1 METHOD OF FABRI CATI NG STACKED MULTI - DI E ASSEMBLI ES BACKGROUND OF THE

| NVENTI ON [0001] Field of the Invention: The present invention relates to a
met hod and 5 apparatus for increasing integrated circuit density. In
particular, the present invention relates to a nethod and apparatus for
sem conduct or package vol une and hei ght = reduction with enhanced
reliability and sinplification of the fdbrication process for stacked

sem conductor dice. [0002] State of the Art: Chip-On-Board ("COB") or

Boar d- On- Chi p MEBTHOD OIOFABRAGA! STAGHHD MU ARIE ASSEMBDHRIct or di e
to a carrier substrate such as a printed circuit board ("PCB") and may be
effected using flip-chip attachnment, wi re bonding, and tape autonated

bonding ("TAB"). [0003] Fl igkx@&bERANBEERaE INSARADNY consi sts of
el ectrically and nechani caplg\__arrfc—h_nw_c—o—r%_c—ty ng SEm uctor die by its active
surface to a caf00od] Fidéovf thednwesitiog Fhepatdeat invaitionkblatds €4 diechodanduct i ve

el enents_t herebet ween. The .conductive elenents are generally di sposed on
the acti¥e3BRAAHE O Hicreasweantegiated; ciguit densityaln pasticlen thedyeseplsingeiope

di sposed C | SEr ti J nts may
compr; se mared ERLEAE b WIRAR Br s BafliBR BhlaRe VL ah Bl
confi gur at rahstiorEaith ealpmdetielixsilie) s@BRhplificatioh € @ fecaasPpRddEsRJort O
superinposed, mnutually aligned |ocations of bond pads (or 20 other 1/0O

| ocat i ons) s@pkadrfemicontiederodiet.or die and ternminals on the carrier substrate.
The sem conduc i €,1.S us, el ectricall chani cal | v .co) ed to
the carrier sub @;0% eeSt tfe 0% -x‘gﬂﬁdé‘?ﬁ?aé%‘!(ﬁwﬁg’%éroiﬁ’&ﬂ@m%%@%@&&f .
sol der 00 edthhélggERAFETlol MACIOA serfRbsttRdid tolal QR RONNralRHIBE as ApAhtelect ri ¢
underfill may then be di sposed between the die and the carrier substrate

for envi r ogireyit board( HCERD pathmay e efecderhasieefliphehiprattichmiesta wizdboadingcindent  of
the die totthe fa”ti r ubs(;g;d.ghg [ 0004] Wre bonding and TAB attachnent
t echni ques ad’@ﬁgoﬁa\ Oélal )'attachi ng a sem conductor die by its back
side to the surfgms] OfFIR-dh@s httRAmS ERIIG c¥hsidls eleARRIIIRN Al3hARRRS Ve,
such as an epoxy or silver "sol der. plurality of fine wires is disCretely
attached t ettadhing pseycanuttoe dicdryiitsatveswiace toca eardert substratx ngngle datéerd obonded

15 discrete conductive elements therebetween. The conductive elements are generally

disposed on the active surface of the die during fabricatioh, but may instead be disposed
on the carrier substrate. The discrete conductive elements may comprise minute
conductive bumps, balls or columns of various configurations. Each conductive element
is placed corresponding to superimposed, mutually aligned locations of bond pads (or

20 other /O locations) on the semiconductor die and terminals on the carrier substrate. The
semiconductor die is thus electrically and mechanically connected to the carrier substrate
by, for example, reflowing conductive bumps of solder or curing conductive or
conductor-filled epoxy bumps. A dielectric underfill may then be disposed between the
die and the carrier substrate for environmental protection and to enhance the mechanical

25 attachment of the die to the carrier substrate.

[0004] Wire bonding and TAB attachment techniques generally begin with
attaching a semiconductor die by its back side to the surface of a carrier substrate with an
appropriate adhesive, such as an epoxy or silver solder. A plurality of fine wires is
discretely attached to bond pads on the semiconductor die and then extended and bonded

30 to corresponding terminal pads on a carrier substrate. The bond wires are generally

attached through one of three conventional wire bonding techniques: ultrasonic bonding



30 to corresponding term nal pads on a carrier substrate. The bond w res
are generally attached through one of three conventional w re bondi ng
techni ques: ultrasonic bonding 2 - using a conbi nation of pressure and
ultrasonic vibration bursts to forma netallurgical cold weld;

t her noconpr essi on bonding - using a conbi nation of pressure and el evated
tenperature to forma wel d; and thernmpsénic bonding - using a conbination
of pressure, elevated tenperature, and ultrasonic vibration bursts. A :
di el ectri c- esingpsombinatisucfprasuse indailfrasonite/ilirati@plouyts t@orinemetaurgival | ed to
protect the fine wres and baond sifes. In TAB, . ends of netal |eads carried
on an i nsuFadiviid;ithsrmosompression bondding rsire asembipptipndpressutersad elsyated pads on

the semco %%%%?reﬂg) ‘i’%rﬁ{‘éjw(éf&f bd ﬁgﬂg(gs@ﬁictb%hﬁijngqlusiplgqsco%ir;a Gn Bf"fnre%s%e, .
substrate. I gher perfornmance, [ower cBst, FPncreased mntraturization
of 10 conpeRkeitts tengieeht@epaidalltrppaicagbnagotiBmsist W dtlctificRgtasaldniCiuced 4S are
ongoi ng goal s of the conputer industry. As new generations of integrated
circuit Predigersorgpexy wag theade applied laaviefeet the finowpenant kondsies-tls TAdbr i cat e

t hem t ends I due. t.0 _advances i.n technol agy .even thqu he
Foet i onar b ARSERI8Ss Hich n A AN She hhe g ALORAREY B AT, 1S
there is apphdyidiRhehd/setidéhdReiof Bittand R6Fr8PpSBdinE tGRIRD PEIX ¢ the Cargiéer Y

product 15 generation over the previous generation having equival ent
f unct i onal is@Bstrafep006] In integrated circuit packaging, in addition to

conponent reduc&& fac nDunt];echno{oc has denpnst r at an increase
in sem conduct o ‘gﬁip}ﬁghng ogpRncs gWﬁb?@:é%%gFﬁgpgnanﬁﬁgwﬂ{ resul ting
fromnone compasdntIasd SosteAPUbkhARSUERRY OF miéisted cirli@Rkd bfdMg dRARIFARE 1 N

integrated circuit density.” However, greater integrated cirtcuit 20 density
i s becon ngompugtei fidusint | As heéwmensdhtiops ohiategpredcinuit predictseame adledsedyvlzd | abl e

f th i f i . di i bstrate. [0007] On
et hod of | PHEPELS REPPRTLG R0 POFicels treratinds et Gagianogatn |
vertical |y tecdnsio é’&te%'lﬁo@mqg@ﬁﬁ%ﬁorﬁiitt}h@f thSArddRas Elreakes. 'ﬁﬁ‘éﬁﬂnﬁ@f dd th30,

1991 to Farnworth, teaches conbining a pair OfEdICE nmount ed on opposi ng

si des of aaverage, theagvs.approxupgely,a Wopescrnt Hereade & ¢anpmckts horayed groduche upper
surfaces_of the.leads of the |ead iraﬂe.via a first adhesively coated,
nsul at &3 EFRRICRAYET R Drexiehs eongraeR neviEs i yalen RsHARE Yo ¢ he | over

[0006] In integrated circuit packaging, in addition to component reduction,

surface mount technology has demonstrated an increase in semiconductor chip density on
a single substrate or board, resulting from more compact designs and form factors and a
significant increase in integrated circuit density. However, greater integrated circuit

20 density is becoming significantly limited by the space or “real estate” available for the
mounting of semiconductor dice on a carrier substrate.

[0007] One method of increasing integrated circuit density is to stack dice
vertically. U.S. Patent 5,012,323 (“the '323 patent™), issued April 30, 1991 to Farnworth,
teaches combining a pair of dice mounted on opposing sides of a lead frame. An upper,

25 smaller die is back-bonded to the upper surfaces of the leads of the lead frame via a first
adhesively coated, insulated film layer. A lower, larger die is face-bonded to the lower
surface of the lead frame at a die-bonding region via a second, adhesively coated,
insulative, film layer. The wire-bonding pads on both the upper die and lower die are
interconnected with the ends of fheir associated lead extensions with gold or aluminum

30 bond wires. The lower die must be slightly larger than the upper die in order for the die

pads to be accessible from above through a bonding window in the lead frame such that



surface of the lead frane at a die-bonding region via a second, adhesively
coated, insulative, filmlayer. The w re-bondi ng pads on both the upper
die and lower die are interconnected with the ends of their associated

| ead extensions with gold or alum num 30 bond wires. The | ower die nust be
slightly larger than the upper die in order for the die pads to be

accessi bl e from above through a bondi ng3wi ndow in the | ead frame such that
3 wire connections can be made to the | ead extensions. This arrangenent has
a maj or dwimdwamictiges dandrmaderto thedtadextaisiond p Thistarradgeendnd hashemaeeui r emrent
for different-sized_ dice, a sonmewhat, conplex |lead frane configuration and
a somewhat dpdantage fromy pseduction stagdpeing duetnige seursesnt fosd{ffyfﬁ@g izgfl 5.

Patent 5, 28, Ofgmnéﬁﬁy g&nﬁ{g& ?cgd %rarrfegc%égglﬁgﬁ&{ lmd 4 &qﬁ{@%t &fﬁ&”lf—iopéx% l%tg I': ﬁc ked

di e device cohtal ning up our stac I Ce suppor on a die-a

paddl e of warelbeadingpastecolt he assenbly purportedly not exceeding the height

of then-current si n?l e die packa%%i,_ and wherein the bond pads of each die
5 , 1S

are wiredbonded Q098] e3HS s Ratep 5291 sued Margle 1 y199io BB tepdhiey p mylféplelevi ce

is achi eve cl.ose-tol erance st agki ich is 10,..p0ssSi,bl

| ow 1 oop- pr BRGIEIRASRAGE s APl S ope e WP R0 Sy e o
bet ween t hg |&dared tid dé%mﬂ’[@‘p@fp@ftedlﬁﬂbé exXcBétiihg the h%@hﬁbf theh-Yurr&Hp gin@mﬂe W res
to electrically connect the stacked dice to the |lead frame. These | ong

bond wi r es paekegesased whersindheherd padd ofregchidie ireivtizg kondd o leadyfingess. t hebond

i ' lation. Al | i the. of .
bet vean- ¢ hEHRel Ao FEPRR TG Piceapdfpved Dysgsiidierhdetatit fu 1R854 °
Fogal ef(abessitl€BE Hﬁﬁw@oopﬂ%{)ﬁi&ﬁﬁ@bm&g Spekdifh HAMPbE TS bPEIESEHvEiaGers

devices, the termnals or bond pads of which are wire bonded to a
substrat e betvicon thejstasked dige.eHdwevereBall Howeesre]atiaslydonghmslaviresitoh  Bal |,

F | i . b i t | ect.rical l t . th tacked di e bond
pade to 't KBl forPe ot s BBt STSE e boRE KBRS B S en 1 ne
dice. 20 [QQi¥ncHai m%ﬁtﬁ%mtat@sﬂ&@inéﬁﬁe b WieOswaP (ﬁlﬁngéﬁéa?ﬁul@t‘iorﬁl -

("Takiar") teach stacked dice having bond wres extending to each other
and to theAlsa#slloéquares treriseof spasers detvasgn theadica | ead frame. However, Taki ar

oS0 a5t he o ST, 9L BRE LU ESieadSr o S BEATeERS 1
multichip module that contains stacked die devices, the terminals or bond pads of which
are wire bonded to a substrate or to adjacent die devices. However, as discussed with
Ball, Fogal requires long bond wires to electrically connect the stacked die bond pads to
the substrate. Fogal also requires the use of spacers between the dice.

20 [0010] U.S. Patent 5,422,435 and 5,495,398 to Takiar et al. (“Takiar) teach
stacked dice having bond wires extending to each other and to the leads of a carrier
member such as a lead frame. However, Takiar also has the problem of long bond wires,
as well as requiring specific sized or custom designed dice to achieve a properly stacked
combination.

25 [0011] U.S. Patent 5,973,403, issued Oct. 26, 1999 to Wark, teaches stacked
dice on a PCB. A first die is flip-chip mounted on the PCB, a second die is back side
bonded on the first die, and bond wires extend from the second die to the PCB.
However, Wark also has the problem of long bond wires and the excessive and
somewhat complex processing steps of both underfilling the first flip-chip mounted die

30 and encapsulating the second die connected with bond wires.



conbi nation. 25 [0011] U.S. Patent 5,973,403, issued Cct. 26, 1999 to Wark,
teaches stacked dice on a PCB. Afirst dieis flip-chip nmounted on the
PCB, a second die is back side bonded on the first die, and bond wres
extend fromthe second die to the PCB. However, Wark al so has the problem
of long bond wres and the excessive and somewhat conpl ex processing steps
of both underfilling the first flip-chi nounted die 30 and encapsul ating
the second die connected with bond wires. 4 [0012] U S. Patent 6,051, 878,

i ssued April 18[0022D0 U.§. P¥dr6)05,8aB, isducdinpill] B, 2000eaakesn srdlt (Akenshacked
substrates having dice npunted t her et 0 usi ng both wire bonding and

flip-chip teaehasmgiiarle siapkadsubgreshaymegliec mowred thegto B%%E‘Pthdww}%t e
surf aces. cPﬁgl }@]%eﬁ\{ﬁlﬁﬁe% wh&e‘é\&%' d; %%é”‘%‘éﬁﬁk%&‘%ﬁ%gﬁosﬁnés%g&?été)&rﬁacésa' rly

strai ghtforwa ueand resul ting sem C evice assenbly

for increasing jowispr qheféf&b JiEWotild Héeasirtygedlis Weddvelop lal firl§tsaisBlorward

sem conduct or dice by redUC|ng t he nunber of process steps for fabricating
t he assehbleghpiqueandesidtingsenyipendacios dendrnessemblerfbt lylcmslggmtntmecbwmww ng
conmmerci al | | abl ac nduct or d e fabrication
t echni quesdgnf‘% ET’T’:FE @Ul\ﬁ{ﬁﬁg?é gﬁgﬁl“fﬂl‘:‘fulcﬁ(lgﬁf (?U(?Hﬂti’e WB gé’é‘?ﬁe SY¥%Ent i on
rel ates tofg mEidanAg %@s@&ﬂﬂ* A dbmbiRdtion ViR H RS As@érﬁlﬁlg%%ﬁt &idr cui t
density by reduci ng package hei ght and reduci ng t e nunber of process
steps for tabloyogtdongnercigidyrivaiabligcwistelydpractasd setbicpndite deviss &bricatiorent i on
i ncl udes a, 15 .net hod and apparatus for reducing the height of a plurality
of verti cafi¥"9i%cked i nter poser substrates, each interposer substrate
havi ng @3 | east one semi conductor die mount ed t hereon. The pr esent

i nvention further includes stacking |nterposer substrates havi ng di ce
nount ed thereto, each di e Bk ) i i to conductive traces

of its associ at poser sdbstrat b re.b nd|n 0015] The
pr esent inventiﬁﬂ"4ﬁ ﬁ&ﬁ@?mgﬁlpgﬁspnfaﬂf%ﬁﬁb ﬂ@ﬁ %@
substr at es ;8864 BRMINEnS RS BY RAuLRE HEIQD Melgﬁtsanﬁcrgddéﬁlgstﬁé B@I‘ﬁﬁe@)tf pk&Rsd one

sem conduct or
steps for fabricating a semiconductor die assembly. The present invention includes a

15 method and apparatus for reducing the height of a plurality of vertically stacked
interposer substrates, each interposer substrate having at least one semiconductor die
mounted thereon. The present invention further includes stacking interposer substrates
having dice mounted thereto, each die being electrically connected to conductive traces
of its associated interposer substrate by wire bonding.

20 [0015] The present invention includes at least two oppositely facing interposer
substrates, each having secured thereto by its active surface at least one semiconductor
die with a portion of its active surface and bond pads thereof exposed through an opening
in the interposer substrate and wire bonds extending from the bond pads and looped
through the opening to conductive terminals of a first set adjacent the opening and on the

25 opposite side of the interposer substrate from the at least one semiconductor die. The
opposing interposer substrates are mutually electrically connected on their terminal sides
by a plurality of conductive elements which extends transversely therebetween and
electrically connects terminals of a second set on each interposer substrate and laterally
offset from the first terminal set, conductive traces extending between associated

30 terminals of the two sets on the same interposer substrate. A third terminal set on a die

side of one of the interposer substrates carries a like second plurality of conductive



die with a portion of its active surface and bond pads thereof exposed
through an opening in the interposer substrate and wi re bonds extendi ng
fromthe bond pads and | ooped through the opening to conductive termnals
of a first set adjacent the opening and on the 25 opposite side of the

i nt erposer substrate fromthe at | east one sem conductor die. The opposing
i nterposer substrates are nutually electX¥ically connected on their termnal
sides by a plurality of conductive el enments which extends transversely

t her ebet weekneatd exendiigtiadstdryclchomakdt Sntegoseriabsrats foa elsaeiodlty Gdheaingeach

i nterposer substrate and laterally offset fromthe first termnal _set,
conduct i ve thersiacked interaorgr pipshaienioehcadersubytaiel A assemblyarledige acpgiorwo set s
on the sangﬂhpggqugg%%%u;g%g@&gﬂ“ﬁngghﬁgdternlnaI set on a die side of

one of the interposer carrres a like second plurality of

conductive 5 el oua6] S ARxbrINH tdbnk eABIURHE b the ped¥ehtiAventibh,SmRapeedsubst r at e
for electrically connectin the stacked interposer substrates to a carrier

subst r at &. parioass theofive sirfagdiohat least ane semyiconslybior digtattaghed 4o gwinterpesepassed

by the i tion. 016 di tQ. i . th t
Phvent i on, Sair e sebder ety SRERGHAER A B RORaL Ry Hehdf v R AT ionet
sem conducigftiofiof tif 4cAcE Qe fdce ofht lbatt BRARGAEmiMBSIt6Li6 afdthsd & rofHek,y
directly faces and is substantially laterally aligned with an exposed

portion of supesinosed/mtaposcasbswitedhe height ofdshogipdretwesn the twiuttaposst e
attached to .anot her, ri d.i,nterposer, supstrate, the height of the
gap bet vveeﬁulfsﬁé%etgﬁﬁmgﬁf Eggég’%?ﬁ%elﬁfﬂ%@rogf SWE%P?]HP'Q?I’%' e[3§'f1°tp9ﬁ eélgb(%ﬁgerﬁei ght
of the wpr@rBRNfedeRORFention, ANLDSE IR MBELcthR Affald ST RI@SAEL | nventi on,
an exposed portion of the active surface of at |east one sem conductor die

attached t sermivonditotmrplis attacheh®tandhermatrsubsttatasubgtadiialoditegtly fcesbisus ati s at
| east partilal Iﬁ/ Ig{ ra% fsf s€t from an exﬁqoseggport.i on g{? t elacti ve
surface of [t pastalty latgrallyipdiset fhorp gu expisgd BPition of tedashy ¢ BiTHRGE Pbit 1gask

attached t g,aMet BEposidMi PERARET seiiRidiabEedie afthehel 8 HUh&RintthBs@aBbhtareen
the interposer substrates in this instance being at | east one 15 wre bond

| oop hei ghthdhsightes shetgapetwaen thaningtpdskr substrdtes inghis duktaneabeiof at least pnesent
i nventigp, an expQse rtion of the tiye syrfac f at ] east one

seni Condacoar g 1oa hidhaut {2‘6? i e ot betpefiweRLAIERET | y
directly facRaan aﬁ@gés%ﬁ gBR{otn' FtPictilvB SurfRSLiF U eledH bheS&niehn RLRL RS

sem conductor die attached to another 1 nterposer substrate but Is
attached to an interposer substrate substantially directly faces an exposed portion of the

active surface of another semiconductor die attached to another interposer substrate but is
completely laterally offset therefrom, the height of the gap between the interposer

20 substrates being at least the wire bond loop height. Thus, wire bond height may be
minimized, depending upon the opening alignment technique selected. In all of the
embodiments, a flowable dielectric material may be disposed within the gap to
substantially encapsulate both the wire bonds electrically connecting the opposing die
and substrates and the discrete conductive elements connecting the terminals of the

25 second sets on the two interposer substrates. Further, a flowable dielectric material may
be introduced between the lowermost interposer substrate of an assembly and a carrier

substrate to substantially encapsulate the second plurality of conductive elements.



conpletely laterally offset therefrom the height of the gap between the

i nterposer 20 substrates being at |east the wire bond | oop hei ght. Thus,

wi re bond height may be mnimzed, depending upon the opening alignnent
techni que selected. In all of the enbodinents, a flowable dielectric
material may be disposed within the gap to substantially encapsul ate both
the wire bonds electrically connecting tthe opposing die and substrates and
t he di screte conductive el enments connecting the termnals of the 25 second
sets on the t WBRIEFEDESCRIPTIONSOF THISSEVBRIAMEVIEWS IOFOVHBIDR AWINGS! i ¢
material may be introduced between the | owernost interposer substrate of
an assenbl y and [17hr lihemetkedrndrapparatus of thesresent iavenfioaydt e maie &ulbhe

second B vkt A BT HBUAP LR SR TS N S

invention wddraWmgsBileréitl | y understood fromthe detailed description of
the invention when taken in conjunction with the draw ngs, wherein: 5
[0018] FPGs. 1( #0018] 1 Eds.di(@ -sli(dypdre singdificd seass-sestionana¢wsofarsof a first
enbodi nent, il l.ust ing.a nmethod of vertically stacki electrically
connect | ng BB A iR Bl dslsubri e atiine Py BeHarBEREE it er poser
substrates ﬁllﬁ?%ithe Eﬁﬁé' Hebvébn e?e?c’t’ﬁ&ﬁ? Q&Q{e@fed%@?ﬁﬁér%ﬁﬁk%‘ite‘é,%kﬁh%ing B
th t 019] FI G f

accordance w e present invention; [O 2 1s a sinpli

cr oss- sect semmbnduictw didf attachert theteiog m afcotdascd with the pk€seatipuetitivant |
illustrating vertically stacked j.nterposer substrates having.nultiple dice
attached t o eachotiSf erFéﬁs IS aimelifd eoST rogRA MEN Rk VATRHOR ﬁéthﬁff%%tem

i nventi 9; ehBBEMenkiffhstdting vaisdiYNd kb tht s Ehle@ R ind/ i@ dide SeCONd
enbodi msnt,e i ueélt’rlatsi né %‘e/rtli cgﬁty st acﬁrg%%?%t er poser Hé st Pat els havi ng
at | east pattachetl kyedchtimepober sobdtme, in aticorlantd with €t présenteiheention; accor dance

with the present invention; and 15 [0021] FIG, 4 is_a sinplified
cross-secti onal Q20 JGa3 {sa $1apl1gRd sos-pretioRal JiRY obhtssand@pbodiment, st r at i ng
vertically: ' ' @PPLJ['- L4Tposed
di ce attac r@&;ﬁ;&ﬁg&%@&ﬁpﬁ?@gg@ a é:scraep\%}nﬁ)t% Hgt?%%%%és{g%ts n\}%h{ l?égeﬁﬁf%gﬁsk LED
DESCRI PTI ONlidefatta¢tied théredTin@NcAdad @Gz thEphsaitimvdinsonfanihe present invention

will be hereinafter described with ] ) o
15 [0021] FIG. 4 1s a simplified cross-sectional view of a variation of the second

i ed

embodiment, illustrating vertically stacked interposer substrates having substantially

superimposed dice attached thereto, in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 [0022] Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It should be understood that the illustrations
are not meant to be actual views of any particular apparatus and/or method, but are
merely idealized representations which are employed to more clearly and fully depict the
present invention than would otherwise be possible. Additionally, elements and features

25 common between the figures retain the same reference numeral designation.

[0023] A method and apparatus of a first embodiment of the present invention

is shown in FIGs. 1(a) - 1(d). FIG. 1(a) illustrates a simplified cross-sectional view of a
first interposer substrate 120 having a first semiconductor device or die (“first die”’) 130
attached thereto by its active surface 132 to provide a first assembly 110. The first

30 interposer substrate 120 is a substrate that may comprise a flexible material, such as a

polymer tape or resin, or a rigid material, such as silicon, ceramic, glass, semiconductor



reference to the acconpanying drawings. It should be understood that the
illustrations are not neant to be actual views of any particul ar apparatus
and/ or method, but are nerely idealized representations which are enpl oyed
to nmore clearly and fully depict the present invention than would

ot herwi se be possible. Additionally, elements and features 25 common

bet ween the figures retain the sane reférence nuneral designation. [0023] A
nmet hod and apparatus of a first enbodiment of the present invention is

shown i n Fhigkeriall §29 glassiitiél lankih4te sddhids anl HRUS UAdin@R. h6 ififdRlintbpBskr substrate
cross-sectional view of a first interposer substrate 120 having a first

seni conduci ¥ ingbdege fiost serface (122 iand e setfoad,) oppeeing aurfaseHad heviag an opanyng t s
active sur 3 first assenbly 110. The first 30 interposer
substrate ig@“}%‘ io %fgﬁﬁ?%ttt er?@ﬁ? ghay conprise a flexible material, such as
a polymer tape[gp4] e ahele%caadhega/éﬂor@do%leadldedsaaﬁ@sﬁét ?é Ha?@@pr(ﬁ/%{eﬂm c,

gl ass, sem conductor 7 material or a glass fiber lamnate such as an FR-4

| am nat e Whepdrtips bf thetsecpq@dsserfa@lﬂti’éts:uabendmg@pempzheqd@%thaopennrg 126fithece 122
and a secog OSI surface 124 hawg% an en| ngi 8% n th formof a
slot there Fﬁtbtﬂg‘%osﬂr 0.4 alteghativelyy the heédp ed?m d St%’i‘t léfcﬁ?ﬂ‘ﬂem ve
tape may DedLacdercd] e AnPRE rflipble E%trﬁt%q(QOdFﬁwffl@‘Pﬁ) ety T oundi ng
a periphery of the opening 12 t ?lrst I nt er poser 120,

al t er nat i vettached lethadtilesiveenrthy sdvenpsuwrtice é24 bﬁthsdhﬂhmatpoaérlsybmtﬁeno sdhe

second surface 124 of the first jinterpqgser_substrate 1 F|r t die 130 is
directly Hf agAdiyesyripesel3 &dﬁé@q% & 1oRas fecBRen %F?%ﬁ@’gefi ta¢ fiishe first

i nter posgr sgitRetihat,e # é’;\g]%n;lréz f first die
130 is face up an%toag%gfggilﬁﬁgpo%r om %ﬁ‘t@%(ﬁsﬁ?o%tﬁur lfg jner the first
i nt er poser subs{002s5¢ Eébtﬁ&ulnughoﬁﬁeetlorpbﬂwagﬂﬂ&ﬂﬁahebﬁﬂhaﬁrst[dwzﬂjand

El ectrical interconnecti on between bond pads of the first die 0 and

termnal s &rmgngds of the first iterppsss évbsgraﬁsltmﬂﬂéiritzﬂ@rfa?ﬁ ¥i2magy bge fG&B‘é bywirgray be
effected by, fmlflgvvﬁ% '89146/\%3 %@é&ﬁﬁgiéﬁgggﬁvg{e {i%gpe{dgoﬁ)fﬁ e D6l pRen bond

pads on the ac e surtace roug openi ng 126

and correspandt thg fireirdie 130 thraughtopenihiz 136 addcatisp@miinglidzninblsionehd firsst
i nt erposer substrate 120. [0026] FIG 1&%& depicts a sinplified
cross- sédt Seae 192 ofthsriingt igtemasersubpiratpl ddess i nt er poser assenbly 105

including the f '[6(%6] a%ﬁ%n?éby dg'r;ligts %Hﬂﬁlﬁ?edtc?os%-s%&?o%gpview of a stacked in-

process interposer assembly 105 including the first assembly 110 mounted to a second
assembly 110'. The second assembly 110’ in the first embodiment of the present
invention is preferably structured substantially the same as the first assembly 110.

20 Similar to the first assembly 110, the second assembly includes a second interposer
substrate 120" having a first surface 122' and second opposing surface 124' and a second
semiconductor device or die (“second die””) 130" having an active surface 132' which is
attached to the second surface 124' of the second interposer substrate 120'. The second
assembly 110" also includes wire bonds 140' electrically connecting terminals of the

25 second interposer substrate 120' and bond pads of second die 130"

[0027] Mounting the first and second assemblies 110 and 110' together is
accomplished by flipping the second assembly 110’ so that the first surface 122' of the
second interposer substrate 120" directly opposes or faces the first surface 122 of the first
interposer substrate 120, the active surfaces 132 and 132' thus also facing each other. In

30 this manner, the second assembly 110’ may be mounted and bonded to the first assembly

110 by a plurality of discrete conductive elements 150 formed of a lead/tin solder or



assenbly 110'. The second assenbly 110" in the first enbodi nent of the
present invention is preferably structured substantially the sane as the
first assenbly 110. 20 Simlar to the first assenbly 110, the second
assenbly includes a second interposer substrate 120' having a first
surface 122' and second opposing surface 124" and a second sem conductor
device or die ("second die") 130" having an active surface 132' which is
attached to the second surface 124' of the second interposer substrate

120" . The samebEve Gcofior-Ild epaks Olfisoletd@pldyee, AGEMg Wdretel ectrical Iy
connect i ng termnals of the 25 second interposer substrate 120" and bond

pads of se@@ld@c@veeelqramts 15@@2ruitable mftmmgamreeletqrmmedépwdh@@@@nal thersehivill es
110 and 110 to et her acc f l.I,RpPI second assenbly 110
s that ¢ neTeaEmit afas@5a Wonte subliecs g0 Bnd B B REGINE BEL o 1 ob
directly opgfmeRr-filled 868 ik Pfdyé& tth@&ﬁrs&@fé%oﬁ&?ctl% efehRnési158 may BatiREPOS €r
substrate 120, the active surfacCes 132 and thus al so facing each

other. I 8@edhThe eqndnetive leemetﬁhnhambseﬂtrtdtgreda@balhalytbapmpllhrssd and bonded
to the first, ass 110 b u alit f conductiyve el enments
190 T or meacpRS R ding i e melrtb ittt cReRSre kiR ceBr. PR cd” enoxy.

I f sol der iRl BY#d coﬁ&k'tﬁ%l’éﬁwﬂis%@b?ﬁa%/ alANEAHEL | 'b\i@ar@ h§MBRitsd 20 at a

suitabl e tenperature deternmined by the material tRereof will cohnect
term nal s oéppar,sdeart gekl, aowell s sllloys tldfrecfe §hi 2@nducdve dementk fl 5¢ omagiuct i ve or

conductor-filled epox t he .di screte conductive el enents 150
may be heatn® Elde@rcggguc‘yfws 0&8‘3‘%&9& w © SPEHBKING 018 T MRYHONERF(N ?W’é?d as balls,
bunps, pgl 0 ul al s

oo oyen t SR Gl HTR b co tARET s Rt e M G CRAIRAEDE B 150y

al so i ncl udéhestvaflayar mapbe emiphiyeé th liey of (hap@econcmlchwaeslementgol d, as well as
all oys thereof. The caonductjve el enents i nclude a conductlve or

nonconducti ve c#%28havihegtaskesd ‘BFeWP"eaSé%HMéW \Y‘éthl aRlurality1qf disresteon.
Al ternati V@!)ﬁ'ducﬁvesa rﬁ@ﬁtL §50 bég)%léllﬁ ﬁ1|e R sﬁﬂ%%cgﬁlzi @.{ul.l Y25 QPG RadRg! ve or

adhesi ve | ayer Be enpl oye ieu o I screte conductive elenents
[ 0028] The asbmbhaﬂl A0ndndriRosmovidssepiy Y60li@erebétivaerahPpling @théipiyt IDf whikl & et e
conductive elenents 150 between the first surfaces 122 and 122' of the

first ahd delusddy the b qfdhe disgetgicandurtive glempnisd $0a Agdpcvionlt wbfeWet ween
having a heiahte b8nddN460nd $40' extend from bond pads of first and second dice 130 and 130

respectively to the first surfaces 122 and 122’ of the first and second interposer substrates
120 and 120", the wire bonds 140 and 140' exhibiting a wire bond loop height H,. The
wire bond loop height Hj is the distance, for example, that the wire bonds 140 or 140’

20 extend above the first surface 122 or 122' of their associated interposer substrate 120 or
120", as shown in FIG. 1(b). According to the first embodiment of the present invention,
the gap height H; must be greater than the wire bond loop height H,. However, it is
preferred that the gap height H; be at least twice the wire bond loop height H; to prevent
opposing, substantially superimposed wire bonds 140 and 140' from making contact and

25 causing electrical shorts. As a precautionary measure against such shorting, the wire
bonds 140 and 140" may have previously applied thereto a low viscosity-type dielectric
resin film before stacked interposer assembly 105 is assembled. This film will mutually
insulate the wire bonds 140 and 140’ and substantially eliminate electrical shorts that may
otherwise have the potential to occur between the opposing wire bonds 140 and 140' of

30 the first and second assemblies 110 and 110", particularly if gap 160 is of marginal height
with respect to the height of the wire bond loops.



15 defined by the height of the discrete conductive elenents 150. As
previously set forth, the wire bonds 140 and 140' extend from bond pads of
first and second dice 130 and 130" respectively to the first surfaces 122
and 122' of the first and second interposer substrates 120 and 120', the
wi re bonds 140 and 140' exhibiting a wire bond | oop height H2. The wre
bond | oop height H2 is the distance, foP exanple, that the wire bonds 140
or 140" 20 extend above the first surface 122 or 122' of their associated

i nterposer subsooadp BbAGhewn inlBIL.,1(&SordR NG fitsNadséridbly1(0)and ARGetddidng to the
first enbodi nent of the present invention, the gap height HL nust be

great er t hassembly MOrase plepigichlbogrnnestehtogether asqmexiewsly desciibed, pdislestied t hat

th hei.ght HI .he at | east. twice the wine bond | eop hei ght  H? t
opposi ng. - BapaREAdrPimaTRsbmadt i dib olBrie o RaRe SaEY D3 naki ng
contact  angkcahd sabmbRA 16!, el dislabiris BOleF SateAdl FOPERRMUAly QR FPAIMI ©

agai nst such shorting, the wire bonds 140 and 140' nmay have previously
appl i ed ¥ htunsledilE dopwound desiotwidespweaddise inefliprdhdp assersbliesf sdrvesie listrébuse acked

i nt nbly 105 . nbl ed. is fil N | | i |ate th

w e bonds PR RS ondfe filand sopdarieaPhes bt st b e Pe ok R o ¢ hat

may ot her whGnia¥ifort MRIRpEALLA! IfBI0GAL HIBGHIEAA 1708s BRRAAIGnihdtRebONds
06" Beara 20"

140 and 140" of 30 the first and second assenblies 110 and
par ti cul ar itynayfalgpafacili6@e frans@dr oftheafigandratee ifigit the firstland esped ticed 30 lhed hei ght

of the wr o] l,oops., 0029 sho in FIG, 1(¢)., once the first
assenbl y Jé&aﬂg? REEEis @%@lﬂéi@? §lsq feghuceyt eB‘Pt_S’&éaﬁif?:raﬁniVVO’?:‘BﬁH@ct ed
t oget heyg aéorﬁalﬁﬂfa%ﬁtétw@&%ﬁ{e'fﬁ&dandgc&ha'ags%}ﬂbnie? 110 Aﬂdelggna{d?rbaheslazlo may be

di sposed into gap 160 between the first assenbly 110 d econd assenbly

110'. The dddtiew mechdnidal bondrbdterernihe 1if@ and scvond hssembiies tiddnkdd 185 Tae 5
"underfill" _ conpound due to w despread use in flip-chip assenblies, serves
to di stribEIE RGeS 7§|Iaacye<zfnaﬁvspﬁ owagk‘ftm&wr&ée@ﬁ'aala%@éﬁs PR EROXYRS 2nd 110"
due to theLgsfi. RXRANS & : 11904 ' iQp. If dielectric
R e e T L e A LT L S U T e
transfer of hea{0036he Tat@dmbtediliihy) érefdap 160 affiticegand effectmell3 D isunatessadO’ .

The dielectrh? filler material 170 al so reduces the potential for
envi r onheniiill fy 2881004 A singeal geowse tipewithqud voids gr 3 peckstsforBingines 110
and 110" a i i tel l wrst and
econd asa g%bfplieg ‘é‘ﬂaﬁ-@l gﬂ% ?ﬂ% éfﬁgiﬁr(?aéy HBRFRAY L e LA I BESVEER Al dedil &

the art manipulating the viscosity and surface tension of the filler material to

accommodate the height of the gap 160. Another consideration to promote filling
efficiency is in the method used to fill the gap 160. Such methods for filling the gap 160
20 may include, but are not limited to, injecting, alone or in combination with pressurized
and vacuum-assist methods. For example, filling the gap 160 may be accomplished by
applying the filler material 170 from a dispenser nozzle 175, which may comprise a
needle. The dispenser nozzle 175 may fill the gap 160 by dispensing dielectric filler
material 170 at either one side edge 112 or two adjacent side edges (such as side edge
25 112 in combination with an edge facing the reader) of the stacked interposer assembly
105. The dielectric filler material 170 may then be allowed to freely flow and fill the gap
160 as a result of capillary forces between the first and second assemblies 110 and 110".
The stacked interposer assembly 105 may be tilted downward away from dispenser
nozzle 175 to employ a gravity assist to flow. Further, in utilizing the one-sided or two-
30 sided dispense method, the dielectric filler material 170, when of an appropriate

viscosity, pushes and removes the air from the gap 160 as the filler material 170 fills the



filler material 170 rmay conprise a flowable polyneric material, such as an
epoxy or an acrylic resin, and may contain inert filler material therein

to reduce cost. [0030] To pronote filling the gap 160 efficiently and
effectively, it is necessary 15 to fill the gap 160 in a m ninmal anount of
time without voids or air pockets formng in the filler material 170. Such
efficiency may be optim zed by a personl®f ordinary skill in the art

mani pul ating the viscosity and surface tension of the filler material to

accommodat epdch ehdddth 9iThe @fspéi6r €121 UG8 maY Wt Tk edC0 iRd £66rdbik 8Na §RinigE BF Ot €
filling efficiency is in the nethod used to fill the gap 160." Such net hods

for fillingny éthendippensidg apparetys kmoyniethe bt Afheranpdicatiomafiteeldielsctricfjliset i ng,
alone or in combination with essurized nd ,vacuum.assi st t hods. For
cxanpl o 1 PefsPp Tt B edthy Bt R amel Penattas a5t AfSi N | or
material 14Qa4d @ &dﬁigsd}ﬁt'ﬁfé ﬁfelé&ﬁ?@ﬁl?er%ﬂaﬁeriél"@él@&ed’)‘%&! aFRARGIsSRiBlid BRsdl . The
di spenser nozzle 175 may fill the gap 160 by dispensing dielectric filler

mat eri al 5170 at [Mi31herAdiitsomllgeasashbgen MPIGo (d)ywdiakdaicentapsulddorenigtesial such
25 112 in_ conbinat.i

id d ] ith d f aci th d f th
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h b | : ol . f
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capillary forces between t rst and second as I es
st acked i npsvidesan addisiondl|syaldf Hetveen leact dik trdlitd assvviated irepyser sabstrdies penser

nozzle 175 _to enploy a gravity assist_to flow Further, in utilizing the
one-si ded &om (g endoranent qFentiesdhrrovides apadditional meehaniqal bend batyesn ek er j al

170, Whep gl 40 iRARLOM A RS GRNAY jo IS IRERANCLHR XEPERG) Yt O the

gap 160 as the fil mat er 1 space erern.

di spenser nozzl ¢0082% mayshewalih FX@d () atstiekédanehivdic hssebdy BYrdoageisey theany
ot her dispensjing apparatus known in the art. After application of the
di el ectri ¢ S®rkqddpternpsercaspembly 105 aftachadipecariereybyiate &% suchps p BGBovik a| i ght

ot her radi atj . e i ndi 0 i el ric

P er ot By ofisBleRSloniile R GrenlPABINGERATOM. e allsdhBF st

Addi ti onal ke}emenss 182GHAY dontdet fermiblaly)of aahidd Sdt 0f lefthér FHigaREMMBEdurfaBes2Uer i al
177 maybe provided to edges 134 and 134" of the respective active surfaces

132 and!3132nd 13t of the firptrand sgerndpeteamdicsil Eandsbl Oafoy migbanicatiyandickecicelly ¢
encapsul at 'cg&egﬁ}é%&%%{ed }th ogér%\é%gi}%?%@ %dc((j)lnghllc?ir\]/g Itraéeesaolf i ca?l%rvgtelgsr‘era?eac hdie

and its assocl a erposer su
180. Discrete conductive elements 182 may comprise any of the materials or

combinations thereof previously mentioned with respect to discrete conductive elements
150 and may be of any suitable configuration.

20 [0033] Further, as shown in FIG. 1(d), once the stacked interposer assembly
105 is bonded to the carrier substrate 180 via the conductive elements 182, as previously
set forth, next, a dielectric underfill material 186 may optionally be applied to fill a gap
184 therebetween. As previously discussed with respect to filling the gap 160 between
the first assembly 110 and second assembly 110", the gap 184 may be similarly filled,

25 employing any method known to one of ordinary skill in the art. Further, gap 184 must
be at least a height H3 equal to or greater than the thickness of the first die 130 or second
die 130' (depending upon which die is disposed between the lowermost interposer
substrate and carrier substrate 180).

[0034] Therefore, it is apparent that the above-described stacked multi-die

_30 assembly 100, having gap 160 at a minimum height H; due to the absence of a die

between the adjacent interposer substrates 120 and 120", results in a substantial decrease



fromthe environment. Further, it provides an additional nechanical bond
bet ween each 10 die and its associated interposer substrate to help
distribute loading and thernmal stress. [0032] As shown in FIG 1(d), a
stacked nmulti-die assenbly 100 conprises the stacked interposer assenbly
105 attached to a carrier substrate 180 such as a PCB wwth a plurality of
di screte conductive el enents 182 therebétween. The discrete conductive

el enents 182 may contact termnals of a third set on either of the second
surfaces 12fththerhtlofitBé asseibly) & uiihes it shoEld PR GpPdciated Shdl kicisieskhPindBitiohl 0'

for mechanically and electrically connectlng stacked interposer assenbly
105 to con#tvideseneapaeleorndt hatle theayirg eands 1#6 andit 40" forgdlye first sk sscendconduct i ve

| ts 182 th t rrb t th f
covr oual y arstBlet BTG ol Al g e et toB R e S BRI 150, and
may be of aR¥nehts 158McByEeaThd Gt Atd é&@ondzé%sérﬁ’ﬁfeg]llﬁ‘dﬁ& DEd, alist wieWMel N FI G

1(d), once the stacked interposer assenbly 05 bonded to the carrier
substrat® p8idddan Dhepmn@wtﬂpl Qféilleilgauhe (A1) ldtmnhalse ¢1clevtno tigleymatesial ¥4k t h,
next, a di%%ectrbc underfil]. nate %? |onﬁl é be aﬁf|led to fil
a gap 184 B PiRsEH nveation B’i?" §P§Pe a4 | i ng

the gap 16@1r9@1¥&@ﬁﬁY“&lﬂeafsb&é&ucﬁ%%ﬁé‘??&rﬂ?&%@faﬁy?féaé&ﬁ&é}% assenb' y 110', the
gap 184 may be simiarly filled, “25 enploying any nethod known to one of

ordi nary skill i[0035he Awvsriationr20hef thegfapt ehibbdimait of e patseheiaséntmnhiei ght H3

equal to or reater n the thickness of the first di 0. .or second die
130’ (depehl&nSFr@ iR @% depighing %mmf?s%g@as BRctiR Vil %t%ffseﬁi HSEPOSCht er poser

substra f t that
he. abovd- desmPR A0l SRR iR col QA TBB DN Gesrcbitehy ABRRAR, o1
M ni num heiegdit oftfirsicine stepridhintelosanabstates22diand 2b@t Wasnatibgorad jsanigartto

i nt er poser sub(%@gtes 120 and 120', results in a substantial decrease 11 in
the hei ght T stagked gudishg apsenphy (AR in every wopRAGH erasRt Bpprdardieccand hat the

present inyeq bﬂ@s 21 @1& ﬂ%sl Sﬁ?i@plﬁllt'ld tﬂo?ﬁm?tffgl?&ﬂmﬂ.ﬂ&ﬁlg f\%t agd Q&QQE 110%0 and

140" for the tirst and secon asse Iles rtronally,

encapsul at 280 and 230 dirdethcatatiedonrelisbdiined opémngi2s ahfQ26ah Weeirstdid fi r st
and second assenblies 110 and 110', all of which are 5 provided in one
process 13t 8geopd intermosegubtites 280 #8029t h t he di el ectric filler materi al

170. [0036] A second embodiment 300 of the present invention is illustrated in FIG.
3, depicting a partial simplified cross-sectional view of stacked interposer assembly 305
having multiple first and second dice 330 and 330' respectively attached to each of first
and second interposer substrates 320 and 320'. The second embodiment is similar to the

20 first embodiment except the openings 326 and 326' in the first and second assemblies 310
and 310" include a staggered, or laterally offset, opening arrangement 390 so that the
openings 326 and 326' in the opposing first and second interposer substrates 320 and 320’
are not directly aligned and facing each other in mutual superimposition. As a result, the
wire bonds 340, for example, in the first assembly 310 do not directly face and cannot

25 contact the wire bonds 340’ in the second assembly 310'. Significantly, the staggered or
laterally offset opening configuration 390 reduces the necessary height H; of the gap 360
to be the same or only slightly larger than the wire bond loop height H; since opposing
but laterally offset wire bonds 340 and 340' cannot contact each other. As shown in FIG.
3, the first and second interposer substrates 320 and 320' may each include multiple

30 openings 326 and 326' in the staggered opening configuration 390 for attaching multiple
first and second dice 330 and 330’ to the first and second interposer substrates 320 and



In sum the present invention provides a nethod and apparatus that provides
increased circuit density while al so reducing the nunber of fabrication
steps. [0035] A variation 200 of the first enbodi nent of the present
invention is illustrated in FIG 2, depicting a sinplified cross-sectional
vi ew of stacked interposer 10 assenbly 205 having multiple first and second
dice 230 and 230' respectively attachedl2o each of first and second

i nt erposer substrates 220 and 220'. This variationis simlar to the

st acked nuB20'- diltermagsepithy filsdand Secon®inyerp&epatistr &30 arddB20f inbptachnd second
assenblies 210 and 210" include, but are not limted to, nultiple first and

second di ¢ cine @s@nh/rmlem@mna in thetstagzered aponies endigurasen Pt Kds léfﬁ@-ﬂ? Hab ;26
and 226" | Phels ﬁgondlrﬁ%%od)d I%%I{t joggﬁ%%f?s%{qthll ven%oPl ?udeﬁ bSta{n%ta %an%g ﬁ} ? 20

[ 0036] A seco pr 8gé P &g Mted in
FIG 3, deptedkstdih the Bt bmBbdifiefPidd h@HtiSiall§ Sthe §€doh@ Bbodihfm mtluaés%: ked
i nterposer assenbly 305 having mul £i ple first and second dice 330 and 330
respecti S/enymanz@dh@urqdcgaeé@mhbbetﬁmrsﬂle interposas sulrstraten tepioowes a tadbeadr at es

is simlar to the 20 first enbodi nent

320 and 32Q' hﬁ gﬂgo od|

except t he PBEaRT Aigjghtdond Cgfﬁ ltYhe first and second assenblies 310
and 310" incl udg@7pt %Gﬁ{a%@n 4@0 of HeQE@nenPolidfdnt isAREHAD RTHIGNYSMRaE 390
so that the openings 326 and in the opposing first and second

i nt er poser depibts apattes SMﬁaddrciSQ-@ectloaalenmbf stacked intyrpasdr gsrethbiyddF aci ng
each other_in nut 0 resul the w.re_bond 340 for
ol e, 1 HerRg metie RE i SRGRE 6 30 bt Pl FeRectiyely Bactiids B50A

contact 14 h@ed@h& ‘ﬁth?H%’f s@&@atek B26 bR SRE OPHis R8T 1Y skl to @eg&oﬁﬁcant ' y, the
staggered or laterally offset opening configuration 390 reduces the
necessary hmbgdlitnehﬂlem:fepttthmt thaptagded dpening dohﬁglﬁalmn 410 mdlu;lesdppgsmg y |larger

bonds 340 APERIBERO126CAANED LG Rt eRGY feagihes Pt B cho "¢
first and %ﬁ%&'ﬁ% %&hﬁ%@@?@ﬁnf&% B{e%@f%%ﬁl%%t Ered 20 thalBYr 1é, gk ude

mul tiple 30 openi 26 and 326" i'n the’staggered openin onfiguration
390 for atppelinys dmbtﬁj' gigned faind $icirgrud lenetcopratioh a3 posing oﬁaﬂhgtWMﬂ”ue first
and secopd i.nterposer substrates 3 and 12 320" . Alter ive fi rst
and secind! tiis paisyarttagagehqraniog csrzu‘gguaﬁepn&@st sishitn of s ééo ®one

openi ng i NpbRiket HAAIRE 66hdBER hB8hCA MddAWAd thoWird¥nd l&op'h%lg?l?il%b' € t hat

(Ho<H,<2H,). As in the previous embodiments and alternatives thereof, it is well
appreciated that this structure offers the same advantages of increased integrated circuit
density with a reduced package height as well as reducing the number of process steps.

20 [0038] The present invention also contemplates that an entire die secured to an
interposer substrate may be over-molded for complete encapsulation of the sides and
back side thereof, or may not be encapsulated whatsoever. Further, use of a dielectric
underfill material between adjacent interposer substrates may be omitted if desired,
although use thereof is currently preferred. Additional openings may be formed in the

25 interposer substrates to facilitate introduction of the dielectric underfill material or
avoidance of bubbles or voids. Further, one or more additional dice or other electrical
components may be secured to the interposer assembly on the top side thereof (as to be
mounted to a carrier substrate and electrically connected to the interposer assembly as
known in fhe art).

30 [0039] While the present invention has been disclosed in terms of certain

illustrated embodiments, those of ordinary skill in the art will recognize and appreciate



t he second enbodi nent of the present invention includes the sane advant ages
as that discussed in the first enbodi nent and, additionally, the second
enbodi ment includes a 5 mnimzed required gap hei ght between the

i nt erposer substrates to pronote a reduced package height for a high
circuit density. [0037] A variation 400 of the second enbodi nent is
illustrated in FIG 4, which depicts aipartial sinplified cross-sectional
vi ew of stacked interposer assenbly 405 having nultiple first and second
dice 430 a ) | t nt er poser
ubst rat oo s anyrASERAId KF LB, AHEn) delekb oot ReaREE R

enbodi ment dexlosgl enithualimédtentay dg gffeaed withoutrigpating figurtht sape49thel ncl udes
opposi ng openings 426 and 426’ partially aligned to directly face_ each
other. In wﬁ{lﬁlwwam@ﬁéereabp%mﬂﬁ@y,Js@weﬁé@mw aphediment mayebegortoiedp| y

st agger ed f I [ | i gned and faci ng
at | east aagt(})lrﬁ or? fgﬁétgﬁxvglgpe rg{nﬁlgﬂ? ‘zﬁﬁ%%%"i’ﬁ ﬁ@e?ﬁi‘{ gﬁ%lgrtl cul ar

st aggeresl openi ng configuration 490, the height HL of the gap 460 maybe
between the wire bond | oop height H2 and twice the wire bond | oop height H2
(H2<H1<2H2). As in the previous enbodi nents and alternatives thereof, it is
wel | appreciated that this structure offers the sane advant ages of
increased integrated circuit density with a reduced package hei ght as well
as reducing the nunber of process steps. 20 [0038] The present invention

al so contenplates that an entire die secured to an interposer substrate
may be over-nol ded for conplete encapsul ati on of the sides and back side

t hereof, or may not be encapsul at ed what soever. Further, use of a
dielectric wunderfill material between adjacent interposer substrates may
be omtted if desired, although use thereof is currently preferred.
Addi ti onal openings may be forned in the 25 interposer substrates to
facilitate introduction of the dielectric underfill material or avoi dance
of bubbl es or voids. Further, one or nore additional dice or other

el ectrical conponents nmay be secured to the interposer assenbly on the top
side thereof (as to be nounted to a carrier substrate and electrically
connected to the interposer assenbly as known in the art). 30 [0039] While
t he present invention has been disclosed in terns of certain illustrated
enbodi nents, those of ordinary skill in the art will recognize and

appreci ate



13 that the invention is not so limted. Additions, deletions and

nodi fications to the disclosed enbodinents may be effected w t hout
departing fromthe scope of the invention as clained herein. Simlarly,
features from one enbodi ment maybe conbi ned with those of another while
remaining wthin the scope of the invention. 5 14 CLAIMS What is clained
is: 51. Anethod of fabricating a stacked nulti-die assenbly, the nethod
conprising: securing at |east one sem conductor die to one side of a first
i nt erposer substrate; securing at Iqﬁggpgge sem conductor die to one side
of a second interposer substrate; an electrically connecting the first
and second interposer substrates with a first plurality of 10 conductive
el enent s extendiqg transversely therebetween and with no sem conductor

di ce di spodeRptbetlgiEwd ¥he first and second interposer substrates. 2. The
‘method of claim1, further conprising: introducing a flowable dielectric
mat eri al between the first and second interposer 15 substrates and

substantsal |y encapsul mtihod of fubritatingta quckedinulti-diefasspitiyiahé methodl enents. 3.
The nethod of claim1, further conprising: securing each of the at | east
one sem coRAUBEIPREdie to its respective interposer substrate 20 by an

ser cof to its respective ! |
v ough. - acanahPrsatent katioddlgleh By SRERC AR Bl SRR O

el ect ri cal kycugiap aekehit dge e@titomfuctod dictb one sl 0P AeecwaliOMALE sibstdiegatd t he
interposer substrate to which each of the at |east one sem conductor die
i s secur ed elegtrigally eeppectingibe {irst endgneandintesperenspbsrans withexpesderaborati on of

h i f f ' ' f the r. [
| nterpodlr subs e TSR f ke BRRSEAG AR ARULEERS Gl o T

secur ed. semiconductor dice disposed between the first and second interposer substrates.

2. The method of claim 1, further comprising:
introducing a flowable dielectric material between the first and second interposer
15 substrates and substantially encapsulating the first plurality of conductive

elements.

3. The method of claim 1, further comprising:
securing each of the at least one semiconductor die to its respective interposer substrate
20 by an active surface thereof with a portion of each active surface exposed through
an opening in the respective interposer substrate; and
electrically connecting each of the at least one semiconductor die to the interposer
substrate to which each of the at least one semiconductor die is secured by at least
one wire bond extending from an exposed portion of the active surface thereof to
25 an opposite side of the respective interposer substrate to which the at least one

semiconductor die is secured.

4. The method of claim 3, further comprising:
introducing a flowable dielectric material between the first and second interposer
30 substrates and substantially encapsulating the first plurality of conductive

elements and the wire bonds.



4. The nmethod of claim3, further conprising: introducing a flowable
dielectric material between the first and second interposer 30 substrates
and substantially encapsulating. the first plurality of conductive

el ements and the wire bonds. 15 5. The nethod of claim11, further
conprising: electrically connecting one of the first and second i nterposer
substrates to a carrier substrate withis second plurality of conductive
el enents extending transversely therebetween. 5 6. The nethod of claimb5,

further conprisisng: QLR gkﬂgkﬁnﬁlﬁﬂﬁgigggbﬁgt tric material between the

one of the first and secon I nter péoser su s and the carrier
substrate akdiriulbstamectilg oneedf dapfil Aidisaghridhifterpeaanbstpitdsrtakichiyienf
conductive elenents. 10 7. The method of claim 1, further conprising:
forming at | eastubsfateopng srgondplugality of conductiverelqmentexdadingtransyessipser
substrates in gﬂ§§§; {5 whereby the at |east one opening in each of the
first and secon I'nterposer substrates is at |least partially laterally

of fset fsomat |east one opening 15 in the other of the first and second

i nterposer substrates when the first and second interposer substrates are
el ectrically cofnect dte ngthoprd clremido dirBer eorapmsing: f urt her conpri sing:

formng at .l east. one, 0 i i,n _each. the first d second int.er poser
substratesl?q?dﬁgﬁgﬁﬁgggﬁgﬂggﬁﬂg?8H§ﬁPﬁga§Fa? §§Pe8ﬁ§w3§§nn§§a¥ﬁdeach of the
first and secongntedpbte sibib@ies aHdEHeRfrRS shtfstratél dndl shidtitially ¥n@bbagingfthem at

| east one opening in the other of the first and second 1 nterposer

subst rat es when sedpad plurslity af dorsluctradelemends.poser substrates are
electriqally connected. 25

7. The method of claim 1, further comprising:
forming at least one opening in each of the first and second interposer substrates in
locations whereby the at least one opening in each of the first and second
interposer substrates is at least partially laterally offset from at least one opening
15 in the other of the first and second interposer substrates when the first and second

interposer substrates are electrically connected.

8. The method of claim 1, further comprising:
forming at least one opening in each of the first and second interposer substrates in
20 locations whereby the at least one opening in each of the first and second
interposer substrates is fully laterally offset from at least one opening in the other
of the first and second interposer substrates when the first and second interposer

substrates are electrically connected.

25



