06/ 09/ 2004 -1 APPARATUS FOR PACKAGE REDUCTI ON | N STACKED CH P AND BOARD
ASSEMBLI ES 5 TECHNI CAL FIELD Field of the Invention: The present invention
relates to a nethod and apparatus for increasing integrated circuit
density. In particular, the present invention relates to a nethod and
apparatus for sem conductor package volume and hei ght reduction with
enhanced reliability and sinplification of the fabrication process for
stacked 10 sem conductor dice. State of the Art: Chip-On-Board06/0SQB0O} or
Board-On-Chip ("BOC') technology is usedjto attach a sem conductor die 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"). 15 Fli p- C&PPANA"?@@WPQ &F RESARCTROR of electrically
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carrier substrate using a pattern of di'screte con
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surface ofs the die during fabricati gpcHNicARYIEINSt ead be di sposed on the
carrier substrate. The discrete conductive elenments may conprise mnute 20
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sem conductor die is thus electrically and nechanically connected to the

carrier substerdaecddyelidtplityemdispphelificatbn ofvihe dalrmatioe piocessfongackedl sol der or
curing 251 conductive or .conductor-filled epoxy bunps. A dielectric
under f i | 1 1%raySHEORdYEtr di€hosed between the die and the carrier substrate

for environnental grolgohi QR: 2REh-OR-BERACISYHRE BYERNBRLGRD gaéé@*z)hrfent of
the die to the carrier substrate. Wre bonding and TAB attachnent

t echni ques getrelaldgy ibasgdtowitath asanaicondugton diestora camixtisobstratedsueh by a ptiatedack
side to the surface of .a carrier substrate with an.30 appropri.ate adhesive,
such as an epﬁf&lﬂgﬂoa@f{ (DB endimey bae ?fiﬁ?cﬁvﬁne&/ﬁwqw Aachirieat wits bonding,

and tape automated bonding (“TAB”).

15 Flip-chip attachment generally consists of electrically and mechanically
attaching a semiconductor die by its active surface to a carrier substrate using a pattern
of discrete conductive elements therebetween. The conductive elements are generally
disposed on the active surface of the die during fabrication, but may instead be disposed
on the carrier substrate. The discrete conductive elements may comprise minute

20  conductive bumps, balls or columns of various configurations. Each conductive
element is placed corresponding to superimposed, mutually aligned locations of bond
pads (or other I/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

25  conductive or conductor-filled epoxy bumps. A dielectric underfill may then be
disposed between the die and the carrier substrate for environmental protection and to
enhance the mechanical attachment of the die to the carrier substrate.

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

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



di scretely attached to bond pads on the sem conductor die and then extended
and bonded to corresponding term nal pads on a carrier substrate. The bond
wires are 06/09/2004 -2 generally attached through one of three
conventional w re bonding techniques: ultrasonic bonding - using a

conbi nati on of pressure and ultrasonic vibration bursts to forma

nmetal | urgi cal cold weld; thernoconpression bonding - using a conbination of
pressure and el evated tenperature to forma weld; and thernosof¢/@9B88di ng -
using a 5 conbination of pressure, elevat2d tenperature, and ultrasonic
vibration bursts. A dielectric encapsul ant such as a silicone or epoxy may
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netal |eads carried on an insulati t ape . such as a. polyinide are attached
to the bond pHiaswir bendingsiHsingiepmipatnetpressure spd @EB%@&%F NPretianRusss hads

on the cart | SforaUbiibiMiiosh AR nRROLARIRIGS bRYE- 883, cdfifhAAES

m ni aturization of co nents, greate ckagin ity I ntegrated
circuits are pegarcundgdelasedatmpératurotyfotara weéldicnd tthermolenic bundiegensihg ans of

integrated circuit products are rel eased, the nunber of = conponents used to
fabri cat e X hetAmRIAon QS pa@éwsaeéévmteme@&v&@eg§1#q§0m§am¥6ﬁ1%wstévén t hough

the, funct] onafelenteuREOGHR LS UHRERAS Dox By BIATRL o0l o HEcBUEE 20°
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sem conduct or ﬁty 'Qﬁﬁ . i : e or board, resulting from
nor e conpact CesFﬁ%s é&%@?&%ﬁ@?éﬁ%&%ﬁﬁﬁ%ﬁi gnificant increase in

i nt egrat el ci rcui t Hihes pdrformianve W@ver cgstemicriasddnhmiptadizaation iof camponedd®nsSity i s

becoming signifjcantly limted by the space or "real estate" available for
the mounti ngalskereales Raskeaing densy ebingsgrated gireuits areongoimegoals abihe GRS of

Pt ent 5. 017, DIk PR ALE SIS nfeaid el Efte YBEILE N Hombot of,
teaches 25 ceunpotiens wedwi fabiidatelthem tamdsitd decrosse dpp osadvgnadsde sechhiolagy ead
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| eads of the ¢eadhoughthe fungtignality gf the products increases. For example, on the average,

15 there is approximately a 10 percent decrease in components for every product
generation over the previous generation having equivalent functionality.
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
20  significant increase in integrated circuit density. However, greater integrated circuit
density is becoming significantly limited by the space or “real estate” available for the
mounting of semiconductor dice on a carrier substrate.
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
25  combining a pair of dice mounted on opposing sides of a lead frame. An upper, 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
30 interconnected with the ends of their associated lead extensions with gold or aluminum

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



adhesively coated, insulated filmlayer. A lower, larger die is face-bonded
to the lower surface of the lead franme 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 30 interconnected with the ends of
their associated | ead extensions with gold or alum num bond wires. The

| ower die nust be slightly larger than the upper die in order for the die
06/ 09/ 2004 -3 pads to be accessible from above t hrough a bondi A¢/08i206éw i n
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pads of which are wire bonded to a substrate or to adjacent die devices.
However, as dmadapsssiblaby alnl@aldop-prﬁﬁ@a»nrer beplingoperaivg andngspwsities of adhesive
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well 15  Also, Ball requires the use of spacers between the dice.

U.S. Patent 5,323,060, issued June 21, 1994 to Fogal et al., teaches a 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
20  substrate. Fogal also requires the use of spacers between the dice.

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

25  combination.

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

30  processing steps of both underfilling the first flip-chip mounted die and encapsulating

the second die connected with bond wires.



as requiring specific sized or custom designed dice to achieve a properly
stacked 25 conbination. U S. Patent 5,973,403, issued Cct. 26, 1999 to
Wark, teaches stacked dice on a PCB. Afirst die is flip-chip nounted 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 also has the problem
of long bond wires and the excessive and sonmewhat conpl ex 30 processing
steps of both underfilling the first flip-chip nounted di e and06/09/2004
encapsul ating the second die connected w#th bond wires. 06/09/2004 -4 U. S.
Pat ent 6, 051,878, issued April 18, 2000 to Akramet al. ("Akran'), teaches
mul tiple stacked sUlSPaehe§0hR878)dssded Apribl8)12600 thAkenoetied. (Figkiznt’h), teadches
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di ce by reducing tTkeraford)étrwaild pe ademtagesistpleteop b &irly satighifortaed assenbl y

in conbination while reduci.ng assenply height and enployi.ng, commercjally
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apparatus for 1 ncreasing “integrated circuit n5|t£ y reduci ng package
hei ght and r esess fogfabhieatingnthe asseiblydnh@ombinative phile a¢ducaiprassmibly feight and
sem conductor die assenbly. The present invention 15 includes, a nethod and
appar at us f or STPRIQyREsgmIsECially gralable, widsly pragticed senicomiuctordeyige fabrigatiqry

i nt er poser su@g&ﬁ &S, each interposer substrate having at |east one

seni conduct or di e 'nounted thereon. The present invention includes stacking
i nt erposer0 substrates having dice nmounted thereto, each die being
electrically connected to conductive traces of its associated interposer

substrate by wi re bonding. 20 TMSEL@§Q&E ORVEYENHOMcl udes at |east two

oppositely facing il ﬁlregé?ﬁ fvention relates to a method and apparatus for increasing
integrated circuit density by reducing package height and reducing the number of
process steps for fabricating a semiconductor die assembly. The present invention

15 includes a 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 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 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

25  and on the 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

30  between associated 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



substrates, each having secured thereto by its active surface at |east one
sem conductor die with a portion of its active surface and bond pads

t her eof exposed through an opening in the interposer substrate and wire
bonds extending fromthe bond pads and | ooped through the opening to
conductive termnals of a first set adjacent the opening 25 and on the
opposite side of the interposer substrate fromthe at |east one

sem conductor die. The opposing interposer substrates are nut 0ai002004
electrically connected on their termnalssides by a plurality of
conductive el enents which extends transversely therebetween and
electrically d;ﬂﬁfh'ﬁ%%f&:oh&ﬁdﬂv@%le?néhfts Xt SREQ WarkOérs fRacthat Mt@pRE Qibstrate
substrate and laterally offset fromthe first termnal set, conductive
traces extendiongleg@ichldy owmactagstbe statksd inerpriserstubstoftes ea camersubsiratn Ame
sanme interposer substrate. Athir ter.mnal set on je.side of one of
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substrat e.5 Antheastbendifacé oftdt lehishopesseoacanidectos digsittactted to gn arterposen substrates ed

by the invention. Accor.di to onge. enbodi ment of th resent inventio an
exposed porti _S@’Fmaﬁg' ‘{lﬁ’éﬁgﬁcﬁﬁn ﬁﬁﬁ@tgﬁyiﬂte@%g&%ﬂ@@@ﬂ ?@Hﬁ‘ﬁfcl?o(fﬁélbi e
attached to agr hoh&IVRAAAECSHER idadl FotiRb BehiRBAd Rt MiditiRRLd % dngfiRe and is
substantially laterally aligned wth an exposed portion of the active

surface of atsupedsiposeddhiesroseresubstoatel e beiglatiof tlat gapdivtaicanchetwoe nterposer

superinposed interposer substrate, the height .of t ap .between the two
i nt er poser sﬂ%?é‘l‘?tgﬁ n%%tlﬂﬁ?j’t Lyice theet }U\Pt SHHEe h%}%éﬂgp ARG + & bond
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portion of the active surface o I'east” one sem conductor die attached
t o an i nt er poksast onebehicahducsorsli¢ atteched foyandintegmiskrysubftaate sulistantiaBy diredtlyast

partially laterally. offset fro n osed_portion of the active .surface
of at |east aﬁﬁ?sr@’)r{,ls ﬁd%&?‘?{&?@g’ g@éﬁ? e&@ﬁ{n&&rﬁa‘@efe&rpoa'il@ %ﬁthﬁéﬁbvﬁ to
another inte i 4 I poser
substrates i n&?ﬁ‘i@g ngtqlp%g '%Igérggeer’ %ng%rs]ggggklfeggééitgegﬁ%&%ﬁggﬁ%\gﬁgaﬁﬁgggo hlgi;tgirt but

| ess t han twointdrposet subistratepthh deightofithe gagbétwoén theentprpesarsubstravesnnitlus, an

exposed portion of the active surface of at, |east ope sem congductor die
attached to alSiapeebsiosayleatpas WHFgog‘&g)é’Pjﬁtghég%}eﬁit ayq, In still another

embodiment of the present invention, an exposed portion of the active surface of at
least one semiconductor die 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

20  the gap between the interposer 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

25  connecting the terminals of the 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.



faces an exposed portion of the active surface of another sem conductor die
attached to another interposer substrate but is conpletely laterally

of fset therefrom the height of 20 the gap between the interposer
substrates being at | east the wire bond | oop height. Thus, wire bond

hei ght may be m nim zed, dependi ng upon the opening alignnent technique
selected. In all of the enbodinents, a flowable dielectric material may be
di sposed within the gap to substantially encapsul ate both the @f/08286hds
electrically connecting the opposing di eb-and substrates and the discrete
conductive el enents 25 connecting the termnals of the second sets on the
two interposer substrates. FBRIBEMESCRIATHILDE DRAWINGS ¢ materi al may be

i ntroduced between_t he | owerpgost interposer substrate of an nmbly and a
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and apparatus of the present 1nvention w be nore oocril from
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views of 2. rs eﬁlgﬁdiéé 11(G§ aq %Hagllﬁ%f FIRES-secheial gt vesrof pdiret cafladmentacki ng,
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connect ed mt%@%ggfeh 0 tsﬁ??gg{éésrh&d}g, Srtan:ﬁ r%aﬂgc%lpg conﬁing%? tgﬂeé t:lllelgfl%ched
. thereto, in abaiweeieﬂecﬂnmllyhohha:tqsﬂmmpﬂser substniteq) Bachia8ing?a sesnieomsiutgok tfei ed

cross-sectional ew of a variation,of the first 10 enbodi ment,
illustrating %Plﬂ‘?dctgf"‘ley) 41 3R F%W@ﬁﬁ%@?s%ﬁﬁg’ﬁ?t&{%s having mul tiple dice

attached to each i fieoNORSim A LA SecldhaPie dtaVERat & hBrR esent

invention; FIG 3 1s a si rrp cross-sectional view of a second

enbodi ment(, i érthbedimaht, iilpstraténg vettidally stickakiatrposeesubstsaies Ravingd mattipde dieyi ng
at |l east partial Ly |aterally offset dice attached thereto, in accordance
with the pres¥@hchédipsach Bierpassy substiptegn a&cqrgargsegylph)thﬁﬁantdpyggmgect i onal

view of a variati opypfs it B cizros@ @Q&Eﬁnﬁ?ﬂgw f lalsgt,schldaetrﬁ%guﬁg{t dl'llgﬁl'ét%g
st acked i nterposer subsirat VI ng substanti a SUper i1 Npose
att ached t her-wadrticallyrstaakedintkapeser vabistratel ha\ﬁngstﬂaist pm&ahy laperally offset dice
attached thereto, in accordance with the present invention; and
15 FIG. 4 is a simplified cross-sectional view of a variation of the second

embodiment, illustrating vertically stacked interposer substrates having substantially

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

BEST MODE FOR CARRYING OUT THE INVENTION

20 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

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

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



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 20 Enbodi nents of the present
invention will be hereinafter described with reference to the acconpanyi ng
drawi ngs. It should be understood that the illustrations are not nmeant to
be actual views of any particul ar apparatus and/or nethod, but are nerely
i deal i zed representations which are enployed to nore clearly and fully
depict the present invention than would otherw se be possible.
Additionally, elenents and 25 features conmmon between the fi gubfée®9,280&i n
the sane reference nuneral designation. Aynethod and apparatus of a first
enbodi nent of the present inventionis showmm in FIG. 1(a) - 1(d). FIG
1(a) illustrahgerial &tla'Rhdsiiverlaalifgs se@cdsiad TR -4 VArkia@l TheffirétShterposérer poser
substrate 120 having a first sem conductor device or die ("first die") 130
attached t hersbsirdiy 129 smches ¢ éirgsnifacsel 223@d tasegmdy pppsigfsirface Bishavinigyant 10.

The first 30 inter str 0 ubstrate that may conprise a
flexible mat e?l?eafng dﬂﬂb?stb S&S{P&}éfer‘f‘ﬁfﬁél Ii resin, or arigid material,
such as silicon, Ccgl@¢REric %@%ﬁe&@ﬂbﬁ&@@i&ﬁ%h&%q%@&%be ?d%’éeﬁ%ﬁ' or a

gl ass fiber |lam nate such as an FR-4 | am nate. first er poser
subst r at e 5120partieh atits sepoﬁldrsgtfamlr%auaomngaoelapl@@coﬁhﬁ omxpngili‘@OEtlhcf ace

124 havi ng an in t he .f a slot therethr h di.glectric
adhesi ve or "i‘ibﬁ‘gq ngié(goé’(ﬂ%tgg}a\%aﬁ'r%ga%?wﬁénﬁrwra‘é@ ‘?g)g%‘(‘bsé“ ti on of
the second suwdRffhe s8bnd WFANDIAYT tRe RAE InRdIB6%r %bs&% 1(296%9%«,12@0 pf the
first interposer 120, or, alternatively, the adhesive may be provided to
subst anti al | ydlretchattaQHaé to thealbiessver draihe sacvad shrfadeel 24iaf she finst imtqupaser
substrate 120. .Firs 0 is,. dirgct a adhe5|ve on t he
Seoond sur f actibtHE G20uh i ARy REREn L Of R i D078 5eRes S aeble
active suff acfohIRe ffst Elﬂ@acE'lQéfof ﬁie%r}ﬁﬁtekﬁ)sfe@&%sﬁﬁie @Mtlﬁ&%ﬁﬁé Bb&idd13g om
the first surface 122 of the first Interposer substrate 1 t hrough™ t he
opening 126 thheemein. El ectrical interconnection betvveen bond pads of the

first die 130 and of the first er pos rate 120 on first
sur f ace 122y belErFSELBIFII1aG bebuiH oG PN & L RS A0 O (PRI ¢ o
ext end bet weegyr RoRg BAHDodH shhaROI0NG it AWEEEES AT kit by Wi i e 130

t hrough opening 126 and corresponding termnals on
bonding. Wire bonds 140 are formed to extend between bond pads on the active

15  surface 132 of the first die 130 through opening 126 and corresponding terminals on the
first surface 122 of the first interposer substrate 120.

FIG. 1(b) depicts a simplified cross-sectional view 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

20  preferably structured substantially the same as the first assembly 110. 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

25  assembly 110’ also includes wire bonds 140’ electrically connecting terminals of the
second interposer substrate 120’ and bond pads of second die 130’

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

30 first interposer substrate 120, the active surfaces 132 and 132’ thus also facing each

other. In this manner, the second assembly 110’ may be mounted and bonded to the



first surface 122 of the first interposer substrate 120. FIG 1(b) depicts
a sinplified cross-sectional view of a stacked in-process interposer
assenbly 105 including the first assenbly 110 nounted to a second assenbly
110'. The second assenbly 110" in the first enbodi ment of the present

i nvention is 20 preferably structured substantially the sanme as the first
assenbly 110. Simlar to the first assenbly 110, the second assenbl

i ncl udes a second interposer substrate 120' having a first sup@@8@06?2'
and second opposing surface 124' and a se8ond sem conductor device or die
("second die") 130" having an active surface 132' which is attached to the
second sur f acBrsi2ssembly t18ebyseploratity oftdisopess eondsigtied ¢laments 200 forfiied of@cond 25

assenbly 110', al so includes wi re bonds 14Q. electrically .connecting
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15 120 and 120’ provides a gap 160 therebetween having a height H; which is defined by
the height of the discrete conductive elements 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 wire bonds 140 and 140’ exhibiting a wire bond loop height

20  H,. The wire bond loop height H; is the distance, for example, that the wire bonds 140
or 140’ 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

25  height H; to prevent opposing, substantially superimposed wire bonds 140 and 140’
from making contact and 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

30 eliminate electrical shorts that may otherwise have the potential to occur between the

opposing wire bonds 140 and 140’ of the first and second assemblies 110 and 110,



The stacked interposer assenbly 105 with a plurality of discrete conductive
el ements 150 between the first surfaces 122 and 122' of the first and
second assenblies 15 120 and 120" provides a gap 160 therebetween having a
hei ght HL which is defined by the height of the discrete conductive

el ements 150. As previously set forth, the wire bonds 140 and 140" extend
frombond pads of first and second dice 130 and 130" respectively to the
first surfaces 122 and 122' of the first and second i nterposer 0645912904 at es
120 and 120', the wire bonds 140 and 140'.9exhibiting a wire bond | oop

hei ght 20 H2. The wire bond | oop height H2 is the distance, for exanple,

that the w reppaadsyld@ap 260 LAY mHnaNKkidRWith defiReci 1o/thé h&igh GFake Wié bBhd 122

of their associated ’interposer substrate 120 or 120', as shown in FIG
1(b). Accordilegps.o the first enbodi ment of the present invention, the gap

hei ght Hl nust be greater. than e wre bond | o i ght H2. However, it
is preferred that gﬁé’%“ﬂﬁﬁgﬂ{g}@cﬁ@eﬁrsﬁ @é%’?g]g\hqﬁéﬁg W‘?rlél ar§§)‘°ﬁ’?jbeli”oop 25
height H2 to Pf(ﬁ&t%f@lec‘ﬂ%ﬁ? IcBnecRidRS AR blevicidBaTscRRACH diMdeRidRmgs 140
and 140" from making contact and causing el ectrical shorts. As a
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may have previ ous li,ed.there a low Vvjscosity-type dielectric resin
film before s%sa%‘R@é lﬁﬁféﬂlf*ﬁd%%l?ctagilglﬁbwtefébl i0g corume |%gmegf%ﬁ~°saf¥i | mowill
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elimnate el ectrical that may ot herw se have the potential to occur
bet ween t he diptibsierigadsi placed ondbe firk0 amhsbcadDasserhblidsel 10iandt] 1 6these thendal

assenblies 110 and 110!, 06/09/2004 -9 particularly jf gap 160 is of
mar gi nal  hei g?ﬁpaw%a%%%’éreft%gw aRerip. Lrdielggrigfler %@%&aF?%ﬁéher%lly
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110" are electrically connected together as previously described, a
dielectric fidikel3Gamht3Y.i The diclectrivyfilbee nditerjad 4 20 also ralugesthd GOtehialfeen t he

first assenbly 110 and second .assenbly 110'. The dielectric fill ,
material 170, SEGORBIN! Fetapingtion Beieer i Tegpud Prsnias H}P&SEHL‘S el g and

wi despread usprok el hi Baditbihi ARERARL) Bind BAWLER e Qirstnd S uSschitls 1 B aced

on the first and secon I es n ue to thermal expansion

and contracti anl Hi@.i Tige Hdermiteal. 1 70 imai ;ohgeise b flowablegrolymédriy materidly Suchsas

thermal| y15 an epoxy or an acrylic resin, and may contain inert filler material therein to reduce cost.

To promote filling the gap 160 efficiently and effectively, it is necessary to fill

the gap 160 in a minimal amount of time without voids or air pockets forming in the

filler material 170. Such efficiency may be optimized by a person of ordinary skill in

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

20  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 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

25 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 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

30 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,



10 conductive, it may also facilitate transfer of heat generated fromthe
first and second dice 130 and 130'. The dielectric filler material 170

al so reduces the potential for environmental contam nation between the
first and second assenblies 110 and 110' and provides an additi onal
mechani cal bond between the first and second assenblies 110 and 110'. The
filler material 170 nmay conprise a flowable polyneric material, such as 15
an epoxy or an acrylic resin, and may contain inert filler mat801081200herein
to reduce cost. To pronote filling the ¢@p 160 efficiently and
effectively, it is necessary to fill +the gap 160 in a m ninmal anmount of
time wthout wngitdigingrthabne-pideket tsvoFsided digpense miethodf thk Idéeleatni¢ BHérahatdridl. Such

mani pul at 1 ng. 1o URBEGER FRPTOPFENPFE, RBHET B4 BT e M fedaP 18D % o 20
FI1ing effi eIt Malertl ORISR0 SERS G A% (FPORREROZN TR RBERMRER, o
for filling tteehgegservab®fawyringeciradg othentispersingatpphiatistk@dwhan thergre cAfiterg,
cxanpl 6. 1111 PRI e dilyelits T8 Mg B hap IS HEH b SaB BY B Hou kBt HEBy
material 170 3&191'?a?iaﬂb§9ﬁ%ﬁ%’i F]iﬁﬁ%% ﬁeér%?deﬁ%g%ﬁlg yﬁghg@%legf?ﬁﬁ‘fﬂe?ﬁl erigedl €.

The di spenser nozzle 175 nmay e gap Ispensing dielectric
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the dielectric
plurality of discrete conductive elements 182 therebetween. The discrete conductive

elements 182 may contact terminals of a third set on either of the second surfaces 124
and 124’ of the first and second assemblies 110 and 110’ for mechanically and
electrically connecting stacked interposer assembly 105 to conductive traces of the

20  carrier substrate 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.

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

25  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,
employing any method known to one of ordinary skill in the art. Further, gap 184 must
be at least a height H; equal to or greater than the thickness of the first die 130 or

30  second die 130’ (depending upon which die is disposed between the lowermost

interposer substrate and carrier substrate 180).



selected) to at least a semsolid nmass. Additionally, as shown in FIG

1(c), a dielectric encapsulation material 177 may be provided to edges 134
and 134" of the respective active surfaces 132 and 132' of the 10 first
and second dice 130 and 130'. The dielectric encapsul ation material 177
provi des an additional seal ant between each die and its associ ated

I nt erposer substrate fromthe environnent. Further, it provides an
addi ti onal mechani cal bond between each die and its associ at e@6i08t200poser
substrate to help distribute | oading and-itthermal stress. As shown in FIG
1(d), a stacked nultidie assenbly 100 conprises the stacked 15 interposer

assenbly 105 attachigefort, & i§ apgar&it tisk Bl JRVE ddRPibsAStAcIRY ruliiR A4kdntbl
plurality of discrete conductive el enents 182 therebetween. The discrete
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conductive elenents 182 may” conpri se any mat eri al's or conbi nati ons
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150 and may be of uration. Furthe shown jn.FIG
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substrate 180.4hants S0 B&Wie& iﬁe\«ﬁstein%rgewlﬂ ak&nbIRS 190 &Y PUB) M1 SB¥hicRaref Or t h,
next, a dielectric underf material 186 nmay optionally be applied to fil
a gap 184 t heprebidedwreone ptscqss step ofi fillingdhe gays b@with the dldsgecﬁilbnniamal h.t he

gap 160 between the, first assenbl 0 and, second as e
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skill in {ghe @ifctult cﬁﬂﬁl hile Qétpre%lﬁéln nun%r%?fdb?i@ﬁor?st ight H3 equal to

or greater than the ckness of first die 130 or 30 second die 130
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decrease in téel second interposer substrates 220 and 220". This variation is similar to the stacked

15  multidie assembly 100 in every respect except the first and second assemblies 210 and
210" include, but are not limited to, multiple first and second dice 230 and 230’ directly
attached over associated openings 226 and 226 in the first and second interposer
substrates 220 and 220'.

A second embodiment 300 of the present invention is illustrated in FIG. 3,

20  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 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

25 390 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 contact the wire bonds 340’ in the second assembly 310'.
Significantly, the staggered or laterally offset opening configuration 390 reduces the

30  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



hei ght of the assenbly. Further, it should be appreciated that the present
i nvention 5 provides encapsul ati on of both the wire bonds 140 and 140" for
the first and second assenblies 110 and 110" and, additionally,

encapsul ation of the discrete conductive elenments 150 between the first
and second assenblies 110 and 110', all of which are provided in one
process step of filling the gap 160 with the dielectric filler materi al
170. In sum the present invention provides a nethod and appaf&i0880phat
provi des increased 10 circuit density whil2e al so reduci ng the nunber of
fabrication steps. A variation 200 of the first enbodi nent of the present
invention is cdntacstachtagleri s shb@n i FI@e)ithet finsgarsl sstorl infergdecsubstsatese320i onal

i f stacked j ; nbly 205  h Lti.ple first d d
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in FIG 3, 20 plctlng a parti si npli cross sect1 onal Vi
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and 330" respectively ttach d to,each of first . and second interposer
substrates 32 dawagz e s60B0 SmbOMCOhIFGIRELA MinigEIdRATCA 9P Rergbl pyipgen
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and second interposer .substrates 320 and_320' are not direct al i gned and
faci ng each ot Refial simplifigdsrossssaspnalyissy of sackeddnterppees GFSLemb!X@}/WaaV@goonds
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openings 426 and 426’ are preferably staggered so that, for example, one opening is
directly aligned and facing at least a portion of an opposing opening. With this
particular staggered opening configuration 490, the height H; of the gap 460 may be
between the wire bond loop height H, and twice the wire bond loop height H,

20 (Hy<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.

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

25  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
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

30 components may be secured to the interposer assembly on the top side thereof (as to be



contact each other. As shown in FIG 3, the first and second interposer
substrates 320 and 320' may each include nmultiple openings 326 and 326" in
t he staggered opening configuration 390 for attaching multiple first and
second dice 330 and 330" to the first and second interposer substrates 320
and 320'. Alternatively, the first and second 5 interposer substrates 320
and 320' may each include only one opening in the staggered opening
configuration 390. It is notable that the second enbodi ment of 06K8/20P4¢sent

i nvention includes the sane advant ages ad3that discussed in the first

enbodi nrent and, additionally, the second enbodi nent includes a mnimzed
requi red gap meinghd tdxetarsansubltire hind eegiesly cnbsdtédioake irterposeimaisembly sduced
package height for a high circuit density. 10 A variation 400 of the second
enbodi ment i sknowngtthe in FIG 4, which depicts a partial sinplified

ment [ skinisihee - s al simplifi
First and second dhAiSRep Rl ELREYEE SRPORA R Tk L ©

second i nt er GASRIMSMESthodt EFordiadyarill HARE art Will Secv@hizebndapprecidt Hak e t O
t he second enbodi nent except that the staggered opening confiquration 490

i ncl udes dppovvengiosgendtrigdimipsl. 145dditiensq deletionsrand anadjfiegtioghtacthe disglosedct | y

face each other, Jn particul t.he..o S| eni ngs 426, and 426' are
preferably st%%"e‘#‘@ﬁgtg glalyhgte?fe{;tgfi welglgﬁﬁ)e@ alq gllget(r)o'(;%glrﬁ s%ap g %t6th ireet ri/asal i gned
and facing atclhigadthefeiR 08inhikily9feafiReORHA Dnb gmbP&itieAdmaybt Boibined widrthogeul ar
st aggered openi ng configuration 490, the height H of the gap 460 may be
bet ween t he v@fra@oﬁ@nwhilgwnmﬁngmnmtlmeopwtgtbe tyentygrr.e bond | oop hei ght H2
20 (H2<Hi <2H2). As in the previous enbodiments and alternatives thereof, it
is well appreciated that this structure offers the same advant ages of

i ncreasedjg ntegrated circuit density with a reduced package height as well
as reducing the nunber of process steps. The present invention also
contenplates that an entire die secured to an interposer substrate nay be
over-nol ded for conpl ete encapsul ati on of the sides and 25 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 tional openings may be formed in the interposer substrates to
facilitate introduction of the dielectric underfill material or avoi dance
of bubbles or voids. Further, one or nore additional dice or other

el ectrical 30 conponents nay be secured to the interposer assenbly on the
top side thereof (as to be



06/ 09/ 2004 -13 nmounted to a carrier substrate and electrically connected to
the interposer assenbly as known in the art). Wile the present invention
has been disclosed in terms of certain illustrated enbodinents, those of
ordinary skill in the art will recognize and appreciate that the 5
invention is not so limted. Additions, deletions and nodifications to the
di scl osed enbodi nents nay be effected w thout departing fromthe scope of
the invention as clainmed herein. Simlarly, features fron1one0@98@@8ﬁent
may be conbined with those of another whidte remaining within the scope of
the invention. 10 -14 CLAI M5 06/09/2004 What is clained is: 1. A

semni conduct or devi ce assenbly conprisi nfLAIMSarri er substrate having a

surface; 5 a {irst interposer substrate having a first surface and a second
surface and a{{ﬂm APESS openi ng ext endi ng t her ebet ween, sai d second
surface of said fifst iAlLmMRIBBIctoSUR"RinbIYPShpRdihal |y facing said

surface of said carrier substrate, and said first" interposer substrate and
sai d carrier scbhstrsubstrifehagngheurtfadecal |y connected by a set of conductive

el enment s tendi ng transversely therebetween; a second 10Q interposer

SUbStr at e havh HE PR SGrnhie ViR HLBEBRUoLLS FR0BT Sitposend eSO
openi ng extendi ng {OeEENSkMRED theRblwkbd, $hidSHESRAGRHAEe @fes‘agi G poser,

i nterposer substrate substantially facing said first surface of sald first

i nt er poser subst r asubstrats aulshtdntinBy faamg setontice of midbasaer mbitstie, ané saibdirstg

electrically connected by _another set of cqnductive el epents extendi ng
transversely there’&léetrﬂ%sgﬁ,s“béﬁﬁfefgdé’?glc%fs Haleoewg eﬁchl(al aca%nqc@agv %ne

second di e, each hayioPgoic@id di¥Reity ELRhfing Bahers tth&@béweéreg%e&indsai d at
| east one first die attached to said secon%l surfacé of sald i rst

i nt er posel0 subst r ainterpaser suhairate aving adirstonefacen axgooikbsuefate ambhat least one

electrically opening extending therebetween, said first surface of said second interposer

substrate substantially facing said first surface of said first interposer substrate,

said first and second interposer substrates being electrically connected by

another set of conductive elements extending transversely therebetween; and

15  at least one first die and at least one second die, each having an active surface, said
active surface of said at least one first die attached to said second surface of said
first interposer substrate over said at least one opening thereof and electrically
connected to said first surface thereof through said at least one opening thereof,
said active surface of said at least one second die attached to said second surface

20 of said second substrate over said at least one opening thereof and electrically

connected to said first surface thereof through said at least one opening thereof.

2. The assembly according to claim 2, wherein said active surface of said at
least one first die is electrically connected to said first surface of said first interposer
25  substrate with wire bonds and said active surface of said at least one second die is

electrically connected to said first surface of said second interposer substrate with wire

bonds.

3. The assembly according to claim 2, further including a dielectric
30  material disposed between said first and second interposer substrates and substantially

encapsulating said wire bonds and said set of conductive elements.



connected to said first surface thereof through said at |east one opening
thereof, said active surface of said at | east one second die attached to
sai d second surface 20 of said second substrate over said at |east one
opening thereof and electrically connected to said first surface thereof
through said at | east one opening thereof. 2. The assenbly according to
claim2, wherein said active surface of said at |east one first die is

el ectrically connected to said first surface of said first int@6{00880425
substrate with wire bonds and said activgssurface of said at |east one
second die is electrically connected to said first surface of said second
i nterposer substrate with wire bonds. 3. The assenbly according to claim
2, further including a dielectric 30 material di sposed between said first
and second interpoker slhsasembly ageefdingtie chumi2awhgreiremtrapyetsadistagceai d wire
bonds and said set of.gonductive,elenents., 06/09/ 2004 -15 4. The.assenbly
nccording to taren id GRERUF IRl FGEVR Sibfrer Bt Pttt AP P And
second interppsgheigbstrates is at least greater than a wire bond | oop
height. 5 5. The assenbly according to claim2, wherein a transverse

di stance Yetween said first and second interposer substrates is between

one wire bond | oop. height and two w.re bond l.oop heights. 10 .6. The
assenbl y accordi ng’t o c?g? ?ﬁS?PbMngwgéofggﬁgvg&gﬁ“ﬁg POYEiSe NGB en sai d
first and secpifeiddafd RRS8Ad SBR [drBSsel Sultrate® &tk ¥inChelWigd b&ifd 18opM T €
bond 1oop height. 7. The assenbly according to claim1, further including
a di el ectric lidghtand twalwidi twpddeap Iégiveen said first and second interposer
substrates and substantially encapsulating said set of conductive

el ements. 8. The assenbly of claim 1, wherein said at | east one opening of

said firsfg interpgser $HOSdERDE RBOHRRItH cBim!2CaBbrefS RS BisBisedncs ai d
second interposer substrate are” 20 at least partially mutually laterally

of f set. between said first and second interposer substrates is at least twice that of a wire bond
loop height.
7. The assembly according to claim 1, further including a dielectric

15  material disposed between said first and second interposer substrates and substantially

encapsulating said set of conductive elements.

8. The assembly of claim 1, wherein said at least one opening of said first
interposer substrate and said at least one opening of said second interposer substrate are

20  at least partially mutually laterally offset.

9. The assembly of claim 1, wherein said at least one opening of said first
interposer substrate and said at least one opening of said second interposer substrate are
fully mutually laterally offset.

25

10.  The assembly of claim 9, wherein said at least one first die and said at

least one second die are respectively electrically connected to first surfaces of said first

and second interposer substrates with wire bonds.



9. The assenbly of claiml1l, wherein said at | east one opening of said first
i nterposer substrate and said at | east one opening of said second

i nterposer substrate are fully nmutually laterally offset. 25 10. The
assenbly of claim9, wherein said at |least one first die and said at |east
one second die are respectively electrically connected to first surfaces of
said first and second interposer substrates with wire bonds. -16

06/ 09/ 2004 11. An interposer assenbly configured for el ectricaP6/@8RA64ti on
to a carrier substrate, the assenbly cofiprising: a first interposer
substrate having a first surface, a second opposing surface and at | east
one openi ng t her et hr.ougAn iftepose assethblynt @rfipnse fos eleatricatoeniationgo a first
surface, a second opposing surfa& e and at | east one opening therethrough,
said first suf¥ETsY %traé%l.ﬂ&afswg'?ylcwgrlﬂager substrate substantially facing

said first s t Osild" gﬁ@la [
second inter B%fg%?ﬁﬁ&ggt&?g%esgg gﬁglgge fg%fér?]?%g? la;chonn@i)Sagg y a ct:ah ur aﬁgt y
of conductive el enaicpeninigahaethepughansver sel y t her ebet ween; and 10 at | east

one first die and at | east qne second die, each having an actiye surface,
said actiVe 3HCPAEHIIGPOSHPshplehayg acﬁffét%“if <% a&P@nétqpaeﬁwSlfr@%ap@atsecond
surface of said f t openi ng
t hereof and el ect rtlet‘gzsglltoflé %&{u?%ﬁl%fet%k’?@ éggi?gﬁr%l rst éeg(%ﬁg]? gic%]sﬁ%&}%&?le t hr ough
said at |east one subeumteguﬁstvemeby facinpasaill st Surdacs of dait eecohd Amdrfosgt | east
one second die attached to, said second surface 15 of said second substrate

over said at |east Sl@ﬁ‘éatﬁapgékﬁ fagt ans’eﬁee‘aﬁd inkeapQseibsiratey beng elgefHedlyescpnpestedyi ¢
first surface ther &?&1 SPC @eteléaﬁ‘aﬁé d&&?mf?@[g%&&sag%&%aw%%@%f' na

second surface of sal d seco I nt erposer su
carries arot hatrlegst unieaﬁnst &w@ﬁd aolleahmhe verofd diveeadch havinigaatactige surfans \seidsel y

therefrom and arranged for effecting an el ectrical connection between sal d

20 second surface ¥fivesudacsof sl agleast ome fust digreftacheditosaidoseqond ustageefyaid
substrates to a CAfst 1n%rp(§§ép SUHsBhE over said at least one opening thereof and electrically

connected to said first surface thereof through said at least one opening thereof,

said active surface of said at least one second die attached to said second surface
15 of said second substrate over said at least one opening thereof and electrically
connected to said first surface thereof through said at least one opening thereof;
wherein a second surface of one of said first and said second interposer substrates
carries another plurality of conductive elements projecting transversely
therefrom and arranged for effecting an electrical connection between said
20 second surface of said one of said first and said second interposer substrates to a

carrier substrate.

12.  The assembly according to claim 11, wherein said active surface of said
at least one first die is electrically connected to said first surface of said first interposer

25  substrate with wire bonds and said active surface of said at least one second die is
electrically connected to said first surface of said second interposer substrate with wire

bonds.

13.  The assembly according to claim 12, further including a dielectric
30 material disposed between said first and second interposer substrates and substantially

encapsulating said wire bonds and said plurality of conductive elements.



12. The assenbly according to claim 11, wherein said active surface of said
at least one first die is electrically connected to said first surface of
said first interposer 25 substrate with wire bonds and said active surface
of said at |east one second die is electrically connected to said first
surface of said second interposer substrate with wire bonds. 13. The
assenbly according to claim 12, further including a dielectric 30 materi al
di sposed between said first and second interposer substrates afd09/2004
substantially encapsulating said wire bands and said plurality of
conductive el ements. 06/09/2004 -17 14. The assenbly according to claim 12,
wherein a transverse di stance between said first and second interposer
substrates is at least greater than a wire bond |oop height. 5 15. The
assenbly accordi ngl4.0 c%@ﬁ gpsamblywieqrding ta claim 2y whereingi tsangvieree disienogeen sai d

hei gt -and ¢ i MPPLBURR Fisb el rEoses g e JESAtbrSr BRRa oot

claim 12, Whellbg%,ﬁe@h{ ransverse di stance between said first and second
i nt erposer substrates is at least twice that of a wire bond |oop height.
17. The assenbly accordlng to claim1l, further including a dielectric 15

mat eri al di sposed said first .an t er poser ates and
substantially enc suI ‘EQ‘T #5© B]iy(fcﬁqrd?’ﬁqf’?f? ggcgﬁga&a[t\;@sg?réﬁéﬁ{agce 18. The
assenbly of cChaivBenlshid BREARI cdfd ﬁ'lte’%boée?ﬁ%tr@t@§1s%ﬁﬂééﬁ%r@fm§@bc91dflbél§t

i nterposer substrate and said at |east one opening of said second

i nt er poser sulpsghtand tep avireA@nddodpedghtpartial |y nutual ly laterally of fset.
19. The assenbly of claim 11, wherein said at | east one opening of said
first interposer substrate and said at |east one opening of said second

i nterposefy substraje arghe §3dbhmylyRebotdingto LRIRM2! Wierefnf S@4nsvéBe distance

between said first and second interposer substrates is at least twice that of a wire bond

loop height.

17.  The assembly according to claim 11, further including a dielectric
15  material disposed between said first and second interposer substrates and substantially

encapsulating said plurality of conductive elements.

18.  The assembly of claim 11, wherein said at least one opening of said first
interposer substrate and said at least one opening of said second interposer substrate are

20  at least partially mutually laterally offset.

19.  The assembly of claim 11, wherein said at least one opening of said first
interposer substrate and said at least one opening of said second interposer substrate are
fully mutually laterally offset.

25

20.  The assembly of claim 19, wherein said at least one first die and said at

least one second die are respectively electrically connected to first surfaces of said first

and second interposer substrates with wire bonds.



20. The assenbly of claim 19, wherein said at |east one first die and said
at | east one second die are respectively electrically connected to first
surfaces of said first and second interposer substrates with wire bonds.
-18 06/09/2004 21. A semi conductor device assenbly, conprising: a first

i nt erposer substrate having at | east one sem conductor die secured thereto
on one side thereof and a plurality of termnals in electrical

communi cation with the at |east one seniconductor die on an oPp82i2084si de
thereof; 5 a second interposer substratel8aving at | east one seniconductor
di e secured thereto on one side thereof and a plurality of termnals in
el ectrical comuniZlati oA sainidondudier detvidesasmbipeospmisingnduct or di e on an
opposite side {.hereof; thet?fir t and Eeﬁcond interﬁoser .substrahes bei ng

di sposed in rfThMIPRSEF Syhstpte haxingat [Fastang ssmipoptiucion dig syauprd BeratoQnee

through a first plyaitelebr Ahd & BREURY bP RrmitdlsGh 8IBRIcAI &MARRSLADAWRNHEGE Sel y

between the termnals of the first 1nterposer substrate and the termnals
of the second i nt elepdoee sanicsndmta disvvreareoppostiesifle theteofand second
i nt erposer_ substrates are or.ient Ei}d Wi th no sem condyctor..dice Iﬁcat ed

t her ebet ween; @ $HTANG TLFRBTGE SRR NV PeSf leagh g cemiraneyalfelie secuiaddhriogm
transversely from gneigemefeoPhRl @%1%@ b¥erhintf lin BRERACAIUALAOARE

substrates for connecting the ass carrier substrate.
assenbly of cl ai m & at lshstroae sermmohdwfortdieoman bpasite side thesenf] conduct or di e
secured to each of the first and second i nferposer .substrft es%lﬁ 20 | ocated

with an acti vedERae eqoRduEPOs SPPRyrags e o8tk myehpeEdilsubst rat e
and extending oveffonRE HidGIdhRtaAl BoaERd 1Ml HEHIBlurditg LY hictive

el ongat ed conductive elehents extending fromt active s ace of each of
the at | edst one semmemsdxiehding diansvetdelychepwednitbe tapmimatgpfithe filse imarposer at ed

i nterposer substrate to an,qpposi,ng side of the assocjated interposer
substrate. 25 23. Svarag @gﬁir&e;eramn%ﬁ af ﬂaefseor\%%tﬁmert% St@‘%u’fﬂ’&f“é‘aﬁle first

conductive el ement g,4 second interposer substrates are oriented with no semiconductor dice
located therebetween; and
a second plurality of conductive elements extending transversely from a side of one of
15 the first and second interposer substrates for connecting the assembly to a

carrier substrate.

22.  The assembly of claim 21, wherein each of the at least one
semiconductor die secured to each of the first and second interposer substrates is
20  located with an active surface thereof facing its associated interposer substrate and
extending over an opening therethrough, and further including elongated conductive
elements extending from the active surface of each of the at least one semiconductor die
through the opening in the associated interposer substrate to an opposing side of the
associated interposer substrate.
25
23.  The assembly of claim 22, wherein the elongated conductive elements

comprise wire bonds.

24.  The assembly of claim 23, further including a dielectric material
30  disposed between the first and second interposer substrates and substantially

encapsulating the wire bonds and the first plurality of conductive elements.



conprise wire bonds. 24. The assenbly of claim23, further including a
dielectric material 30 disposed between the first and second i nterposer
substrates and substantially encapsulating the wire bonds and the first
plurality of conductive el enents. 06/09/2004 -19 25. The assenbly of claim
22, wherein the elongated conductive el enents conprise wire bonds, and at

| east one opening through the one of the first and second i nterposer
substrates is at least partially laterally offset from at | eas06/08200peni ng
t hrough another of the first and second ijgterposer substrates. 5 26. The
assenbly of claim 25, wherein each of the first and second i nterposer

substrates includess a ITﬂf@aéaaﬁpgrof@fauﬁ@@nw%dﬂﬁee%gatewe&@efiv@aeﬁeﬁ@em ng
through the one of the first and second i nterposer substrates is at |east

partial |y | atemairisg witef iands, dnd atreastyone ppeiing throughhibe ondref theffirstiad séqosd and

second i nterposer su rates 2 25, wherein each
of “the f1r et BirpestoRatarpa fosarrulBd PRt ot et Raton artiifber of
openi ngs therﬁ}&fgﬁ%&heﬁyftﬁ@%tq&@gecegd ift&esg Bugtegne of the first and
second i nterposer substrates 1s fully laterally offset from any opening in

the other Sof the first and second interposer substrates. 15 28. The

nbl f clai , furth | ect |1
connect ud o the sitie ofhs feehl Brelamasy heemsmh oLt e (iermuder O
substrates t li’l'fé?%&b@r LiRirReS lehdaRs h'[lﬁ‘l: hiMb& of S ?%Hg ih¥R (b eSS ack Bpedin g The

assenbly of clal further including a dielectfic material dispose
bet ween t he sﬁhckmghfthd: biee afithe Gfst amésefcond; interpdses suhstrdtes mattrlq:assmldbﬂater&lbfes

glngr af Ih ? ycg][ r(‘éfgﬁ:a ?}8%5%)&%%2{113%{ bostl%ﬁ%r(])%iéh%l fIh)s/t a?n%cs%gosn%ll 1%%elr1§]o er su st?z;etgsond
10
27.  The assembly of claim 25, wherein each of the first and second
interposer substrates includes a like number of openings therethrough and each opening
through the one of the first and second interposer substrates is fully laterally offset from
any opening in the other of the first and second interposer substrates.
15
28.  The assembly of claim 21, further comprising a carrier substrate

electrically connected to the side of the one of the first and second interposer substrates

through the second plurality of conductive elements.
20 29.  The assembly of claim 28, further including a dielectric material
disposed between the side of the one of the first and second interposer substrates and

the carrier substrate and substantially encapsulating the second plurality of conductive

elements.

25

30



