1 20 March 2006 METHOD FOR PACKAGE REDUCTION IN STACKED CHIP AND BOARD
ASSEMBLIES BACKGROUND OF THE INVENTION 5 [0001] Field of the Invention: The present
invention relates to a method and apparatus for increasing integrated circuit density. In particular, the
present invention relates to a method and apparatus for semiconductor package volume and height
reduction with enhanced reliability and simplification of the fabrication process fay) 8igeked006
semiconductor dice. 10 [0002] State of the Art: Chip-@n-Board ("COB") or Board-On-Chip ("BOC")
technology is used to attach a semiconductor die to a carrier substrate such as a rinted circuit board
("PCB") and may be eNEEHQRIORPA(INEI RERUGIIONINNTALKER CHBmated bonding
("TAB"). [0003] Flip-chip attachment geA&NDIBOARDBA $8 EMBIidHS/ and mechanlcally 15 attaching a
semiconductor die by its active surface to a carrier substrate using a pattern of discrete conductive
elements therebetween. The conductive elements are ly disposed on the active surface of the
die during fabrication, but may instes RAESEA YrkRdd #@%me The discrete conductive
elements pay comql)eelmlnmeldcgnﬂuqﬂvenlaumpﬂqdopdésm oolenmivs efluaaus anfigditaidons. Each
conductive element 20 is placed corresponding to superimposed, mutually aligned locations of bond

pads (or othéPIi%ﬁB%S?Fowgfe&ﬁl?ﬁé@%%%%%‘ﬂ&d&i@%d%Pﬁf%%ﬂ%ﬁ%@%&?ﬂ@%%‘é%te The
semiconductes]gigs i thug@leg kirpiyrardun eshanicalbocenneatad o 1brisR R Reigsirate by, for

example, reflowing conductive bumps of solder or curing conductive or conductor-filled epoxy bumps.
A dielectric uFfSBiIPhEY R He iRty BkEmMEicas LG TRk CaHMS RGBSR for
environmentatpiatectinnc-andtaghance the mechanical attachment of the die to the carrier
substrate. [0004] Wire bonding and TAB attachment techniques generally begin with attaching a

semicondlctor die HY¥2backiaiRialtBendrs (e Ut Barie CSeB st oftd-On-abinro g2 e adhesive,
such as an e%ﬁ(ﬂf}éﬂ‘@ﬁ%ﬂqg At Y ALY FlRBWITES 8 a carrier substrate such as a printed

circuit board (“PCB”) and may be effected using flip-chip attachment, wire bonding, and

tape automated bonding (“TAB”).
[0003] Flip-chip attachment generally consists of electrically and mechanically
15 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
conductive bumps, balls or columns of various configurations. Each conductive element
20 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 conductive or
conductor-filled epoxy bumps. A dielectric underfill may then be disposed between the
25 die and the carrier substrate for environmental protection and to enhance the mechanical
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

30 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 generally

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



30 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 generally attached through
one of three conventional wire bonding techniques: ultrasonic bonding, 20 March 2006 2 using a
combination of pressure and ultrasonic vibration bursts to form a metallurgical cold weld;
thermocompression bonding, using a combination of pressure and elevated tempeyatiiie 10derm a
weld; and thermosonic bonding, using a combinationpf pressure, elevated temperature, and
ultrasonic vibration bursts. A dielectric encapsulant such as a 5 silicone or epoxy may then be applied
to protect theUiHe wired bindtiseref sitessuis IuBUtaseRioF eGP TS T e e BAHEIEEH g tape

such as a POl Al RIARLEA SR L0 IRnE RAdSAN eatemiSanA e gt die-endsaagpanding

terminal pads on the carrier substrate. [0005] Higher performance, lower cost, increased

miniaturizatidﬁr@pqz@t@m&r@mswahh @é&h@ﬂp_@%b«é@ ib@dmswiag iﬁ@gﬂéié@i@‘@c?ﬁ@%ﬂ@@ngoing
goals of the ‘e‘f%%‘?éﬁ%ﬁﬂ?séé‘?&ﬁ}‘e AR DEKEASHR IHRRS 15%&%&@5@‘Eiifié%%%@&ﬁ%ﬁa%‘i%ﬁ@he%s?d’ the

number of components d to tfabricate them tends to decrease due to advances in technology even
though thé fusibitionalityepd tyerprotheotbdrppask®. proteekdrmpins vnrdsand eradjsiteheta TSAB,
approximately a 1 rpercent decre in ampan nts_ for ev N roégi El? neratign 1%he previous
generation hel g L e s B e e
component rédudtipds sufecemoonduechidogyl kascpmuhsg &tedisan pckeasehincsensiconductor chip
density on a si gle substrate or board, resulting from more compact designs and form factors and a

L . substrate, . . . . . . . .
significant increase 11 integrated circuit density. However, greater integrated circuit 20 density is
becoming significanfpb&]itedliphéhpcspaoence rkal @staie"i avatsdalenfior theizanonndihg of

semiconquctor dice on a carrier substrate..[0007] One.method qf increasing integrated circuit density
o Stmok R STy ) o Mo S T o 0 S 4 Vot KB SO o e
Farnworth, teagheseanabining aspaivaldisativaustestairnaposig pdsal arlleadefiamandn upper, 25

smaller die is back-bonded to the upper surfaces of the leads of the lead frame via a first
number of components used to fabricate them tends to decrease due to advances 1n
technology even though the functionality of the products increases. For example, on the
average, there is approximately a 10 percent decrease in components for every product
15 generation over the previous generation having equivalent functionality.

[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 their 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



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 their
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@papgdingygndow in
the lead frame such that 20 March 2006 3 wire conngctions can be made to the lead extensions. This
arrangement has a major disadvantage from a production standpoint, due to the requirement for
different-sizetIgicenacsHME\GHxPE AR [BadoRasdedsMur B EANIE8eM B amajor

difiult to-exaRif g RORARIaNeach SARRTY R RRIROL AN AR iR Mflghd, 1994 to

Ball, teaches a multiple stacked die device containing up to four stacked dice supported on a
die-attach padigie dfomrsabpfrepnw]endcaddersiy pifiporadaly et eseaewiry didipaigte-ofapiea-current

single die pa‘glﬁ%gj%%w whersin the bond pads of each die are wire bonded to lead fingers. The
relatively low profile of t epdevice'is achieved by close-tolerance stacking which is made 10 possible

by a low-16op-profild W#8]loohdinddpetratitsh Aad, dispabMancbfladAB4ileBalletsadhetwennlthdestacked

dice. However alil]r ires relatively long band wires to .electrically connect the stacked dice to the
e rame. TR B R o BT e
sweep duringéexchfysolatibn.asiésoh B alinegtiddy theaseedigpaedisi fatnhativaméoe sitglf0dE] U.S.

Patent 5,323,060, lssus, Juhe. 21,1904 {p Fogal etalieaches.a, multiehinmpgule thaj gontains
stacked die devices, the terminals or bond'pads of which ‘are wire bonded {0 a substrate or to
adjacent die agvwibedy howavéilcas disclessad withidal, fyagadd-eouires dong-bimdavichs donatkctrically

connect the stac ]d ie bond pads tof. he su Stﬂ te. Fo ralialso requires the use of spacers betwegn
the cioe. 3o [0TOTES ‘Hatb a2 138 s SAEh 58 1 LR LB (At o Seisked dice
having bond péresaxtiensingdo éreh Hihes\anoBathe leadsOhavenr el mabearsuch as a lead frame.
However, Talé{ggtglgﬁlg %(S)I}HSCP tr}(l)ebls%gc]kgiilgi%% E)Otrﬁg Yf\:lél?de%r'ame. These long bond wires increase
resistance and may facilitate shorting due to bond wire sweep during encapsulation.
Also, Ball requires the use of spacers between the dice.
15 [0009] 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 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.



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 underfillingJii& ficst figeghip
mounted die 30 and encapsulating the second die copnected with bond wires. 20 March 2006 4
[0012] U.S. Patent 6,051,878, issued April 18, 2000 to Akram et al. ("Akram"), teaches multiple
stacked substrates HARd dideSnitnteitet dhdrets. usinedndmmsiife g kape Biglehipdgernigues,

where some glige,a( ?nﬁlﬁﬂ[@%@a&&&’@@&%&é%ﬁﬁgt&%@ﬁﬁéd 1803} FORLaiore whwauldibe

advantageous to develop a fairly straightforward 5technique and resulting semiconductor device
assembly fordnérdiapsimdpitrelrirecs cirbeie WensidicohuemicalizdRitkeposaiaisdrdattordieevy reducing
the number of proc p fabricat ly.i inati | i mbly
height and employ%%ﬁ(féin rilgtlr%c%%%)?éé\%l ab@%ﬁﬁiﬁ%ggﬁg%n@ﬁ%%ﬁéﬁg ﬁ%%%@%kﬁ?fgﬂon
technique§. ITocBRIEF SIdMMARY ©RITHEUNUENTIO Msfoohy Torepresengimiegiionl @tates to a
method and appagatys ot insreasing fniedrale direu. densibi by reducing packge, heioht and
reducing the number of process steps Yor a%rlcatlng a semiconductor die assem y.ql:‘%e present
invention inclfeotefgbai A1 npedinoak ssmobdppacatuisi fiati oadultitg ¢decheightohbl phazlityaofivertically stacked
interposer substrf(tes, each intergﬁzser ) tﬁtratedh ving gt I%ast one emiccﬁwduct?rbdie tmounted
thereon. The PreseftmvERticn tirthér thétiges stacking mterpaser Substrates  Raving dicE mounted
thereto, eachtelirnliqing electrically connected to conductive traces of its associated interposer
substrate py wire bonding. 20 [0015] The present invention includes at least two oppositely facing
interpos

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention 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 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



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 subsirgigsRsogutually
electrically connected on their terminal sides by a pluyality of conductive elements which extends
transversely therebetween and electrically connects terminals of a second set on each interposer

substrate and IRt EXsEREHAN NS TRt i hal Buereeisa sehveaiplca slestrtig ortarding
associated 3Q,terinals; LIRS MORRIRRR HE SAME UsRIRe" A RSIABI APy Dingkset on a die

side of one of the interposer substrates carries a like second plurality of conductive 20 March 2006 5
elements extéitigierridve essgnipasiat dyidte ipveeii®ubstrate for electrically connecting the stacked

interposer substrategig C‘?‘H&%Fl%f%%l)%e%dﬂnB‘ééﬁﬂéﬁlyoﬂ%é;gl‘égeﬁ‘t ?ﬁ&%ﬁﬁoﬁ??&%ﬁ%@dﬁ!so

encompassed by the invention. [0016] According to one embodiment of the present invention, an
exposed 3 parisivnbflibeastive surfaceddfaaidessirorenamicontiuctor diechtdioheu gandsterposer

substrate S“bsfﬁ%ﬁ;‘r%ﬁé'%u‘?i£?a%%f§°cﬁ%e%{fd%Ec%‘sJbﬁ&%@“sa%%‘%éﬁ%ﬁ@%@fyd%ﬁ’ .20, GRased, poftion of
the active surface of at least another semiconductor die attac to anothet, superimposed interposer
substrate, thedeight6fltheqgap hefweert thddwoamdrposeni suldsiratedideinglatdeashonice the height

of the wire bond loops. In another embodiment 10 of the. present inventi n exposed portion of the
ctive surtass B e e B IR B O ARl iy
directly facesshbitiatas Heimst paetisd ywiatetiad yicofised froamadre éxpddedpromioaoftidre: ativdenseriface of at

least anﬁfer, 0, egosingglﬁ.oriented semicondijctor.die ? ached to ar%%herfintller oser substrate, the
height of e%faiﬁ REERH I ENHES SOSBIPQIBS RN P AT IR ER MG &f 164 Ve 15 wire bond
loop height byérgssriasnoivde ttatleanothenemhndinemintdramiesentyioientipfacn Bxdesed portion
of the active surface of at Jeast one semiconductor die attached to an interposer substrate

substantially I&ﬁgﬁmﬁggaﬁﬂé%@éﬁ BBFH(?III‘ 8¥E’Héed portion of the active surface of at least

another, opposingly oriented semiconductor die attached to another interposer substrate,
the height of the gap between the interposer substrates in this instance being at least one

15 wire bond loop height but less than two. 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 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.



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 electrigglhgeaneeing the
opposing die and substrates and the discrete condugjive elements connecting the terminals of the 25
second sets on the two |nteroser substrates Further a flowable drelectrlc materral may be
introduced betweerPae : ahho :L1at: e B BAyN 2hstrate to
substantially encapiltjlﬁt th@fﬁ@ﬁ?&ﬂo‘&' lﬁ“% r&&t@%%Hé’\%/ék%ﬁt‘tﬁ%&@%‘i%&%@e@uﬁﬁ'EF
DESCRIPTION OF EVERAL VIEWS THE DRAWINGS [0017] The method and apparatus of
the present invdatispodifi oa hodsthilkd derdeipiion@fribmitvendiomitdr o édeipticvanssignertion when
taken in CO”MQ;CH% (gg ‘t}l;l{em%rﬁwlngs wherein: 5 [0018] FIGs. 1(a) - 1(d) are simplified
cross-sectional views irst_ embodiment, illustrating a method of vertically stacking, electrically
connecting and fillid@0tHy gdﬁiﬁb)el(/ﬂéeﬂ(dl)emtwlmﬂyhfmomdsmtmmisecw&bstaét& each having a
semrconductor %re attachel tsrttr%rerto arrrlnaE odrdf ce.wi the esent |pve tion nL}O%Q FI% 2isa
simplified Cross- secfnonal View Of &vanation of the s yfba Ibgéarmen? KJS? ating i Ically stacked
interposer suthr@else@pmgemwkttpMedtceahjtaohmebtaieadnpmgpmlsﬁraseﬂ)streitejammg;aordance with
the present invention 002 tC?‘ }31 |§%S|m |lfled ] cross- sectlt%nt | view o{ a second embodiment,
illustrating ver%ca‘ffy)/ SQHELRE m%e?ﬁofser KBS ates avrflrltlﬁea eas ep%tret ﬂylfé\teralffy 'offset dice attached
thereto, in accordan@®19ith tAEGpERBentimnpanitdiresndsd&ifoRR 1dwGr 4 varmaditnplified firass-sectional
view of a \éarrat n of the sTcond embodrment |Il§ustrat verticall sta ked interposer ubstrates

having stBstaMPmSaheHHTALEE YrEhaly SHSEH SISP P S SBaVing (e BRie dKCinvention.
DETAILED Di@hRdiRd Kadh ke fed NObsMIdQN accordance with the present invention;

[0020] FIG. 3 is a simplified cross-sectional view of a second embodiment,

illustrating vertically stacked interposer substrates having at least partially laterally offset
dice attached thereto, in accordance with the present invention; and

15 [0021] 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.

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



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 sameseig e
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 120M3E8FAGCA figeseliheolaaase seshice o HR-laavente) Tho fustdatapatssslsbiifts active
surface 132 tpprpvidad firat@saamily 2L T he b0 pLaIRosaiaUP s R0 43 Bbsirate that

may comprise a flexible material, such as a polymer tape or resin, or a rigid material, such as silicon,
ceramic, glaskGehileoiaucedr 3toMbetdtzons7 material or a glass fiber laminate such as an FR-4

laminate. The first inigippsensypsirate NEYHGH AR SRR A9 e AN0 3R Bk RRRYSING
surface 124 havingrgn O@anﬁg 126%1 t?]]dg%s)r\r/n of a s%t t?]grethrough. [%O?Aef] A%ieﬂ%@ic adhesive or a
double-sidedtadimsiientaptherraydye profacetl$ s puohigr gktithsocohidsoptateg b sdtisunding a
periphery of the opening 1 f the, first interposer 120, or, alternatively, the adhesive may he
brovidec o s Ao e T e A IR ed e LREEENE 1 e
130 is directiyhastachddidibe BdhefSive forntthecspoenduhstface] 204 Birthdiéirsintatposdy substrate

120, so that an acti rface 132 of Iﬁe first dje 130 is e nd accessible from the first 10
surtace 105 T S AT G e e S S e SR R M e
interconnectidmtetwetve borfdcpdd? of the first dike 1380 safade igymidalscedsibé: firshinter fioser substrate

120 on g s 132 oy e SUGEcH o s B e Bonds 14 e fomed 0 oxend
corresponding termip@zson thrdiraial medaaedizeh dkthe dir Soinieranser wuhEvaie: 120.40026] FIG.
1(b) depicts %e?gqgellilfsieodf ﬁlrg %i?;?ierﬁgggoig\r/iseuvl\)/s?rfa%%tgg l(<)1e1df1|rr;£ surface 122 may be effected by wire
bonding. Wire bonds 140 are formed to extend between bond pads on the active surface
132 of the first die 130 through opening 126 and corresponding terminals on the first

15 surface 122 of the first interposer substrate 120.

[0026] 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 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



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"»3d 393 Ravi0oqn active
surface 132" which is attached to the second surfacegl24' of the second interposer substrate 120'.
The second assembly 110" also includes wire bonds 140" electrically connecting terminals of the 25

second interpo8ereiivstratengtendlisdfirpaasibsddebiveaiplang. 1eido7ng gifstirg the first and
second assepieR dl:AnR 440 3098 &i S RAERPALRHehBE HRRIIG NG SELRIhATREEBPYH10" SO

that the first surface 122’ of the second interposer substrate 120' directly opposes or faces the first
surface 122 epthedirsiminetposansewiuirsgeondostnarfapse sUradd22 33 saudugtiviness also facing

each other. "80%‘2115@81’-?&1}8%3»39?3 i§%%9£19ﬁ:§3?£@@% R m%@&i%oﬁgﬁ?&QQ$@% io.the first

assembly 110 by a plurality of discrete conductive elements 150 formed of a lead/tin solder or 20
March 2006 8utshdlietivernsiucone alstoefiiseld @ pangybéf soiderdd esrildyduinpfiavilagsdiscrete
conductive eler7[1%r11111 120 at ‘ﬁ' lﬁl emperature [ in%gﬁp e nat rial thergqf will connect
terminals of & %élcon%d %%egteoﬁ?ﬂgstbs%hr%éerga%%éaaﬂdrg%% %Tsc%n tf)é/t%\geoorgcor%égfoﬁ ifled epoxy is
employed, thenglistabtéocohnel octidec elenatms S0 50 ayayele ain Guclgrduiit Trvencohduttdv® elements 150
may be structured as.balls, bumps, pillars or, columns,.depending upon the material or materials
employed t0 T e o I 8 LRt e B e A3 e bt are
not limited tojncindpercsildectoregnldpasowdicésatiayshthveng eincl encarduciivetele agats 150 may

Atormatn Gy A G R RS A TUS odry Mo A BERLCH 1 L BT 2 may be
employed in lighesfvaisoratenagnd ety pieimais. dOdRSTheatacked snarpaser assembly 105 with a
plurality of discrete conductive elements 150 between the first surfaces 122 and 122" of the first and
second [0028] The stacked interposer assembly 105 with a plurality of discrete
conductive elements 150 between the first surfaces 122 and 122" of the first and second
assemblies 120 and 120' provides a gap 160 therebetween having a height H; which is
15 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 H,. The
wire bond loop height H; 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.



assemblies 120 and 120' provides a gap 160 therebetween having a height HI which is 15 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 H2. The wire bond loop height H2 is the distapggqiarexgigple, that
the wire bonds 140 or 140' 20 extend above the first gurface 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 HAMRAY HIdsudone dedHer Hhanabee Wied By rigsipplndifhardzhpisroandr, it is
preferred thal the, gap NeaRE HebgialicashiuGe £ uiie ROBH\R0Rs RERL 2 JoRiRY& i OPPOSINg,

substantially superimposed wire bonds 140 and 140" from making contact and 25 causing electrical
shorts. As a priéerautitsityl Aibamanirec alisnastbundh stip bt atvecovde Bupiorsseabindl 4mdnay have

previously appli Py VigeQRsit diglechric resipf aio) 6 interpgser assembly
105 is assem Iée%(ﬂ&'lqgigf| mglwi)ﬁbn‘lutu%ﬂ]iy&lgn\égﬁl%te f%ce ﬁ?&%ongé@f% a%%§ﬁoég%%%3‘li%§ntially
eliminate éle¢trickirEHortstiPmumbguotheriiseitadasbengbiential tosontdlichetoveentohd soppasing wire
bonds 140 and 140 of 30 the first and, second assembli 10 110", particularly if gap 160 is of
margnal he e e e R s A T e B 88 e smowr
in FIG. 1(c), andedhedirsomdsanmbbpdrbandfliécteton didsseabhal 1TD & chetectiipatindaonivected

together as previous| scribed, a dielectric filler material 170 may be disposed i ap,160
oetmoen the el QRN G L CoOp LR 1100 T BeASC e T e,
commonly refié@edrie: aseder i ¢ diltbe rfiliitatrh ol nld dieelioew itle poreathl e enflippohipnagsemblies,

serves to distribute .loads placed on the first and second emhlies nd 110' dye to thermal
ool SRR PALEB, PETRY DR e e e a1 A R SRR Bhdccae. it
may also faciifdie dransiesiohheabosnerird drom fihe firgtsabehgesondudies R0aad 1030thEhe
dielectric filler. material 170 also reduces, the ﬁotential for environmental 10 contamination between the

first and secdcFRERARRIdL Y B AP Sht Prabig s ymeric material, such as an epoxy or an

acrylic resin, and may contain inert filler material therein to reduce cost.
[0030] To promote filling the gap 160 efficiently and effectively, it is necessary
15 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
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



additional mechanical bond between the first and second assemblies 110 and 110". The filler material
170 may comprise a flowable polymeric material, such as an epoxy or an acrylic resin, and may
contain inert filler material therein to reduce cost. [0030] To promote filling the gap 160 efficiently and
effectively, it is necessary 15 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 apaisach2pglinary
skill in the art manipulating the viscosity and surfacejignsion 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. Shaeh thesehbdSHe dfinReS e aYair 1160 soyeAbied& Bistsrertet I rhredBESHecting,

alone or in combination WEAsRIESSHIZEE: ARSYARUHEASSIStPe RS G AR fiHingihe gap 160

may be accomplished by applying the filler material 170 from a dispenser nozzle 175, which may

comprise a_rieddieal e, digpansechszziy 178.misafilbtrelighp 200U dikisensingkiiefectaiddiller
material 170 ﬁ%ﬁﬂ@?&eﬁ@ﬁdﬁ ?oﬁqggd]féi%‘gf;i)é"gﬁ%ﬁgﬁg@ﬁﬁls IRGHIRD (RYCLAS IS EHgMaR 112 In

combination with an edge facing the rea acked interposer assembly 105. The dielectric

filler matefial 170 mE0¥dn Heldilowelmfredadyflowkdad filt the GalectBleasapstdsudnofatgpilary forces

between the first and second emblies, 210 a 10...,The stacked interposer a bl may be
ired cowrmar A o A e TR g
the one-sidedhihtwios Bihdiskehaispienddimnathdd) thEhdidiektrici fibecapaittatiminlmtewhlelV 6f an

appropriate viscosity, pu Erfnsa d removyes the air from the, gap 160. as the filler material 170 fills the
20 March 20080 S T A D LA e 1 oAS B A 154 FECRIor o a
syringe or arfyoaihk¢ eispensiegtappataitStirowdendinedaliti ohtie mapipditatibboat]thedeeleetxit filler

terial 170, jt b d by heat, ultraviolet light, oth iatign, th itab
(dependilhy R UBASHIC AR SRS SHISCHAE) 1 BTG B Lo HeBS ALBeE ST rlionaly,

as shown in FIG. 1(pdoa2gielagtriconncapsidation raiesiald hidliay bearowdribieadgresldd and 134°
of the respective active surfaces 132 and 132" of the first and second dice 130 and 130'. The dielectric
encapsul atiofit#kedriaferpeser assembly 105 attached to a carrier substrate 180 such as a PCB with a

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

15 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 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.

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 Hs 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



provides an additional sealant between each die and its associated interposer substrate from the
environment. Further, it provides an additional mechanical bond between each 10 die and its
associated interposer substrate to help distribute loading and thermal stress. [0032] As shown in FIG.
1(d), a stacked multi-die assembly 100 comprises the stacked interposer assembly 105 attached to a
carrier substrate 180 such as a PCB with a plurality of discrete conductive elemgmig&8R 2006
therebetween. The discrete conductive elements 182ymay contact terminals of a third set on either of
the second surfaces 124 15 and 124" of the first and second assemblies 110 and 110’ for mechanically

and electrical® o heigbting theatiem e rhbdbemn tseipmil toaprscciredh hveheapssest tREcasMTer
substrate 180 RiErele SORMMESY SAIEMENSHRZTIRAY Fe0RIBeaNMOPIHDSIMAlRIIAR Gld combinations

thereof previously mentioned with respect to discrete conductive elements 150 and may be of any

suitable configfseanidies20 foori) Kl pbraddstiraly ienFapsuladn ov dbetds griekeadnesifsoser assembly
105 is bondeg i, thé. Gag 'Sét%l%ﬁt{ﬁé%}ﬁ%ﬁ’dasé%n‘a%géiﬁﬂl’%seﬁ61 S 182,28 PRRYIuRlY set forth,

next, a dielectric underfill material 186 may optionally be applied to fill a gap 184 therebetween. As
prewouslﬁdlmgm wmeaypemstetm inigftHmg dre 28D beliwatnthihdiflesttasddiabipatatrbhhddsecond

assembly 110, 415,970 A4 A6 ATl 25 STRIRNG AT a6 Kavda g of ordinary

skill in the art. must tleast a eight to or greater than the thickness of
the first die 13(Dcurt$bmﬂ§d wdidel 860 (ddpangdirig upobavbichildieds dispesed between the lowermost

interposer substrat %car ier substrate 1 %1 L{i) 84 h refore, itis a nt that the
above-described st Oﬁg l P gg%s)eor?] 0o’ a\?lnlmen ko Pégm?ﬁll}r\{ﬁfrtll Ilellgsght HI due to

the absence ﬁflatchaedmtmnzIlale;adlﬁmg@nmmtﬂrﬁmermtmmslhz&aaﬂsﬂﬁﬁedmlﬁsoma substantial
oresent tertior oo b AR BRI of B thE T bana o IS FE6° T YA Har L second
assemblies M&m&ﬂfﬂrioam@bo@ddltm@bseemwﬁﬂéamm ahthedisaneievesnduativeigipments 150
e e e e N te Soembly 10012 S ety desaect cxaap 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
15 second interposer substrates 220 and 220'".
[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



5 provided in one process step of filling the gap 160 with the dielectric filler material 170. In sum, the
present invention provides a method and apparatus that provides increased circuit density while also
reducing the number of fabrication steps. [0035] A variation 200 of the first embodiment of the present
invention is illustrated in FIG. 2, depicting a simplified cross-sectional view of stacked interposer 10
assembly 205 having multiple first and second dice 230 and 230’ respectively attechgg-ip26@sh of first
and second interposer substrates 220 and 220'. Thisyyariation is similar to the stacked multi-die
assembly 100 in every respect except the first and second assemblies 210 and 210' include, but are

not limited to3ARLiItdEEmaE vl Secbiv didscosaddnyrpeseiatbetritsndéhaabied asavemsted openings
226 and 226'ip fhe sl 3156%%@%%@@%%%%@%%%3@&%%@%@b.[qp?éQJd%aﬁfecf?ﬂg

embodiment 300 of thepresent invention is illustrated in FIG. 3, depicting a partial simplified

cross-sectiorfép\ﬁi@ﬂ)@ @t&&éﬁ@ﬁﬁt@bﬁmfa@émges ih(_élvﬁﬂj theiltiphe filsaigsetohdtdice 330
and 330 res%?é:éh\éﬁgé%tﬁ%’ﬁfjsttgrﬁ%ﬁiﬁéﬂ{%@%ﬂgﬁﬁBﬂQﬁ}ﬂ,rﬁ?erE’Q&)‘?{dséfQﬁHﬁﬁ§n%%QC <3¢0". The

second embodiment Is similar to the 20 first embodiment except the openings 326 and 326' in the first
and secorfd asgembzitdsSniredrgishoighichetieeasthggeraphssr kllevtadiieoffsptompaningdurethgement

390'50 that th cl?%%’ﬁ%%%tggo? gg%@%gcllﬂttg}%n 'osing first and se_cond i_n_terposer substrates 32_0 and
320" are not directly alighed and facing each other in mutual superimposition. As a result, the wire

bonds 340, for exanif37in tAevusitasseftbly GtGadombtaivediydaics dhdicandal PEantabidhne wire

bonds 340" in,the second.assem 10'. Significantly, the staggered or laterall set.opening
configuration S0 TCARL LR LS GO o e T et BBt Sty 308, aighty
larger than theawirg inahipledipsheighiddhdidne dppasihg3butipteralyoitsetheaire fosdsmd40 and 340

cannot contact each other. As shown in FIG. 3, the first and second interposer substrates 320 and
390" iy B PR SO p o k350 HE S IBE B i Binguration 390
for attaching embtiplendiiisé-argtseaond digeS30 aphingQ dofiberftisharnd sagone iBpgusager substrates
320 and 20 March 200612, $785 ATl 18 St o so IS posel ShPaatep 320 and 320
may each  ©Pening p yalg
directly face each other. In particular, the opposing openings 426 and 426' are preferably
staggered so that, for example, one opening is directly aligned and facing at least a
15 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, (H,<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
20 number of process steps.
[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,
25 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
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

30 known in the art).



include only one opening in the staggered opening configuration 390. It is notable that the second
embodiment of the present invention includes the same advantages as that discussed in the first
embodiment and, additionally, the second embodiment includes a 5 minimized required gap height
between the interposer substrates to promote a reduced package height for a high circuit density.
[0037] A variation 400 of the second embodiment is illustrated in FIG. 4, which depgisa pasgal
simplified cross-sectional view of stacked interposer ggsembly 405 having multiple first and second

dice 430 and 430’ respectively attached to first and 10 second interposer substrates 420 and 420'.
This variation is siml3) th&Vduleothg nepseifdimeriexbapbernding atedielaims pésfitidonfiguration
490 includes aRo3RY. ARBHIRERAZR AN AR SKANG sReaRd ARSEIBIES 439 el Al partially
aligned to directly face each other. In particular, te opposing openings 426 and 426" are preferably
staggered sothabtheonesainp|es, tieopenied iddisicns. alrjpeenaaddaemdiigatsastta s portion of an
opposing opef] i IS:parti ' | | jght H1 of the gap
250 may be Lot T B b St et 2
(H2<H1<ZH2nwAstinthe grevielbeenbolimdatyy diedtuattefmanves thebediinens mwayl xpprediakeat that this
structure offersithhglgsaer%? aa}ld\{ﬁlgtg\%%se oénilgf:rﬁasvggﬂpnt%asuced cireyit ciirclavne%i% With a reo!uced package
height as well'as reducing the %0 number of process steps.o[%%g he 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 maybe omitted if desired,
25 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 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 30 known in the art). 20 March 2006




13 [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 that the invention is not so limited.
Additions, deletions and modifications to the disclosed embodiments may be effected without
departing from the scope of the 5 invention as claimed herein. Similarly, features from one
embodiment may be combined with those of another while remaining within the gcopg@fibee
invention. 14 CLAIMS What is claimed is: 20 March 2906 5 1. A method of fabricating a stacked
multi-die assembly, the method comprising: securinz at least one semiconductor die to one side of a
first interposer substrate; securing at least one se ctor die to one side of a second interposer
substrate; electrically connecting the first and second interposer substrates with a first plurality of 10
conductive elements extending transversely from the first interposer substrate to the second
interposer subdteate elatmgithsho semiconductor dice disposed between the first and second
interposer substrates; introducing a flowable dielectric material between the first and second interposer
substrates and substantially encapsulating the first plurality of conductive 15 elements; electrically
connecting one of the first Antietbedod iabeqadsgrasubdtrdtenitt-dicasiendybdiearethith a second
plurality of con%gallg{;’v elements extending transversely therebetween; and introducing a flowable
. . CO 1S1Ng. . . .
dielectric materiai between the one of the first and second 20 interposer substrates and the carrier
substrate andsubsianatikhytencapsulatinigte Getondeplidalifyadisonderpiser sldmsienits. 2. The method
of claim 1, further.complrisin%: secur.in(glgach of.the at Ieaat ope semicanductor diebtq itts respective
. ecun{leg at'least ©®ne semic uctor di€ to one side of a second 1n Crposer substrate;
interposer substra
electrically connecting the first and second interposer substrates with a first plurality of
10 conductive elements extending transversely from the first interposer substrate to
the second interposer substrate and with no semiconductor dice disposed between
the first and second interposer substrates;
introducing a flowable dielectric material between the first and second interposer
substrates and substantially encapsulating the first plurality of conductive
15 elements;
electrically connecting one of the first and second interposer substrates to a carrier
substrate with a second plurality of conductive elements extending transversely
therebetween; and
introducing a flowable dielectric material between the one of the first and second
20 interposer substrates and the carrier substrate and substantially encapsulating the

second plurality of conductive elements.

2. The method of claim 1, further comprising:
securing each of the at least one semiconductor die to its respective interposer substrate
25 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
30 an opposite side of the respective interposer substrate to which the at least one

semiconductor die is secured.



25 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 30 an opposite
side of the respective interposer substrate to which the at least one semiconducigngigis agrpred. 15
20 March 2006 3. The method of claim 2, further comgrising: introducing a flowable dielectric material
between the first and second interposer substrates and substantially encapsulating the first plurality of
conductive 5 elements and the at least one wire bond. 4. The method of claim 1, further comprising:

forming at least oneopening,iN.agbbbRilrst 30HRECORchifURIpOSEr substrates in locations

whereby the at least one opening in each of the first and second 10 interposer substrates is at least
partially laterélyogtsatotte arhdesidpetapeaiag albenscsthide dirtheritseepndl seicoprbdhterposer

substrates when thefirshaad ﬁﬁ?ﬁﬂ%tiﬁ%&ﬁ@?@ﬁ&%@%ﬁﬂgﬁﬁﬁﬁ'eﬁﬁﬁfé‘f YEOONARIE 5. The method

of claim 1, further comprising: 15 forming at’ least one opening in each of the first and second
interposelsubstrateddmenisativibantideethtitenatddastlone 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. 20 6. Thé methblat oheflamd of, flarthdr, Gothprisimgpapplying a dielectric encapsulant material
to an edge of at least 9{ées?f the at least one . semic iroslygl: die sec interposer

min OHE0pENTAS I each gl the t(%rs on 1r'i{£:ed0tso rt rggbfsi{rs'a&c:s n
substrate anéothe a% Iaeas one s mIC(ﬁ'IélUC%OI’ e secureal O%HE SeCOY{H meferposer substrate.
locations whereby the at least one opening in each of the first and second
10 interposer substrates is at least partially 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.

5. The method of claim 1, further comprising:

15 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 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.

20
6. The method of claim 1, further comprising:

applying a dielectric encapsulant material to an edge of at least one of the at least one
semiconductor die secured to the first interposer substrate and the at least one
semiconductor die secured to the second interposer substrate.

25
7. The method of claim 1, further comprising:

covering a back side of at least one of the at least one semiconductor die secured to the
first interposer substrate and the at least one semiconductor die secured to the
second interposer substrate with an encapsulant material.

30



25 7. The method of claim 1, further comprising: covering a back side of at least one of the at least one
semiconductor die secured to the first interposer substrate and the at least one semiconductor die
secured to the second interposer substrate with an encapsulant material. 30 20 March 2006 16 8.
The method of claim 1, further comprising: forming at least one of the first interposer substrate and the
second interposer substrate from a substantially flexible material. 5 9. The methgehgfclrirad further
comprising: selecting the substantially flexible materig to comprise a polymer tape or resin. 10. The
method of claim 1, further comprising: forming at least one of the first interposer substrate and the
second interposer sBbstratEha Ofthaf @eiBEthhiBINIEGRPPHAIEHEY. It. The method of claim 10, further

comprising: selgHNoL e SUBRIMAYYHII MBIREALIB SRIRIREIRNG QG R} pSEIAMISHIRSS,

semiconductor material, and a glass-fiber laminate. 15 12. The method of claim 1, wherein securing at
least one semicondiistor aiiehefantidlsideapipavitetiahterposer substrate comprises securing a plurality
of semiconductor dice to one side of the first interposer substrate and securing at least one
semiconductor die to one side of the second interposer substrate comprises securing a plurality of 20
semicond@ctor dice 90 one Bidarsthhd sbcom htimogerosuprstinge. 13. The method of claim 1, wherein

electrically connegting t@%u%rs%%]rﬁ?ﬁlfﬁg%i’e'Irﬁ%%‘%f’ai% %8%;&%&?%&%%5 '{%eo%r‘ﬁ%'s'}){.o‘c conductive
elements comprises” electrically connecting the Tirst and second Interposer substrates with one of a
plurality of 25 conductive balls, bumps, or columns. 20 March 2006
10. The method of claim 1, further comprising:
forming at least one of the first interposer substrate and the second interposer substrate

10 from a substantially rigid material.

11. The method of claim 10, further comprising:
selecting the substantially rigid material to comprise one of silicon, ceramic, glass,
semiconductor material, and a glass-fiber laminate.
15
12. The method of claim 1, wherein securing at least one semiconductor die to
one side of the first interposer substrate comprises securing a plurality of semiconductor
dice to one side of the first interposer substrate and securing at least one semiconductor
die to one side of the second interposer substrate comprises securing a plurality of

20 semiconductor dice to one side of the second interposer substrate.

13. The method of claim 1, wherein electrically connecting the first and
second interposer substrates with a first plurality of conductive elements comprises
electrically connecting the first and second interposer substrates with one of a plurality of

25 conductive balls, bumps, or columns.



17 14. The method of claim 1, further comprising: electrically connecting the at least one
semiconductor die secured to one side of the first interposer substrate to an opposite side of the first
interposer substrate with at least one wire bond, wherein the at least one wire bond has a loop height
5 extending perpendicularly beyond the opposite side of the first interposer substrate; and electrically
connecting the at least one semiconductor die secured to one side of the secong)iNgrPR3enHEUbStrate
to an opposite side of the second interposer substratgy with at least another wire bond, wherein the at
least another wire bond has a loop 10 height extending perpendicularly beyond the opposite side of
the second interposér subshateethodphslpeofrsherampaisitEerein electrically connecting the first

and second {pLeroser sYRRAIESHIY RlshRIUE RleeRIUELVESIBMEITRLAMPSISER fnsPacing

the opposite side of the first interposer from the opposite side of the second interposer to have a
transverse distanceltieRopatadsHaledrisryppacsiteradediftibe o thmtoppstieigbigale thidtatteast one

wire bond and the aleast,anofasi e HaRd A I 1658 Jhen 1Sl MRdaaR giont of the at least

one wire bond and the loop height of the at least another wire bond. 20 16. The méthod of claim 14,
wherein efectrically estendutingethenfiist knly syooddhinerposer sdbstritesiwitn@miateplurality of
conductive elementguco%prwa%isgnsd spacing the opposite side of the first interposer from the opposite side
of the second interposer to have a transverse distance there between that is greater than the sum of
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second interposer substrate to an opposite side of the second interposer substrate
with at least another wire bond, wherein the at least another wire bond has a loop
10 height extending perpendicularly beyond the opposite side of the second

interposer substrate.

15. The method of claim 14, wherein electrically connecting the first and
second interposer substrates with a first plurality of conductive elements comprises
15 spacing the opposite side of the first interposer from the opposite side of the second
interposer to have a transverse distance there between that is greater than either of the
loop heights of the at least one wire bond and the at least another wire bond and is less
than the sum of the loop height of the at least one wire bond and the loop height of the at
least another wire bond.
20
16. The method of claim 14, wherein electrically connecting the first and
second interposer substrates with a first plurality of conductive elements comprises
spacing the opposite side of the first interposer from the opposite side of the second
interposer to have a transverse distance there between that is greater than the sum of the
25 loop height of the at least one wire bond and the loop height of the at least another wire
bond.



