﬁh? flg Flﬁts g EISECBI% lﬁgl{tﬁ;fcondé%n tﬁ.%ﬁ%\%gi sposed on

connect i i@ seaRMmaeHfafe dfBe HéEbleSubROR, ¥AH tidde axtee@ag scrofs driveexipoteirthas gt thie nlot
conductive contact with the trace at the base of the recess; qntln
second s BBAGE OFE A BoFRHAEBIUEAIST D @mEEEaT iculheri el odBRTIEbAtict or

die conprising,gifd z{ﬁFst ?eqﬁlké(aﬁ:lu%fé'f BEQR a%ﬂgﬁ‘lpsa%gﬂ'ﬁlelﬁ WhfBE Brst blleacRGFihye
surface conprising a pluralit t he second 1 nterposer

conpri si ﬂqidefsub&;rtatescufrtﬁaﬁalahd'ial igegme; smrﬁratcsemlmdu@ter dierhalingadyst adiigposed
on the f| surf

onto the Ué t S(LI]A’ gcijzlgncésuet O'F tt1 aCI]VC suf?fcce COIT]}‘)HSIH&J }%(L)llr%l(iid)!’ Qtts\}&a? %ﬁﬁllt%”&llﬁ?ﬂ%l

€ ’'second sem‘con
pads ex p@&ﬁéctnigﬂﬂﬂ’ﬁbeﬂg, snnheheamllvveuﬁwefom& bt dehecadoanddizendenadorcthointgpeser
onto the second surface of the %fjélé%i]ubstrate of the flexible film

i nt er pos¥Eh WA A Cf)ﬁ%t%ﬁamwawwew § IHicec i ¥sh B HEFg'H‘eﬂ eIl ot of

the i nt esp@s@nve ARG PRNARArdcBEr thE 8BRS0 Rhe fb&sf | exible fil minterposer and
t he bond pads of the second seniconductor die to the term nal pads of the

second i nt er pyseringggsecqpkserEefgdctof digloaiapeomnd intgrnaser trotepeidianycedectet &p
of form &)%51 Eﬁ'l 8] st Ae D82l BFASSE50 [d%urface, the active surface comprising a plurality of

bond pads; the second interposer comprising a first surface and a second surface, and terminal pads
disposed on the first surface; the {irst surface of the second interposer mounted onto the second
surface of the second semiconductor die with the terminal pads exposed;

mounting the active surface ot the second semiconductor die onto the second surface of the
tlexible substrate of the flexible film interposer with the bond pads of the second die exposed
through the slot of the interposer; and

bonding the traces of the flexible film interposer and the bond pads of the second

semiconductor die to the terminal pads of the second interposer.

98. The method of Claim 97, further comprising the step of forming the slot and the recesses in
the flexible substrate of the flexible film interposer by a process selected from the group consisting
of patterning and wet etching, patterning and dry etching, mechanical drilling, punching, and laser

ablation.

Led
[
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the flexible substrate of the flexible filminterposer by a process sél@et¥§
fromthe group consisting of patterning and wet etching, patterning and dry
etching, mechanical drilling, punching, and |aser ablation. 32 M LWAL
KE[\ 715153. 3 7 JUL 2006 99. The nmethod of C aim 97, further conprising the
step of formng the conductive traces over the second surface of the

flexi ble substrate of the flexible filminterposer by a process selected
from the group consisting of etching a conductive |ayer disposed on the
second surface of the flexible substrate, and printing the traces onto the
second s9.f ac@humeﬁ@daﬁ €oaiohL R, ftvéﬁerra@!eplllalhg theGEp of thermeg Hisccopflutivaitigreg pyer

wherein the fl t t
di sposed grcod piipgo it Pabh PRI R Tl EITE hER%s B E a3 S R
f1 exi bl eys bty @hSistid@df etdihieg Bresivdtiof la%la:lls’ﬁOQJd orWIhersectd’ndtsbe‘aﬁ @jthoflexible
mounting the first sem conductor die on the flexible fil.minterposer

further BORPAESDE RPHNG TG acss ariRARS SPeond LWBAE VTBE f ARNGUCHYE Meiffifhce of the
flexible substrate, to the second surface of the first sem conductor die, or
both. 102. The nethod of C aim 101, wherein the adhesive elenent is sel ected
f rom t he! @ oufbhe serieid i iCitgmod7, aﬁnewdh@suﬂce:%%hemttanomﬁeﬁwoéo'gétlsesanddbfswe

doubl ded h f
Gount ¢ L e, SRV ey 108 THe.TELRR,eL LN e ML DR 8 ©

further conprises the step of applying an adhesive el enent to the second
surface of the flexible substrate, to the active surface of the second

serm condifék or The method b Gim Yo ahemiathgstorsd msrnenam ngFemignadestqr £RaEn the
adhesi ve Ll RS,

paste | ahCuiRal hitsBRLEGHaE (ATt R ARLR AfRTR, el O SR AR o
d ai m 97{levihiersebsiratdyeo iatserqpdserfadafithefirst sampedsiwstoa dpoberthask di sposed
over the second surface of the flexible substrate and the traces. 106. The
nmet hod of Claim 97, further conprising the step of applying a sol der nask
over theloxecOhdmsthociad€lfilm thewhbek dt adisdhstelanient andldcted fioradesgrodd7. The

met hod of C aim 106, wherein the step of unt i { cond die on the
erxibIe“¥FﬁHPgP%Wé? G?é?pF%?@HéPh%ﬁﬁﬁFﬂ§ggaﬁﬁé&gﬁéggﬁﬁﬁ§mﬁ ¥Phg an adhesi ve
el enent over the soldermask. 33 |l LWA L'g LLV35133.3

103.  The method of Claim 97, wherein the step of mounting the second semiconductor die on the
flexible film interposer further comprises the step of applying an adhesive element to the second

surface of the flexible substrate, to the active surface of the second semiconductor die, or both.

104.  The method of Claim 103, wherein the adhesive element is selected from the group

consisting of an adhesive paste, an adhesive gel, and a double-sided adhesive tape.

105.  The method of Claim 97, wherein the interposer further comprises a soldermask disposed

over the second surface of the flexible substrate and the traces.

106.  The method of Claim 97, further comprising the step of applying a soldermask over the

second surface of the flexible substrate and the traces.

107, The method of Claim 106, wherein the step of mounting the second die on the flexible film

interposer further comprises the step of applying an adhesive element over the soldermask.

(IR
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7 JUL 2006 108. The nethod of O aim 97, wherein the step of bonding i gJBiy2006
t her nosoni ¢ bondi ng, thernoconpression bondi ng, tape-automated bondi ng, or
ul trasoni ¢ bondi ng. 109. The nethod of C aim 97, wherein the step of bonding
conprises formng ball bonds in the slot of the flexible filminterposer
and over the traces and the bond pads of the second sem conductor die, and
ext endi ng bonding wires fromthe ball bonds to the term nal pads on the
second interposer. 110. The nmethod of Claim 97, further conprising disposing
an underfill material between the active sgﬁface of the first senlconductor

die and tA® fiThemesindidddaint St mehersiaiepte < hpst naieduhermesonq e i1 m
I nt er pOS% er 111&)0(1]!”;6585338?‘10 JF@E %Oglpgfaugn t%%dm UL NEEsFARHasNg the step of

encapsula in asse y orma sem conduct or package.
112. A nethod of fabricating a stacked dle assenbly, conprising the steps

of .. fabri nte froma flexi m substrate ha

opposi ng ! P?rsg?gﬁﬁngg ﬁég gﬁﬁﬁE%@” Eﬁﬂﬁ% §TQ$§°8PP”F%%RPH@g% M&P%%'Qyw
sl ot thr Qiighr AR eALANGInRIntdBoSt aANEves fkarRbs dhPtht bexd phd (fﬂtlhmecérbtbé‘eﬁrﬁairﬂucto;
the slot sized and configured to receive a bonding tool therein;, formn

pl ur al i t yicondspaetingbrnding wiresEen thabadlihids Hethe &1 @ags pinihe seeand daterp %Fd
adj acent the slot, each recess having a base at the second surface of the
flexible substrate; formng a plurality of conductive traces on the second
surf ace oﬂOthéhéhﬁMkﬁhﬂXﬂhhﬂGEdbsmﬂabmpnéaghmpoanga@xn@mﬂﬂmgﬂ@@ﬂbs@wamﬂw

dth h.th t dthe b f [
Dot pandi &0 UDRRLAE (5% SFDPRRLr gre oHbng R TRl SIS Rl B o

sem condyiekivyerigh mi@péerthe first surface of the flexible filmsubstrate
such that each of a plurality of conductive connecting nenbers di sposed on
the active surface of the first die is disposed in a recess of the

I nterposegy I nTﬂQﬁ*e@lﬁ:}d W Quﬂ o8 fuxtﬂﬁ (ESITIEFISIE %e@éﬁoi‘gnc%ﬂ?ﬁﬁi'ﬂ?}tﬁeex?%tqj(eﬂr@fém I 'ng

a second sem conductive |e onto t cond surface o le fil
subst r at essesibbhtotthat abbendopddsorgfackdge. second di e are exposed through the
slot of the interposer. 34 51ILWALIKFI:\7t5153.3 7 JUL 2006

112. A method of fabricating a stacked die assembly, comprising the steps of:
fabricating an interposer from a flexible film substrate having opposing first and second
surfaces, by the steps of*
forming an elongate slot through and along at least one side of the flexible film
substrate; the slot sized and configured to receive a bonding tool therein;
forming a plurality of spaced apart recesses through the flexible film substrate and
adjacent the slot, each recess having a base at the second surface of the flexible substrate;
forming a plurality of conductive traces on the second surface of the flexible film
substrate, each trace extending across and exposed through the slot and the base of one or more
recesses in a perpendicular orientation to the slot,
mounting an active surface of a first semiconductive die onto the first surface of the
flexible film substrate such that each of a plurality of conductive connecting members disposed
on the active surface of the first die is disposed in a recess of the interposer in contact with the
trace at the base of the slot; and
mounting a second semiconductive die onto the second surface of the flexible film substrate

such that bond pads of the second die are exposed through the slot of the interposer.
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1 13. The method of Claim] 12, further conprising, applying a sol dernd006
over the second surface of the flexible filmsubstrate and the traces. 114.
The nethod of Cl aim 112, further conprising, prior to the step of nounting,
the step of depositing an underfill material into the recesses. 1 15. The
met hod of Cl aim 114, further conprising applying an adhesive elenment to the
first die, the flexible filmsubstrate, or both, such that the adhesive
el enent is disposed between the first die and the interposer. 116. A die
assenbly, conprising: a die having first and second surfaces, the first
surface conpritsé aguedefdlainmt &2, dattdu cimpesing applectg axpldeembsr ever dredsegand surface
i nt er poser conpris}ng first agq second surfaces; an elongate slot forned
t hr ough @ie Tk gl BBl ENaMediRfES of the interposer, the slot sized and
configured to receive a bonding tool therethrough to contact bond pads of a
second sem conductor di e when nounted on the second surface of the
i nt er posétd. oifkee methodrad Glaioes e dintiier oomgprising print erthesiep cdajoanbng, thheepstiot |
each recess .having a chase aH.tpqls%%ond surface of the interposer, and each
recess siPedARE"MBAFTYUPEE " PReIUE Y herein a conductive connecti ng
menber di sposed on an active surface of a first sem conductor die when
flip-chip mounted on the first surface of the interposer; and one or nore
conductiEgitrah%gmﬂﬂﬂéﬁégéﬁ‘bﬁhﬁﬁgwéé%ﬁﬂﬂﬂé%?$%¥@gé?aaﬁﬁ“ﬁﬁ%%?%ﬁgé‘egﬁadm’
ext endi ng, xﬂﬁéﬁﬁﬂgu EXRAS 8L QEgthat 1R 28hQlve AOFeAls §i8ARkd BB LR BRTRSt did1e
die mounted on the first surface of the interposer with each of the one or
nor e conahcthieweerposaTnect i ng menbers di sposed in a recess in conductive
contact with the trace extending across the recess. 117. A die assenbly,
conprising: an interposer conprising first and second surfaces; an el ongate
slot formd tArdegheanty, cah@rigng peripheral edge of the interposer, the slot
sized and configured to receive a anding tool _therethrough to contact . bond
pads of a secHAF EMEHIHRISFOM ¥R nt RS UHSEHaSE OIS SEEEBR P MAUF FYCECHE
the interpOSBine RBGLES, 4RF e recesses di sposed through the interposer

adj acent the slot, each 35 NIILWAUALF\735153.7 7 JUL 2006
an interposer comprising first and second surfaces; an elongate slot formed through and

along a peripheral edge of the interposer, the slot sized and configured 1o receive a bonding tool
therethrough to contact bond pads of a second semiconductor die when mounted on the second
surface of the interposer; one or more recesses through the interposer adjacent the slot, each recess
having a base at the second surface of the interposer, and each recess sized and configured to receive
therein a conductive connecting member disposed on an active surface of a first semiconductor die
when flip-chip mounted on the first surface of the interposer; and one or more conductive traces
disposed on the second surface of the interposer and extending across and exposed through the slot
and at least one recess;

the die mounted on the first surface of the interposer with each of the one or more conductive
connecting members disposed in a recess in conductive contact with the trace extending across the

I'g¢Cess.

117. A die assembly, comprising:

an interposer comprising first and second surfaces; an elongate slot formed through and
along a peripheral edge of the interposer, the slot sized and configured to receive a bonding tool
therethrough to contact bond pads of a second semiconductor die when mounted on the second
surface of the interposer; one or more recesses disposed through the interposer adjacent the slot, each

35
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recess having a base at the second surface of the interposer, and eacdhWVL2000
recess sized and configured to receive therein a conductive connecting
menber di sposed on an active surface of a first sem conductor die when
flip-chip nounted on the first surface of the interposer; and one or nore
conductive traces di sposed on the second surface of the interposer and
extendi ng across and exposed through the slot and at | east one recess; a
first die conprising first and second surfaces, the first surface conprising
one or nore conductive connecting nenbers, the first die mounted on_the
first suetessdavhenrrase attbe prsoed sun?qca o HeHnteposerhandorsh seceppy eedcaidqeligwed to
connect I:@Qei(}?m%?erié a(&ﬁcﬂ%ﬁ%gc&:l”}eca,ti:{gelgr\‘ngrﬁﬁeljcns %ggodbjl?gl{ Y&ive ARG oY fﬁ:}gt the
trace exténdling across {he recess;” and a second di e conprising first and
second sdtnfiaarsctor Hee Whenslipshiif moentedopthedirnguofae aftherdntepotponghdyad oy moke
second di e nounted on the second s%[que of the interﬁ ser@yﬁth each of th
bond  padd AEKPESERTEY RFRUGH OF F SFRHC BFfathi! PhifdprpatE AT X1ERIINRA O USERBEY,
conpri sidgs, @Mhd HLESROR BasCMELSE;Ng first and second surfaces; an el ongate
slot forned through and along a peripheral edge of the interposer, the slot
si zed and cond figudetonprisegdiviaind seenmdishfacesohe it epidadgrc@UHiiSt® WS Rt Bete bond
Phe i nt SRBOSER SREusr oty B Pe s Bat U E B Ae Dol AR AREY R B Pach
adj acentoftthe osd ot mora@idudiBeessndaNg AgnmdeBalgoatd inhaesss tmcbglucfi acenatt wile

i nterposer, and each recess sized and configured to receive therein a
conduct i W& I'RehmER ] RGAHRHIEE 'EFSpHY¥ed on an active surface of a first

sem conduct or, gdicgn H"ﬂ%rbompirﬂi'n%mrﬁ IRURLRE sOTadebant nfsbuiSatelRaHrRingtA€ or more
i nterposer; and one or nore conductive traces di sposed on the second

surface lmdtads.ithe escpoddic raguhiesharethdisergndewitrrs cAilt intepnsedwith srdueflihe brads| ot
and at Q?%§%X$ﬂ§dqﬁ%ﬁ%f%ﬁ?ﬁébf§£fﬂ%ﬁo&gnpr'S'ng first and second surfaces,

the fir surface co S one or 'nore conductive connecting nmenbers, the
first die nounted on the first surface of the interposer with each of the

one or npre cgqpuctivglconnepting menbers di sposed in a recess in conductive
contact Wit h “{He?THERY: EXPRM &g across the recess: a second die conprising

first and secgndiespdstredspridnenii ﬁrﬁ!tseswdfs@c@c&owabﬁ%ﬁgsl@ﬂﬁn-@lred A6 &h agnd
pads, the second die nmounted on the second surface of the i nterposer with

each of /P bbFEPhepd adeexpbs dierpaeobhsiphizes|aod corfigiied ineesiina dpndiamiwoBe
therethrough to contact bond pads of a second semiconductor die when mounted on the second
surface of the interposer; one or more recesses disposed through the interposer adjacent the slot, each
recess having a base at the second surface of the interposer, and each recess sized and configured to
receive therein a conductive connecting member disposed on an active surface of a first
semiconductor die when flip-chip mounted on the first surface of the interposer; and one or more
conductive traces disposed on the second surface of the interposer and extending across and exposed
through the slot and at Jeast one recess;

a first die comprising first and second surfaces, the {irst surface comprising one or more
conductive connecting members, the first die mounted on the first surface of the interposer with each
of the one or more conductive connecting members disposed in a recess in conductive contact with
the trace extending across the recess;

a second die comprising first and second surfaces, the first surface comprising one or more
bond pads, the second die mounted on the second surface of the interposer with each of the bond

pads exposed through the slot of the interposer; and

MILWALIKEETIS153.3



M L\\ AUK | E .735153.3 7 JU L 2006 a substrate conprising first and 's¥¢oAt
surfaces, and term nal pads disposed on the first surface; the substrate
nount ed on the second surface of the second die with the term nal pads
exposed. 119. A die package conprising the die assenbly of any of Cains
116- 118, being at |least partially encapsulated. 120. An interposer,
conprising: a flexible substrate conprising first and second surfaces, a
plurality of recesses disposed through the flexible substrate and having a
base at the second surface of the flexible substrate, each recess sized and
confi gured t oasgogiieaontpeiswigrirat andrsdmndisve“a@@rm@d@linﬁgal rdadisposgidopakeeision an

. f . d f
of L e Trirong sulpeleRput e e by hPOLOR TRl B gB ' 2o

substrat gRReh. sl ot sized and configured to receive a bonding tool
therethrough to contact bond pads of a second die when disposed on the
second surface of the flexible substrate. 121. The interposer of Caim 120.

further epymrisj; Qgéckgggg&lﬁéns\{ﬁg fhe%@%ssghﬁlg%?gg)[/ ﬁf'CFahgs $e&oNg beﬁigaft %ﬁﬁ@ﬁiatlpe

fl exi bl e substrat ace” exten ver t and at

recess, amdpswiedein a trace is dlsposed at the base of each recess. 122.
The i nterposer of Caim 120, conprising an insulating polyneric material.
123. The interposer of Claim 120, conprising a flexible polyimde film 124,

~The int etImsemqfueﬁao@aﬁb&a&,.sm@e:rmxrblé&%gfx@l@%@&@ﬁs.agmxﬁralﬁa@g@ﬁldlsmr@cepattern
corresponding to a bond pad conflguratlon on an active surface of a die to

be att achitrlthef @p@ssewaww direughsibe Ak iple WS §1<H§N”a% gbaserf ihs sgqen surface
di Sposedoﬂﬁe?ﬁ@xfbnéﬁ Qﬁﬁgrea@p%cg&@{e'd%h@go e%l'lé(ﬁ[to rod; eat@\@re?rp{t@&{ﬁlkﬂ% nnecting

plurality space apart conductive connetting nembers and a secon
sur f ace; w&h@elmmemﬁésemn@omwwmmmngohafhedmbwen§DM$bman@ﬂaﬂﬂmﬁDMsﬂﬁwndﬁé@nﬁhd

surf aces Lural,i of , recesses ten t hrough .t n r,fr
P SeC o iRt Sitk¥ecing A9E T RRR LG bR e R Fhe Mg el
JUL 2006tcsiezgde aBbndipfidodthefdhibogl ﬁﬁ@inwet bhiRrRIdN oPa SkbAdldicl WikenClispbeat dfe

menber of the die disposed on the
second surface of the flexible substrate.

121, The interposer of Claim 120, further comprising: cenductive traces disposed on the second
surface of the flexible substrate, each trace extending over the slot and at |least one recess, and

wherein a trace is disposed at the base of each recess.
122, The interposer of Claim 120, comprising an insulating polymeric material.
123, The interposer of Claim 120, comprising a {lexible polyimide film.

124, The interposer of Claim 120, wherein the recesses are arranged in a pattern corresponding to

a bond pad configuration on an active surface of a die to be attached thereto.

i25. A die assembly, comprising:

a die flip chip disposed on an interposer and comprising a first surface comprising a plurality
of spaced apart conductive connecting members and a second surface;

the interposer comprising a flexible substrate and first and second surfaces, a plurality of

recesses extending through the interposer from the first surface to the second surface, each recess

37
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first surface of the interposer, and a slot disposed through the inteffdsaioo
the slot sized and configured to receive a bonding tool therethrough to
contact bond pads of a second die when disposed on the second surface of
the interposer. 126. The assenbly of O aim 125, further conprising:
conductive traces di sposed on the second surface of the interposer, each
trace extending over the slot and at | east one recess, wth a trace

di sposed at the base of each recess in contact with the conductive
connecting nenber disposed in the recess. 127. The assenbly of Claim 126,
further seapridion§gurgd $<etﬁt§ﬁideéllilﬁéeidiawbéwvéﬁOlll’r‘?é“'é%@éﬁ’éP%er%%ét? digosqdpy the

i nterposer_ and conpr.i.sjin i | ity of i ; ond pads
exposed [ SUgHe AR DieBrosEr Tt Fohbipeysd BFELDRE M 20d BESry e m 127
further eomMmitsi BGecedesnidthg wbkethpesesughanpontsttrign ipadt ofangtcosbdiomden
surfaces, and terninaIcPad_ dii@OSEd on the first surface, the second

i nt er pos@ispercd 9HdkgseEANd FHERCEBEBRANEWPPHce of the second die with the

term nal pads exposed. 129. A nethod of fabricating a die assenbly,
conprising the steps of: providing a flexible interposer having first and
second sl#g.ac@be asshmbly & lbine 12 hifetlposemprigogmondigitycarapeudisndseq omihe sesead ses
extendi ng t.herethr.ough fromthe first. rface t . r.f: ..each
recess sgﬂi‘ egﬁ 1‘368%?31056‘" gaéfhttbach)étgpéllgé g Heelﬁfé:? %lgf;anggaﬁ(lje}gff?ﬁ\}g e%%gfn\jé@f%ﬁ%&
menber ofiispogdtiQt tHelbiafe 6fiaph reeusitiedomitovithte kondictisecdraeetind memeerf digobdl ie

i nterposer, a slot extending through the flexible interposer fromthe first
surface 16 'f#&Ssecond surface along a peripheral edge of the flexible

i nterposer, the slot sized and configured to receive a bonding tool

t heret hrough to contact bond pads of a second die situated on the second
surface 637.t h&h¢ herinblyeofi Glrier po&drithaindmposideict jegend ¢igslespossd anhée seeebsidface
surface the flexible inter . hat . i i

eceas ab! Ml eeiitan SoPEhe 3R aRYAP aliBlect ohhEhis, B obiBha e RUEN R
ext ends owatotbolieheshripaad at | east one recess; and flip chip nounting a die
on the first surface of the flexible interposer such that conductive
connecting nenbers situated on an active surface of the die are each

recei vediagl aTheegsmbBf oftd18im 12BNl cbRpaEiRRSEIechit mm%&g@t EMBpICYE et andi t h
the trace situated over the recess. ~8 7 JUL 2006 130, The nethod of C aim
129, f ur tasepd guhgses. SnAg el ppesdisfosebamtiedstavdatso s Brerdbintarprser dgossen
surface gf Li6qdmsidlEni MBRPERALSHE iRl SRk Bagds on the surface of the

second die are

129. A method of fabricating a die assembly, comprising the steps of:

providing a flexible interposer having first and second surfaces, the flexible interposer
comprising a plurality of recesses extending therethrough from the first surface to the second
surface, each recess sized and configured to receive therein a conductive connecting member of a die
lip-chip mounted onto the first surface of the flexible interposer, a slot extending through the
flexible interposer [rom the first surface to the second surface along a peripheral edge of the flexible
interposer, the slot sized and configured to receive a bonding tool therethrough to contact bond pads
of a second die situated on the second surface of the flexible interposer, and conductive traces on the
second surface of the flexible interposer such that a trace is situated over each recess at the second
surface of the flexible interposer, and each trace extends over the slot and at least one recess; and

flip chip mounting a die on the first surface of the flexible interposer such that conductive
cennecling members situated on an active surface of the die are each received in a recess of the

flexible interposer in conductive contact with the trace situated over the recess.

(s
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exposed through the slot of the flexible interposer. 13 I. The nethoJ{%pﬂmﬁ
Cl aim 130, further conprising the step of nounting a second interposer onto
an exposed surface of the second die. 132. The nethod of O aim 131, further
conprising the step of bonding the traces and the bond pads of the second
die to term nal pads on the second interposer. 133. The nethod of C aim 132,
wherein the step of bonding is by thernosonic bonding, thernoconpression
bondi ng, tape-autonated bonding, or ultrasonic bonding. 134. The nethod of
Claim 132, wherein the step of bonding conprises formng ball bonds in the
slots of the flexible interposer and over the traces and the bond pads of

e Secend i AR TALENTA"Ss DARELOR LG ER PRI O3Byt

further s%@@’@irsiusfaﬂgoftﬂiéiﬂ@kibﬂ@in'&dﬂ?os‘éi arhofat orhpidsgnttheswdtre of He sstep diodre
depositing an underfill material into the recesses. 136. The nethod of C aim
129, f urexRereddbrpyen diendotd ahalepblgfniemesissul ating the die assenbly to form
a sem conduct or package. 137. A nethod of fabricating a die assenbly,
conprising the step of flip chip nmounting a die onto a first surface of a

f 1 exi bl el3iint efposethod o€ fldimalt3Oc bndectdnyeisingahaetep iof groreihg? sccond arieraeser oo
surface of the die ar%,ﬁgch si%uated in a recess extending through the

f1 exi bl @M FPETPLERT YIdhT 05587 st surface to a second surface: the flexible
i nterposer further conprising a slot extending therethrough fromthe first

surface to the second surface, the slot sized to recejve a bondinq tooh
t her et | Uddgh Ths wemeael Clomd Jpatisther commsisegihe aice ohhe g thsdtases JK hhRen

second £ exibl e i o M.LW 4UF CL' V3515. 33 7 JUL
2006 13 .B%ﬁgﬁﬁg%?% %6% {%}ég?'lr’%g]l%‘@%%mﬁ{;(ﬁ’dﬁﬁ?%sg&i bl e interposer further

conprises conductive traces on the second surface, such that a trace is

si tuat ed, qver—each.rec .at,-t.he, secand surface.of. th ; I |:nt er poser,
and each!3 raé@“ﬁ@?@ gg?gégplﬁgewg?gpqg%ge%p¥$%ggqgg%@q?%gggé59%§@¥aghe

met hod aheGlaabmplaSion bundingrtaponpbmaiecd Gohdiag sirefuabnivdundingg a second die on
the second surface of the flexible interposer such that bond pads of the

second di e are exposed through the slot of the flexible interposer.
134.  The method of Claim 132, wherein the step of bonding comprises forming ball bonds in the

slots of the flexible interposer and over the traces and the bond pads of the second die, and extending

bonding wires from the ball bonds to the terminal pads on the second interposer.

135.  The method of Claim 129, further comprising, prior to the step of mounting the die, the step

of depositing an underfill material into the recesses.

136, The method of Claim 129, further comprising the step of encapsulating the die assembly to

form a semiconductor package.

137. A method of fabricating a die assembly, comprising the step of:

flip chip mounting a die onto a first surface of a flexible interposer such that conductive
connecting members on an active surface of the die are each situated in a recess extending through
the flexible interposer from the first surface to a second surface; the flexible interposer further
comprising a slot extending therethrough from the first surface to the second surface, the slot sized
to receive a bonding tool therethrough to contact bond pads of a second die when situated on the

second surface of the flexible interposer.
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140. The nethod of Caim] 39, wherein the second die is nounted on & HBdc¥ht
i nterposer. 141. The nethod of Caim 139, further conprising the step of
nounting a second interposer onto the second die. 142. The nethod of C aim
141, further conprising the step of connecting the traces of the flexible

i nterposer and the bond pads of the second die to term nal pads on the
second interposer. 143. The nethod of Caim 137, further conprising the step
of encapsulating at | east a portion of the die assenbly to forma die
package. 40 1411 L1Y A L! KEFv735153. 3

138.  The method of Claim 137, wherein the flexible interposer further comprises conductive
traces on the second surface, such that a trace is situated over each recess at the second surface of the

flexible interposer, and each trace extends over the slot and at least one recess.

139.  The method of Claim 138, further comprising the step of mounting a second die on the
second surface of the flexible interposer such that bond pads of the second die are exposed through

the slot of the flexible interposer.
140.  The method of Claim 139, wherein the second die is mounted on a second interposer.

141.  The method of Claim 139, further comprising the step of mounting a second interposer onto

the second die.

142, The method of Claim 141, further comprising the step of connecting the traces of the flexible

interposer and the bond pads of the second die to terminal pads on the second interposer.

143, The method of Claim 137, further comprising the step of encapsulating at least a portion of

the die assembly to form a die package.

40
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