20 March 2006 1 APPARATUS 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 fopotaak8®006
semiconductor dice. 10 [0002] State of the Art: Chip-@n-Board ("COB") or Board-On-Chip ("BOC")

technology is used to attach a J rﬁﬁﬁ [ as a printed circuit board
("PCB") and may be effectedlxi%‘egln%ll ?QQ ﬁ%]] -ﬁ'ﬁ Eé%gtgé%%g éﬁéﬁgg e automated bonding
("TAB"). [0003] Flip-chip attac merllsf 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 condBAGKEIROEMNDaDF Jaiie iNVENDIOREd on the active surface of the
die during fabricatio Q%Liljnm% ﬂstgjd ie disgosgﬂ7 on the carrier substrate. The diﬁcrete conductive
elements tay comp[rh in Gt IGRIFSBY UOGRAISE 57915402 ByRg Afons. Each
conductive elgipaatir(és plaeas morrespardibadasupsimnposedicatitaly pligeedileeations of bond
pads (or other 1/0 locations) on the semiconductor die and terminals on the carrier substrate. The

semiconduct&8ies i et aRdAPAHT I BUHSIHCIRAEE T Sa6ka90 YRR B AR BEisbirate by, for
example, refleuing s RductiveaRetapsiabakder Ot eyt senduetieras camdagiasciiiegepoxy bumps.
A dielectric underfill may then be disposed between the 25 die and the carrier substrate for
environmenta&f§5iie seBHCaRdUES Brileice the mechanical attachment of the die to the carrier
substrate,[0004] Wygphendiggangd AR AtteriimeniEschnisceBIsoerily Resiowi - gtrehing a
semiconductor die by its back side to the surface of a carrier substrate with an

technology is used to attach a semiconductor die to 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



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 20 March 2006 2 - using a combination of
pressure and ultrasonic vibration bursts to form a metallurgical cold weld; thermogampEgsSsing
bonding - using a combination of pressure and elevatgd temperature to form a weld; and thermosonic

bonding - using a combination of ressure el v:i\{ed temg%ra ure, an Itrfgxsonic Vi rﬁ\tion bijrsts.A
. . - 51n1gda ombplina 101’1§ ressuré and ultrasonic yi ra%on ’bur? SEO OI‘I‘D? () L%rﬁlca .

dielectric encapsufant such as a Icone or epoxy may then be applied to protect the fifie wires and

bond sites. IrcdlABeldndsohocetaptessiiendarnidid @naimmsutatihgispe stipleasia podyéieidecdre attached

to the bond Qads on the s?micond oarm%j% and corr.esg)o ing ter.minaCI(Pr%gs on the.carrier substrate.

[0005] Higher%@?%?%%@e,()I%I\}v%rwgos"[, mcrté%rsr,ré%s?rr\lllﬁi ?ﬁlrrgllgn ion 0140 comb%ar%IeOn é),fé)rrl%gsgurrgater

packaging densitytaf iedggiatact chicliiirasernagiingigoalaaf the didsupidemntngisiiyit Ahawa

generations of integrated circuit products are. released, the number of components used to fabricate
thorn tendd 15/ HBLTRAS SRS B AARCEP LA OIots 08 TGN UF FRYBROSEN Y o A products

increases. Fahexamplealodiec avepgeatharaligiappipxisnately aptlypareentdaeigasedugomponents
for every product 15 %eneration over the previous generation having equivalent functionality. [0006] In

integrated cirl AYBE RTRHAR e st RAICHbh et RAG M e EARIRB gy has

demonstrated@iiiagrease 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 int88Paled dighsit DO igenanseis DRsbAMgIRERATRGANY IRéY I e space or "real
estate" ayall I j ' ier: t ; ethod of
veilallg fenthe, RGO SRRV GUREY Qf(iﬁtgﬁfe&%f}‘%ﬁisgﬁt%sﬁ%%o AOREHD

increasing integrated circuit density is to stack dice vertic ,323 ("the '323
patent"), issueMRBHIr3ndusio] s geRgations of integrated circuit products are released, the

number of components used to fabricate them tends to decrease due to advances in

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



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 associgiag.leadgygensions
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 a cessibleofromdal%oY thro t’{a bondinﬁnwindow in th? lead frame such that 20
1re. connec IOI]tS can be € 10 the eactlgxl en(sjlons. S arra.Fﬁemen has a m&HOﬁ .
March 2006 §V wire connections can be made to the lead extensions. THis arrangement has a major

disadvantageifsadvan agedinction stahdpomstadp s théureguilie meonitondifféredifficed-sdice, a
somewhat cogn‘dplex lead frame conf%\%ra(}i?n and a fsomewhat ifficult-to-exe%c e wire bonding
lesd

protocol. 5 [0868) U &I PARShE A By T 04 AT S RASEH A Olo8Y' th BRI R A G Wacked die
device contaiwingtdpdinfopiiostacked dice supported on a die-attach paddle of a lead frame, the

assembly purported exceeding the height of then-current si die. packages, and wherein the
bond pads of each J@%iw §bgﬂ%8551’3$é£%}iﬁé%‘f§qMf’écﬁellagé%%ytfbw ré‘ﬁfl‘g%ﬁfﬁlglﬂlé\ﬂ eis
achieved by glase-tolesaos-staskinginhiphdseuadedl Parsibippyr@dum-ioge-padilepaddasmding
operation and dispasition of adhesive layers between the stacked dice. However, Ball requires

relatively lond BaHdamesths asiseihbany eerAdy: taLescredirg dhehdaberidhamentientiingls Bifg bond

wires increasgydiesistans® whddnandasdiitiasherinehdie 4R RARIDNiE-aWs RR PHHRG-ENEAPSsUlation.
Also, Ball requires the use of s;acers between the dice. 15 [0009] U.S. Patent 5,323,060, issued June

21, 1994 to PEiaINelalowehes of thiuderiip IntrdutaeAdy Ontsiidestacrstrelidngevidel 1ymeatrminals
or bond n@d%?@EM@BFy ARBWIERPNARL IR R BRI PRI S IaREMs HIRiHBY 68 2 FIQWE Y&e RS
|

discussed with Ball, Fogal requires long bond wires to electrically connect the stacked die bond pads

to the substragbvEaghrslaskeshdices HuvgseroBadeany esaiglelarentonghond wires to

electrically connect the stacked dice to the lead frame. 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.



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-clypipeunigskon 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, al he em of.long.bond wi the excessjve.and somewhat
complex processingh@@gl ostfiigfff é‘ﬁﬁte%;ﬁl?r!gg?r% lﬁ%gﬂig%%ggﬁ?ﬁﬁga ie agbeaﬁ% Er?é%srs.nlﬁfnating the
second die coxichetadultifhdxaackedredhstatbdaroh R0dcedmBtta] theBetb atéind 6o 3 BZ Boistingd April
18, 2000 to Akr%r@ et EI. "Agram'é), teaches muI(LilpIe stacked substrates .havir]? dice mc%unted thereto
using both witeboRafng KA chip TeEHMBISE HErE SEHE GRERE IS IMEEEn 8h8o%ing
substrate surfaces. [[RA83] Thesefoie, it woulld theaadyaatagaous devaRieioaid faiily siteightierward 5
technique and resulting semiconductor device assembly for increasing integrated circuit. density of

vertically StadRe i8I RUhERIBP &R PSU AR HECHTTBMH Bf P BEEe Ui puesrithriEatihg the
assembly in cRAvANaHQB IR Kesixeingeascendabtdiciaht Mg desimayingueasemaTsialiysavaiRble,
widely practiced semiconductor device fabrication techniques. 10 BRIEF SUMMARY OF THE
INVENTION {B013brieAdnSE e iRt FoaIatalien st Hedua it apsar a3 asing integrated
circuit densitﬁﬁglwmm@ heighbrNd 1&dyGRAdbeINEMRen @l AR RS feStRRsiRIdabricating a
semiconductor die assembly. The present invention includes a 15 method and apparatus for reducing
the height of @‘ﬁlﬁ@!ﬁ? of vertically stacked interposer substrates, each interposer substrate having at
least one gemiconductor die

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



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 expasgghtbrouis an
opening in the interposer substrate and wire bonds extending from the bond pads and looped through

the opening tq canductiye, terminals,of arat sehadiacent e apeping;and on 628 apposits side of
the interposer substrate from the at least-one semicondutctor die. The opposing inmerposer stibstrates
are mutually dectridaltyiaampecteshbstithesrtterrmanatisidbstring. aAlurakiyiadfy doclddoiye elements which

extends trans%%gz{el%tlhe ebgrtlweneln an eleﬁtrii%%pétcolgmects terminals of a second set on each
interposer substiate and é)teracl?y s %}n%he irstt&rminal set, conductive traces extending

between associated GO1Erminadsrafih eotvie: seip@hitatsane inieposevsitsatceddbid terminal set
on a die side of one qf the interposer substrates carries, a like second plurality of conductive 20 March
2006 5 eRmBNiLS gHb‘iﬁﬁtﬁ’&%\%ﬁ“e ?Fo{ﬁ?%%‘??ﬁfé%%@%s%s %P%‘i‘gc?tﬁ‘&éﬂﬁ?@&%ﬁ‘écting the
stacked interp@sgrastbsicaiag d0yalGacigrrathsirates AbassembhincdingrcaarierasuRsaie is also
encompassed by the invention. [0016] According to one embodiment of the present invention, an

exposed 5 pAidioR PiHBcRGE stFface Brhlsasdnos sermicshdueter dirattskel P raihterposer
substrate suqﬁmnafﬁma%wammmmmm iaterahbalignadneianepesad portion of

the active surface of at least another semiconductor die attached to another, superimposed interposer

substrate, the RsigHEDP e GhfBENdeh thedahedtivletsowdic Bopdiears dairpPtiaesaPriiceeiie height
of the wirg)bQiIdHOBRS I ARRIIRIMETRAIRENHIRiGH ey asgit RYERUQTAN84RARed portion of the

active surface of at least one semiconductor die attached to an interposer substrate substantially
directly facesspMGenstugearsdipattnang i pal pisHRCH oA e xpbsadtditidHast thtresst sudface of at

least least partially laterally offset from an exposed 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.



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 semiconductongdigraitachsg to
another interposer substrate but is completely laterally offset therefrom, the height of the gap between
the interposer 20 s %E%tﬁ %Iﬁﬁ)%&é lgthéir A(Log i TO hﬁ%%ﬁi%ﬂgégight may be
minimized, depen%umﬁwmnm%mmﬁ%%@i odiments, a
flowable dielectric nj@fartal nidy he:thspasadppiihiruthe dapptossubistantialywaehdapaolaténbpth the wire
bonds electrically connecting the, opposing die .and substrates and the discrete canductive elements
connecting O IMRAL R THE S8 CHCOAE SRR i HRl g SEr SO AIok PAEHGP  Mwanie
dielectric matgtaradyghesnrodiiced between the lowermost interposer substrate of an assembly and
a carrier substrate tg substantially encapsulate the second plurality of conductive elements. 20 March

2006 6 BRIEF DESCHBITIONSR FIHE e ¥ RRIPNIEWEOHS U R B R RWANGS 185 17] The method

and apparatusifoiienpresentinveptiomywHbbe meradully staorpisterdifromithemetailed.description of
the invention when taken in conjunction with the drawings, wherein: 5 [0018] FIGs. 1(a) - 1(d) are

simplified croS4188¢he8aPY RIS & Rt BhbeRIRfEHR] AIStPRAFG IO ENSS BTV BRYEMY stacking,

electrically cappgssing.a@d dfillinetheaapREWaBLRIGREEGRHY QQF%%EQHI@{H%?V substrates, each
having a semiconductor die attached thereto, in accordance with the present invention; [0019] FIG. 2
is a simplified cross!88&8bndiiied sra aplaishGptectstnalovedinigit! mustritngvertically
stacked ifierpRsRuRHEH A S RN ge’i‘ﬂfé'él%Q@{%d%H%?BG&}%&%ﬁQt&tﬁﬁwﬂﬁfﬁﬁM%%%e'“

accordance with the present invention; [0020] FIG. 3 is a simplified cross-sectional view of a second
embodiment,attached to each interposer substrate, in 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



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 piegantingegtion will
be hereinafter described with reference to the accompanying drawings. It should be understood that

the llustrations, aye ot ieant e, be.aciual Yiews.of BB Baficular anparatys qudiormetad, put are
merely idealized represeftations which aré employed to more clearly and fully depict the "present

invention tham2@andiudtherfiisesbe posisiblendalsétondl lypedeime stsfackd Ifxhharas 2im egrnmen between
the figures re({)?l&th&lg me re%fern {gw(‘;)c:t%er}gtmeral designation. [0023] A method and apparatus of a first

embodiment Of tHe presen mvention'Ss éﬁ%l\ll%w in FIGs. 1(a) - 1(d). FIG. 1(a) illustrates a simplified

cross-sectional view @U24]first initeepateididibieaie Al@subrving:a ftbt secnugaeidgtos gemicRor die (“first

die") 130 attached thereto by its active surface 132 to provide a first assembly 110. The first 30
interposeiu@s?rﬁ?é“f?d) tgegﬁf) PEtAGT ¢ %W@%B&@%Qﬁ?ﬁ%ﬁ%ﬂ%yg Qé(ﬁ&ﬁner tape

or resin, or afiigidinafRKal, 190¢ B8l &HeanCeraPidFass nsenepreklater 3Q W akehi 20060 fematerial
or a glass fiber laminate such as an FR-4 laminate. The first interposer substrate 120 includes a first

surface 122 &RASESBEoNEaSpISSiRG Ba A ISP eReitRp sbpbrind 1 61 1R PO slot
therethrougho{QORA] & digIggtds adbgsivaioadaupiessidad palkasive tapsoitay R RiRvideds$ to a

portion of the second surface 124 surrounding a periphery of the opening 126 of the first interposer

120, or, alterfiivayctie sdhasve rrlyhselsrodiadd dsinsstam sy ecsse B dBadistrface 124 of
the first interRas@arSybstraigd s fitstriie 130 i ke ptaahed ipthggdnesiyeqn. the second

surface 124 of the first interposer substrate 120, so that an active surface 132 of the first die 130 is
face up and accessi®@2fbmIfrstiiatl interconnection between bond pads of the first die 130 and

terminals of the first interposer substrate 120 on first 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



10 surface 122 of the first interposer substrate 120 through the opening 126 therein. [0025] Electrical
interconnection between bond pads of the first die 130 and terminals of the first interposer substrate
120 on first 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 substratg) \20--[P8#§ FIG.
1(b) depicts a simplified cross-sectional view of a stagked in- process interposer assembly 105

including the first assembly 110 mounted to a second. assembly 110'. The.secpnd assembly 110" in
the frs embSU TR o1 e R T S B e as e
first assemblydntiicR0cSiiitanto 1the firs s assentaimidantlkalseconnkd dgetnbiyatrciaddésracdecohd
interposer substrattetlzo.' h vir%%a first surfac .1%2' atnd s% nd (?RB ,si?ig sugacte 124" and a second
semiconduct8?%fée\ﬁC(aerggla?es("secsgﬁanéliécf 0" AAIngan activesurface T32°Whith % attached to the
second surfacentiddionffiliedsganndisriefioseat, shbdiratetd 20ndlibeveagemdnassiiny bd Bealso includes
wire bonds 140’ electrically connecting termipals of the 25 second i%:]%r%oser substrate 120' and bond
pads of secofitite 135 THE%H YAS LR the FPRPARE LetaH LesBRSRUMRD BAT 96 together i
accomplisheddflinpingéheiseepod assambiuldOnaethal daepfisstSusfasen bamieof dirersecond
interposer substrate 120’ directly opposes or faces the first surface 122 of the first interposer

substrate 12001818108 LGeqrductiys demans i marysadicyrdadirbiseronisygdddnanner, the
second assegyet LQlvaaybeomomrd andiardaetiatheHishagsambly i@ kY sopplity of discrete

conductive elements 150 formed of a lead/tin solder or 20 March 2006 8 conductive or conductor-filled
epoxy. If sold8Fieds SRIVBI st rRnARCansieize CorulRIvE ensrhBMere SO s B Rtabfdtemperature

determinggl by the MatrEaliaigoh Wil apnneshigimindlsRiAGASUod dRiRR fistsyeages 122 and
122'. If conductive or conductor-filled epoxy is employed, the discrete conductive elements 150 may

be heat 5 curdhesive EygEAT e SIaRIeNed I5heh 8 Hecetre candr AsesaasIeBtimps, pillars or
[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 Hj is the distance, for example, that the wire bonds 140 or 140'

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

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

30 the first and second assemblies 110 and 110", particularly if gap 160 is of marginal height

with respect to the height of the wire bond loops.



columns, depending upon the material or materials employed to form same. Other materials for the
conductive elements 150 may also include, but are not limited to, copper, silver or gold, as well as
alloys thereof. The conductive elements 150 may include a conductive or nonconductive core having
one or more conductive layers 10 thereon. Alternatively, a so-called "Z-axis" anisotropically conductive
adhesive or adhesive layer may be employed in lieu of discrete conductive elemgnigaf0928Hd he
stacked interposer assembly 105 with a plurality of digcrete conductive elements 150 between the first

surfaces 122 and 122/ of the first and second. assemblies 120 and 120" provi a gap 160
therebetween havin?baggé igf’?fsl-ﬁh\(/)vmlchnig?i% égﬁh%rbc%%/ ﬁlfellrlgltezllaﬁ:tn})]?% }a?giggre?t%ecsc‘igﬁ%%tive elements
150. As previmgsiytgetlfdrthre i ecwiral botws dOdandeiid’ axpendoitein desadbpdds ditfkstiand second

dice 130 and 130' respectively to the first surfaces 1 d 122' of the first and second interposer
substates 1OUAERE 0 (1% BAAS T BctRg LRBNAG T E OR0h HUGREHa. The. wire
bond loop heigbibhdZisdmelslistancehtodiekarmiple]drahibaiwing hanasnsilyore i PO extand above the

first surface 122 or 122" of their associated interposer suhstrate 120 or, 120", as shown in FIG. 1(b).
According’to tHBd%F ﬁ%‘@@ﬂi@ﬂ@&?%@&&ﬁ?&w&%ﬁ?ﬂ&%ﬁ%‘? SHPRESI D YRS than the

wire bond logpdaeight&led@weyaraidiseqygiesagnihaisthegan heghiutltb eaipaskpaicethe wire
bond loop height H2 to prevent opposing, substantially superimposed wire bonds 140 and 140' from

making contdtssectgndpgne cegiadPandhdicks o llc mdnsA) MA4stheragnseuindi¥forting,
the wire bongst4QREdtARaMaMNIVERIRIPHSIKaRAlIBINBEER R AW ISHRBINEYIR® diflectric resin

film before stacked interposer assembly 105 is assembled. This film will mutually insulate the wire

bonds 140 add44dhsticdersahitisnpalrrim dddabserrdicsn shesRAE Hh O LEREHIRBIMe the potential

to occur bgtwes ik ARROSUG S &P oS 14 QRBAIAQ: ARt ediEshand seaqsd agsemblies 110
and 110, particularly if gap 160 is of marginal height with respect to the height of the wire bond loops.

20 March 200ddtitnaboiealaitahprin PrRoVage thetet ikl fesoadserpiplicsd hanthd Kecdhe

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 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



assembly 110" are electrically connected together as previously described, a dielectric filler material
170 may be disposed into gap 160 between the first assembly 110 and second assembly 110'. The
dielectric filler material 170, commonly referred to as an 5 "underfill" compound due to widespread use
in flip-chip assemblies, serves to distribute loads placed on the first and second assemblies 110 and
110" due to thermal expansion and contraction during operation. If dielectric fillepgeigtgl2bd is
thermally conductive, it may also facilitate transfer of fjeat generated from the first and second dice

130 and 130'. The dielectrﬁ}gllﬁg material 1?6916) 0 recgjc%%&ré% Po{%gltial for en\glronmental 10

. ._space therem, CNSEr N0Z [ IESEervolr ol a Syringe or. .
contamlnatlonpge?ween?he rst and secon assemr%?esl and(l and proviaes an %ddrltlonal

mechanical borybbetbgrethn firgipandisdoandnassbmilie A\ 120 sppii hiidn dhehefilletmtaiefiled 70 may
comprise aflow?blel[i%/meric ateria su&? as an epoxy.or an .acr ”ﬁf resin, an%ma .contain inert

filer material Thefeih o re&ﬁ%%yc;&s‘f.“’[‘ﬁ ?5] %p?o?ﬁ“é%?llﬂilrgg the ge}%tpa1 Aiclen jclrasngae ectively, it
is necessary nié&io (itfeadiag dbhédwRitimallanometiof $ileetedinoult Yistscemispldkeissforming in

the filler material 17 h efficiency may be optimize a person of ordinary skill in the art
manipulatthg the vis%&zﬁah@ém%@é@eﬁ%%ﬁ%ﬁﬂeF fi ewﬁ}aféﬂéﬁﬁfgrgc%%?ﬁ%]&&@tﬁ‘é‘tﬁ% ht of the
gap 160. Anothenggnsidatmtiante papmote4illing Bffisfencydpitine Mmethadused 1 fihibag yzp 160.
Such methods for filling the gap 160 20 may include, but are not limited to, injecting, alone or in

combination WithrEsstpiacroaddliss ANk LAY nidhn dirdegthr SRSARBIAURARTIATEY A 160 may be

accomplisheg Ry arplyinarthefilacmatesialtén SrMAedisdensREN9#ZIe A Erpbich ki@ comprise a
needle. The dispenser nozzle 175 may fill the gap 160 by dispensing dielectric filler material 170 at

either one sidEPEHEYE §1V9RRNS adfHEBRT didu Qddessys it tienaldacshya 2% borsl hebseabitation with an
edge facifng the rpRARN QLR SIaRke fItEERoSE@aS BRID st frnd ﬂ%&iﬁ%%i@hﬂﬂﬁfam&f&@?“ 170 may
orc

then be allowed to freely flow and fill the gap 160 as a result of capillary es between the first and

second assemblies mﬂndl‘i&@m%éﬂi&@kéédwﬁﬁégé@ &Qﬂérﬁ&ﬂ)ﬂ&@@hm}%cmm@@i&hWard away
from dispensgr 00776 L fdq GORIM PRI ASTIRS 1. Hav: EuBthst. Teyilizngtheepessided or two-

30 sided dispense method, the dielectric filler material 170, when of an appropriate
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 H; 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



viscosity, pushes and removes the air from the gap 160 as the filler material 170 fills the 20 March
2006 10 space therein. The dispenser nozzle 175 may be affixed to the reservoir of a syringe or any
other dispensing apparatus known in the art. After application of the dielectric filler material 170, it
may be cured by heat, ultraviolet light, other radiation, or other suitable means (depending on the
dielectric filler material selected) to at least a semisolid mass. 5 [0031] Additionaby, ggaehowngn FIG.
1(c), a dielectric encapsulation material 177 may bejgrovided to edges 134 and 134’ of the respective

active surfaces 132 and 132' of the first nﬁsec nd dice, 130 and 130'.. The dielectric encapsulation
el 1 BRI e R e AR L B RREARR o e
from the envipoonidentekaathdatibgp od\destian vedel ionil e chdnidal fooricHetveahseaaind10 die and its

associated interposer substra help distribute loading and thermal stress, [0032] As shown in FIG.
) & stk RLa b T8 P e o B A TR SORIOM b Tmenad to o
carrier substrgtent86 s90hasvack @B fitth adpieratityaofcligtietd 1o aaklictive glasneniis i 8i2

therebetween. The discrete conductive elements 182 may contact terminals.of a third.s either of
e socon LA T A T B APet B SN R S £ LR 6  bohancaly
and electrically sganmecirg siacked iviepposaeassesay 1Qbdepenndiuciiveisaces afdkasearrier
substrate 180. Discrete conductive elements 182 may comprise any of the materials or combinations

thereof previGUSH HERHIBRRAIGIHSAEIEn® GisBrpe <o daRtivRUSRMEMts 150 and may be of any
suitable configuratiqpo38)[0033hFMiItIEr 08D ENRWRNeRGodibhtaadpe-stackad harRoser assembly

105 is bonded to the carrier substrate 180 via the conductive elements 182, as previously set forth,

next, a dieledtitstingdimiiiatdriderisana ay sppidhedigaesHsplietlo raohapcked iteesstveen. As
previoushyydiscussef, Wik rgspechindjing he.apR dGR ketween e fistasiemily 140-aa¢second

assembly 110', the gap 184 may be similarly filled, 25 employing any method known to one of ordinary
skill in the aredchhéistapsineaond sttaproser substaatesigRY MBledlal 1disrgrenten thahhe fRickness of

the first die 130 of,SECPAf1ti-die 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

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



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 HI due to the absence of a die between the
adjacent interposer substrates 120 and 120', results in a substantial decrease 20 March 2006 11 in
the height of the assembly. Further, it should be appreciated that the present inveptar:Jaroyiges
encapsulation of both the wire bonds 140 and 140' fgrthe first and second assemblies 110 and 110’

and, addition%%,e apsulation of the discrete conductive elements bet n the first and second
esemblics L S S e R 0 it the
dielectric filleintiatierally te bpasiing, ithchpregertadvgriidmnpranfigasatméddianchapphr dias that

provides incrﬁlased Ci cuitbdgnsitxévh\)/fwu}e also reducing the nﬂmber of fabrication sgte S. ﬁ?OtBS] A
0

variation 200 0f t76 Tirst Empbodif TREBrRS BN EIEh S |sesil'il&%tsr%lpeeaalry s ,ac?eplacting a

simplified crodscsrsttditathd €its ot stackact nntarpasklidéhalgeimbiycng baving musitiledidst and second
dice 230 a£d 230’ r.es&ectiv.ely atta%g%%é% each of first and secqnd interposer substrates 220 and

220'. This ValHIBRIFS SRS e B iR A SSRANEY T UL Ry PRSHE_E EREES the first

and second pssemblienrlQanmi2d Ciingtutasiyt 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 substratel?930 arfd WirtiRI3Y] af Laesine Hewnsiso sttt dn S Citentish is

illustrated in GiFict3 aGRPIRIRED RAEHRSUNRELRShEI9nsrs8LtiatrR! Viaw Bbsiaakadikierpgser assembly
305 having multiple first and second dice 330 and 330’ respectively attached to each of first and

second interpBESIrdRlEEsomd nacepd dirpd A aphd ¥hissrartysbicdnhed @R 2ufirst

embodiment exeaRiHf PR Br6and 3RPasvthe first andisreonthassesblies34d and 310 _
include a staggered, or laterally offset, opening arrangement 390 so that the openings 326 and 326' in

the opposingairbrdiacaseserpirthatibestasgpdaoengmpcantigparion 490 includes opposing
openings 426 and 426' in first and second assemblies 410 and 410' partially aligned to

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).



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 HI of the gap 360 to be the same or only slightly larger than the
wire bond loop height H2 since opposing but laterally offset wire bonds 340 and @4Qi£apnotgontact
each other. As shown in FIG. 3, the first and second;mterposer substrates 320 and 320" may each
include multiple 30 |ng d 326' in.the staggered opening cqnfiguration 390 for attaching
mutiple first and sOUAMGic 540 i S0 e AR Qe S RSP 520 nd 20
March 2006 12usd2dedAlterodiivetys, e dirsf antlisegakidlintehpasewdlibstogatese3R(d apprd2emay each
include only ane gpening in the staggered gpening.configyration 390. It js.notable that the second
embodiment QHUECSHSRHE IO Mo 19 Lhte S Aragad ROt RIISES in the firs
embodiment aindloaeitisinbadiméhe secondrahediwieisundipdama boninivinegdequiked gap height
between the interposer sybstrates to promate a reduced package height for a high circuit. density.
[0037] A varidt6H AR BrESEcHa! n%i%ﬁﬁghf?gﬁ‘ﬁﬁétféﬁgﬂ%ef%%%%ﬁ%ﬁn%?)‘?c‘ig‘ﬁtb%%al
simplified crogsdsagsiens adew@faiaekethintaspeseriashe fabe4d2nhhavvgizwitiple first and second
dice 430 and 430’ respectively attached to first and 10 second interposer substrates 420 and 420'.
This variation is similar to the second embodiment except that the staggered opening configuration
490 includes opposing openings 426 and 426" in first and second assemblies 410 and 410’ partially
aligned to 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 H1 of the gap
460 may be between the wire bond loop height H2 and twice the wire bond loop height H2
(H2<H1<2H2). 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 maybe omitted if desired, 25 although use) therepbigogurrently
preferred. Additional openings may be formed in the jipterposer substrates to facilitate introduction of
the dielectric underfill material or avoidance of b?ﬁmvoids. Further, one or more additional dice
or other electrical components may be secured t rposer 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 theaﬁtl). 20 March 2006 13 [0039] While the present invention has been disclosed in terms
of certain illustrated &HbST iMents, 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 departjng from the scope of the 5 invention as claimed herein. Similarly,
features from one embodirheht fidy'Bé %Wﬁgg(%ﬁhcﬂﬁ%%sbqg&nother while remaining within the

scope of the inuestiapstife GAAY S stitactdmEs Jecodfdl Mayeing0Qhace; An electronic device
package, comprising: a first substrate having a first surface and a second opposirég surface; a second

substrate hasGeaTSPREF e S A B JHEbHEBppBuHySSartaPRe irst Llitacbe dii s Wirssnd
substrate adjacent tgfthe ficshsyasarafethg fvsicuhal &gt allersioneJaRicanduetor die attached to

the second opposing surface of the first ' '
at least one semiconductor die attached to the second opposing surface of the first

10 substrate;
at least another semiconductor die attached to the second opposing surface of the second
substrate;
at least one bond wire extending from a bond pad on the at least one semiconductor die
attached to the second opposing surface of the first substrate to a terminal on the
15 first surface of the first substrate;
at least another bond wire extending from a bond pad on the at least another
semiconductor die attached to the second opposing surface of the second
substrate to a terminal on the first surface of the second substrate; and
at least one conductive element extending from a terminal on the first surface of the first
20 substrate to a terminal on the first surface of the second substrate and electrically

connecting the first substrate and the second substrate.

2. An electronic device package, comprising:
a first substrate having a first surface and a second opposing surface;
25 asecond substrate having a first surface and a second opposing surface, the first surface
of the second substrate adjacent to the first surface of the first substrate;
at least one semiconductor die attached to the second opposing surface of the first
substrate;
at least another semiconductor die attached to the second opposing surface of the second

30 substrate;



10 substrate; at least another semiconductor die attached to the second opposing surface of the
second substrate; at least one bond wire extending from a bond pad on the at least one
semiconductor die attached to the second opposing surface of the first substrate to a terminal on the
15 first surface of the first substrate; at least another bond wire extending from a bond pad on the at
least another semiconductor die attached to the second opposing surface of thex¢goris, suhstrate to
a terminal on the first surface of the second substratgzand at least one conductive element extending
from atermina%l on the fiyst e first 20 substrate to a termin irst

urface of t u | on the f urface of the
second substRE TSI Sl B B RS S R S R RS
electronic device package,oppoyinis ngfadicsttbe hstraie banin o atitr Sir sundsdecarfdla $esond opposing
surface; 25 a second f)ubstrate having a first surface and a second opposing surface, the first surface

of the second substra eSté%heacent to the first surface of the first substrate; at least one semiconductor

die attached 1o Ihistsecond bppdsiing sudade ofihe fiishidubstiatehat Jeasicdather dermicenedictor die
attached to the second opposing surface of the second 30 substrate; 20 March 2006 15 at least one
3 W Oh e i g

bond wire“extendind Hrih ¥ RRRSS g CIOTE SRS SR L SEEWACE 95 8%ng surface

of the first substratestedhe firstsateiace of the first substrate; at least another bond wire extending from
the at least another semiconductor die attached 5 to the second opposing surface of the second

substrate to tHe Y QGrradwtirec el eLanlng e tiermdicdist ase e ust Stk ding
between the first sufacenefthRe Jingh&UBstHatEcond substrate and electrically connecting the first

substrate and the second substrate; and
10 adielectric material disposed between the first substrate and the second substrate and
encapsulating at least a portion of the at least one bond wire, the at least another

bond wire, and the at least one conductive element.

3. The electronic device package of claim 2, wherein the dielectric material

15 comprises a polymeric material.

4. The electronic device package of claim 1, wherein at least one of the first

substrate and the second substrate comprises a substantially flexible material.

20 5. The electronic device package of claim 4, wherein the substantially

flexible material comprises a polymer tape or resin.

6. The electronic device package of claim 1, wherein at least one of the first
substrate and the second substrate comprises a substantially rigid material.
25
7. The electronic device package of claim 6, wherein the substantially rigid
material comprises one of silicon, ceramic, glass, semiconductor material, and a glass-

fiber laminate.



and the first surface of the second substrate and electrically connecting the first substrate and the
second substrate; and 10 a dielectric material disposed between the first substrate and the second
substrate and encapsulating at least a portion of the at least one bond wire, the at least another bond
wire, and the at least one conductive element. 3. The electronic device package of claim 2, wherein
the dielectric material 15 comprises a polymeric material. 4. The electronic devieg) pagkag®ed claim 1,
wherein at least one of the first substrate and the seg@nd substrate comprises a substantially flexible

material. 20 5. The %Iectror}iﬁedﬁgé%e ﬁ)acGI%a €. Ofa g %im (Z)Lfc Q(rerﬁin V&nggubﬁtﬁgtita(l)lx fg?)éiltélgtmaterial
comprises a polymer tape or resin. 6. fhe electionicdevice package oF claim i Wherein at least one of

the first subdtrateoanddhé seeand shibstiatetcontheisbend sulrsiantiadtd rgitl mbtdeatitesin The
electronic de}‘fﬁﬁ package of claim 6, wherein the substantially rigid material comprises one of silicon,
ceramic, glass, semiconductor material, and a glass- fiber laminate. 20 March 2006 16 8. The
electronic device package of claim 1, wherein at least one of the at least one bond wire and the at

least another bond wire is coated with a dielectric resin film..5 9. The electronic. device package of
laim 1. {uhther com ricing B BRRHR AR P pBS LA i 1 P S O bosing

surface of theditstisLspiaie: do 1R 866080 OPPIsHY EUpgsenef dngse cPnit Fukstisiataeat least
partially encapsulate at least one edge of the at least one semiconductor die and the at least another

semiconduct8PHi8e £6°98d PRROSIBRFBHRCBEYIGE prrdRdou Rt 1t KeRtherEathprriAgsuIate

at least one edge of the at least one semiconductor die and the at least another
semiconductor die.
10
10. The electronic device package of claim 1, further comprising:

a first plurality of semiconductor dice attached to the second opposing surface of the first
substrate, each semiconductor die of the first plurality of semiconductor dice
having a bond wire extending from a bond pad thereon to a terminal on the first

15 surface of the first substrate; and

a second plurality of semiconductor dice attached to the second opposing surface of the
second substrate, each semiconductor die of the second plurality of
semiconductor dice having a bond wire extending from a bond pad thereon to a
terminal on the first surface of the second substrate.

20
11. The electronic device package of claim 1, wherein the at least one
conductive element extending from a terminal on the first surface of the first substrate to

a terminal on the first surface of the second substrate comprises one of a metal, a metal

alloy, and an anisotropically conductive adhesive.

25
12. The electronic device package of claim 1, wherein the at least one
conductive element extending from a terminal on the first surface of the first substrate to

a terminal on the first surface of the second substrate comprises a discrete ball, bump, or

column.

30



a first plurality of semiconductor dice attached to the second opposing surface of the first substrate,
each semiconductor die of the first plurality of semiconductor dice having a bond wire extending from
a bond pad thereon to a terminal on the first 15 surface of the first substrate; and a second plurality of
semiconductor dice attached to the second opposing surface of the second substrate, each
semiconductor die of the second plurality of semiconductor dice having a bond wiye,gxtandjng from a
bond pad thereon to a terminal on the first surface of4he second substrate. 20 It. The electronic

device package of claim 1, wherein the at least one conductiv efe ent extending from.a terminal on
the frt surface of (e irst LD QRS X StaCa e G Tl oS S BBl

comprises on®uftivetelk acmetahcald o andrannahisothepicalhd cgposictyyergddbesivhe Zbst 2. The

electronic deVI?}?}PaCka% of claim 1 wherﬁtén !the at Ie%st one cgnductlve eleme t?xtendlng from a

terminal on the At SUAREE BFHHE FPOP ST AIE 150N tEFmiRaPET 15 Hr & AR 8HHAE second

substrate comprises a discrete ball, bump, or column. 30 20 March 2006 17 13. The electronic device

packagegsfclaim 1,{ rtherﬁ%om rising at least onﬁﬂcon ti.veoil)ement att?é:ehe to a terminal on the
second opposing sutface of tH&AFSE Yiie RASTAGEI U S Y Bohh QAT R AR ice package to

a carrier subssatechvkeldentlaairasictdavigenpackagaofciaim cbpowhe iitibeddittrasisone
conductive element attached to a terminal on the second opposing surface of the first . substrate

comprises ord SFRHERIIPH Hear Ay maith armetrbatidpieath e SRBGERPCARHIIEUYF 15. An
electronic deyigge faskage, comprising:

10 15. An electronic device package, comprising:
a first substrate having a first surface and a second opposing surface;
a second substrate having a first surface and a second opposing surface, the first surface
of the second substrate adjacent to the first surface of the first substrate;
at least one semiconductor die attached to the second opposing surface of the first
15 substrate;
at least another semiconductor die attached to the second opposing surface of the second
substrate;
at least one bond wire extending from the at least one semiconductor die attached to the
second opposing surface of the first substrate to the first surface of the first
20 substrate;
at least another bond wire extending from the at least another semiconductor die attached
to the second opposing surface of the second substrate to the first surface of the
second substrate;
at least one conductive element extending between the first surface of the first substrate
25 and the first surface of the second substrate and electrically connecting the first
substrate and the second substrate;
at least one conductive element attached to the second opposing surface of the first
substrate configured to connect the electronic device package to a carrier
substrate, wherein the at least one conductive element attached to the second

30 opposing surface of the first substrate is attached to the carrier substrate; and



a first substrate having a first surface and a second opposing surface; a second substrate having a
first surface and a second opposing surface, the first surface of the second substrate adjacent to the
first surface of the first substrate; at least one semiconductor die attached to the second opposing
surface of the first 15 substrate; at least another semiconductor die attached to the second opposing
surface of the second substrate; at least one bond wire extending from the at leagt pg-gemigonductor
die attached to the second opposing surface of the fitgt substrate to the first surface of the first 20
substrate; at least another bond wire extending from the at least another semiconductor die attached

to the second opposing surface of the second substrate to the first surface of the second substrate; at
least one corfidieiRAT I anEitad depeiing séweer heBrir st BoFrie ansk thocifsies spREFEYE % and the first

surface of the secong| spRgHLaIS AL AIPLHIGAILL CRTREGINA MG IS naHOSHALR AR g, SREPRS

substrate; at least one conductive element attached to the second opposing surface of the first
substrate configuredh®seepméeprtvsiviosirtisic dabicBipbaikag@tto a carrier substrate, wherein the at
least one gonductive element attached to the second 30 opposing surface of the first substrate is
attached to the carrier substrate; and 17a 20 March 2006 a dielectric material disposed between the
first substrate and tHé.carri€hselsstratecaledi@mabsgtating amddsvdgortdthectt tlhestbiwast one

conductive elementAtashed {0, ins 56574 9RROSIDA FirTace of 0SSt suRstiale- Bl The
electronic device pacY<age oF Claim § wherein the at least one conductive element attacﬁwed toa
terminal on thetseatncbopposing dscfaeebofltivarfistosalistrate comprises a discrete ball, bump, or
column.
10 17. The electronic device package of claim 1, wherein the at least one bond
wire and the at least another bond wire are substantially aligned on an axis extending

perpendicular to the first surface of the first substrate and the first surface of the second

substrate.

15 18. The electronic device package of claim 17, wherein:
the at least one bond wire has a loop height between the first surface of the first substrate
and the first surface of the second substrate;
the at least another bond wire has a loop height between the first surface of the first
substrate and the first surface of the second substrate; and
20 atransverse distance between the first surface of the first substrate and the first surface of
the second substrate is greater than the sum of the loop height of the at least one

bond wire and the loop height of the at least another bond wire.

19. The electronic device package of claim 1, wherein the at least one bond
25 wire and the at least another bond wire are at least partially laterally offset from one
another on an axis extending perpendicular to the first surface of the first substrate and

the first surface of the second substrate.



10 17. The electronic device package of claim 1, wherein the at least one bond wire and the at least
another bond wire are substantially aligned on an axis extending perpendicular to the first surface of
the first substrate and the first surface of the second substrate. 15 18. The electronic device package
of claim 17, wherein: the at least one bond wire has a loop height between the first surface of the first
substrate and the first surface of the second substrate; the at least another bond g kaadgop
height between the first surface of the first substratqand the first surface of the second substrate; and
20 a transverse dist%ce b% ween ttrrg)%ifcirgg Vsurfaccekgf thoef fifslt Sl]rl] s%ﬁ[ﬁ?e?nd the first surface of the
second substrate is greater than the sum ofl%ﬁg?oopgﬁelg% Of the At feast one bond wire and the loop
height of the dieleaktsnathdohdmdrevias 4 Sopheelechkowicedelvicérpackige of tlaifitsi suieredn the at
least one bond 25 wir tﬁn(ii. thte atfleastfaﬁﬂother %onq}wir? are at least partially laterally offset from one
another on an axis éXten mﬁspé%gﬁ%%u ar t6tHE firstSdrface of the first substrate and the first
surface of thelseadegbsahstrateord WMas b0 KbighObdihe @lentr inic wWefdce qiabkage: of claim 19,
wherein: the at least gne bond 'res{]]]%s a lgop height between the first surface of the first substrate
and the fi tsurfaceSBPTﬂéltgélBg:/ﬁhe §Wﬁ%§%§é&%8§?%&hﬁ%@r@aﬂre has a loop height between
the first surfagerg@fsihe diratstarnsehsiraternnd thefiistaw traaofithe seaand subsieaiai 3ndadrensverse
distance between the first surface of the first substrate and the first surface of the second substrate is

greater than either SPEREIBRIH RIS &F grenlst haareiiher BbHY lore Arighhehihe 45154beREr bond wire
and is less than the s Rfthenloar haigbt afdhe2idaasteoendqndowirganddRedperuneiebp of the at

least another to bond wire. ' .
height of the at least one bond wire and the loop height of the at least another

10 bond wire.



