1 ASSEMBLI ES | NCLUDI NG STACKED SEM CONDUCTOR DI CE HAVI NG CENTRALLY
LOCATED, W RE BONDED BOND PADS 5 BACKGROUND Field of the Invention: The
present invention relates generally to sem conductor device assenblies, or
so-called "nulti-chip nodules,” and, nore specifically, to nulti-chip
nmodul es in which two or nore sem conductor devices are stacked relative to
one another. In particular, the present invention relates to stacked

sem conductor 10 device assenblies in whilch the di stances between adjacent,
stacked sem conductor devices are determned, at least in part, by a
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Background of Related Art: In order to conserve the amount of surface area, or
“real estate,” consumed on a carrier substrate, such as a circuit board, by semiconductor
devices connected thereto, various types of increased density packages have been
developed. Among these various types of packages is the so-called “multi-chip

20  module” (MCM). Some types of multi-chip modules include assemblies of
semiconductor devices that are stacked one on top of another. The amount of surface
area on a carrier substrate that may be saved by stacking semiconductor devices is
readily apparent - a stack of semiconductor devices consumes roughly the same amount
of real estate on a carrier substrate as a single, horizontally oriented semiconductor

25  device or semiconductor device package.

Due to the disparity in processes that are used to form different types of
semiconductor devices (e.g., the number and order of various process steps), the
incorporation of different types of functionality into a single semiconductor device has
proven very difficult to actually reduce to practice. Even in cases where semiconductor

30  devices that carry out multiple functions can be fabricated, multi-chip modules that
include semiconductor devices with differing functions (e.g., memory, processing

capabilities, etc.) are often much more desirable since the separate semiconductor



capabilities, etc.) are often nuch nore desirable since the separate

sem conduct or 2 devices may be fabricated i ndependently and | ater assenbl ed
wi th one another nmuch nore quickly and cost-effectively (e.g., |ower
production costs due to higher volumes and |lower failure rates).
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i ssued to Fogal et al, on June 21, 1994 (hereinafter "the ~060 Patent").
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15 device, vertical spacing between the semiconductor devices is not required. Thus, any
suitable adhesive may be used to secure the semiconductor devices to one another.
Such a multi-chip module is disclosed and iltustrated in U.S. Patent 6,212,767, issued
to Tandy on April 10, 2001 (hereinafter “the ‘767 Patent”). Notably, since the sizes of
the semiconductor devices of such a multi-chip module must continue to decrease as
20  they are positioned increasingly higher in the stack, the obtainable heights of such
multi-chip modules and the number of semiconductor devices that may be placed
therein is severely limited.
Another example of a conventional multi-chip module is described in U.S.
Patent 5,323,060, issued to Fogal et al. on June 21, 1994 (hereinafter “the ‘060 Patent™).
25  The multi-chip module of the ‘060 Patent includes a carrier substrate with
semiconductor devices disposed thereon in a stacked arrangement. The individual
semiconductor devices of each multi-chip module may be the same size or different
sizes, with upper semiconductor devices being either smaller or larger than underlying
semiconductor devices. Adjacent semiconductor devices of each of the multi-chip

30 modules disclosed in the ‘060 Patent are secured to one another with an adhesive layer.

The thickness of each adhesive layer well exceeds the loop heights of wire bonds



sem conduct or devi ces. Adjacent sem conductor devices of each of the
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thicknesses that space vertically adjacent semlconductor devices apart a greater distance
than the loop heights of wire bonds protruding from the lower of the adjacent dice. The
use of thinner bond wires with low-loop profile wire bonding techniques permits
adjacent semiconductor devices of the multi-chip module disciosed in the ‘060 Patent

20  to be positioned more closely to one another than adjacent semiconductor devices of the
multi-chip modules disclosed in the ‘060 Patent. Nonetheless, an undesirably large
amount of additional space may remain between the tops of the bond wires protruding
from one semiconductor device and the back side of the next higher semiconductor
device of such a stacked multi-chip module.

25 The vertical distance that adjacent semiconductor devices of a stacked type
multi-chip module are spaced apart from one another may be reduced by arranging the
immediately underlying semiconductor devices, such that upper semiconductor devices
are not positioned over bond pads of immediately lower semiconductor devices or bond
wires protruding therefrom. Thus, adjacent semiconductor devices may be spaced apart

30 from one another a distance that is about the same as or less than the loop heights of the

wire bonds that protrude above the active surface of the lower semiconductor device.



i mredi atel y underlying sem conduct or devices, such that upper sem conductor
devices are not positioned over bond pads of inmediately | ower

sem conduct or devices or bond wres protruding therefrom Thus, adjacent
sem conduct or devices may be spaced apart 30 from one another a di stance
that is about the sane as or less than the | oop heights of the wre bonds
that protrude above the active surface of the | ower sem conductor device. 4
U S. Patent 6,051,886, issued to Fogal et4dal. on April 18, 2000
(hereinafter "the 886 Patent"), discloses such a nulti-chip nodule.
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a sem conduct or
spacers that have been used in stacked semiconductor device arrangements have been

formed from dielectric-coated silicon (which may be cut from scrapped dice) or a

polyimide film. An adhesive material typically secures such a spacer between adjacent
20  semiconductor devices. The use of such preformed spacers is somewhat undesirable

since an additional alignment and assembly step is required for each such spacers. If

silicon spacers are employed, an adhesive must be applied to both surfaces thereof, and

prior passivation of the spacer surfaces may be required to prevent shorting between

two adjacent devices. Proper alignment of a preformed spacer with a semiconductor
25  device requires that a spacer not be positioned over bond pads of the semiconductor

device.

Another example of a conventional MCM is disclosed in U.S. Patent
No. 6,569,709 to Derderian (hereinafter “the ‘709 Patent™), the disclosure of which is
incorporated in its entirety by reference herein. More specifically, the *709 Patent

30  discloses, as shown in FIG. 1 hereof, a conventional assembly including a substrate 20



25 device requires that a spacer not be positioned over bond pads of the
sem conduct or device. Another exanple of a conventional MCMis discl osed
in US. Patent No. 6,569,709 to Derderian (hereinafter "the 709 Patent"),
the disclosure of which is incorporated in its entirety by reference
herein. More specifically, the 709 Patent 30 discloses, as shown in FIG 1
hereof, a conventional assenbly including a substrate 20 5 wth two

sem conduct or devices 30a, 30B (collectively referred to as "sem conduct or
devices 30") positioned thereover in stacked arrangenent. The depicted

substrate 20uaf tiéHSemitOdR ﬁ:tr%@hcés% ANOBIRIRAFR]y Mdrfrddo Qé”’géﬂﬁcoﬂfiuctgp nd

pads, which are referred to herein as contact areas 24, through which
el ectrical 5dwignadld?) mskionedptherdoverdn stwkgul drrafpgemergeni conduct or devi ces 30

carried upon a surface.22 of suhstr te Each contact area 24
corresponds to a t]i’)‘hée SE?{G?I ' é’OP%tE‘i‘tfléE%“%?PB%ef agrumbgpof

sem conduct o ﬂﬁ% t
sem conduct Oléorgl?ﬁl % g?gggm?géﬁgggﬁ r%ig‘ﬁg ﬁ fp‘?tgg%g %A('Y%RB éh E)Pdkllﬁe('?l ﬁlefcmcall ocat ed
bond padss 3431g1ﬁalsf are Stpus éndo@tptu dtood seheivomincRo deﬂoe‘srﬁﬂl‘tlaﬂﬁﬁdalpmfahuﬂfﬁ)ce 22

correspondin nt ac eas 24 of substrate 20 b of discrete
conduct i ve e ?FE%C %3%655 optshe’ h P RORISIP a(yh’@WE%d Zhen ?%a“ﬁB@l ti oned

over, or 9&% de 35 of
second sem co uct%rOP eev(lgf(}reééed@g&&gfé?g%lr%sc dsﬁﬁ)n&?ﬁ? rqu?r om scr ete
conducti ve el enenAdirsi@emiG@adactor daideci®adsisicored td@ubsfr@tefiﬂb Pefiplsegsllyr ed to
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adhesi ve el enen rrse a-t c resin, ernoset resin,

or an epoxy. elémenty3RA.i Asemmuainhwnahdwr U3 ivpoditiahed 00Eg61 T¥Rked,” on
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stresses, may devel op between the sem conductor devices. CTE m smatch
bet ween the element 36 interposed between and secured to active surface 32 of first semiconductor
device 30a and back side 35 of second semiconductor device 30b. The adhesive
element 36 may comprise a thermoplastic resin, a thermoset resin, or an epoxy.
The MCM is conventionally covered with a protective encapsulant. Since conventional
multi-chip modules may be affixed to one another with a continuous adhesive element
20  with mechanical properties e.g., modulus of elasticity, coefficient of thermal
expansion (CTE), etc., which do not precisely correspond to the mechanical properties
of the semiconductor devices or encapsulant materials, stresses, such as thermal
stresses, may develop between the semiconductor devices. CTE mismatch between the
adhesive element and encapsulant material can lead to delamination of components of
25  the assembly and, specifically, of delamination along the interface between a transfer
molded encapsulant of the assembly and the mass, or “pillow,” of adhesive element 36.
A further conventional MCM configuration is disclosed in U.S. Patent
No. 6,531,784 to Shim et al. Particularly, in the disclosed “stacked-die” embodiment, a
second die has been mounted on top of the first die with elongated spacer strips.

30  Conductive wires are bonded to corresponding terminal pads on the first die, channeled

through a corresponding groove in a corresponding spacer strip, then bonded to a



adhesi ve el enent and encapsul ant material can |lead to del am nation of
conponents of 25 the assenbly and, specifically, of delamnation along the
interface between a transfer nolded encapsul ant of the assenbly and the
mass, or "pillow, " of adhesive elenent 36. A further conventional MM
configuration is disclosed in U S. Patent No. 6,531,784 to Shimet al.
Particularly, in the disclosed "stacked-die" enbodinent, a second die has
been nmounted on top of the first die withs el ongated spacer strips. 30
Conductive wires are bonded to corresponding term nal pads on the first
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arrangenent._ 15 I.n one aspect of the present invention, a sem conductor
devi ce assenb?‘}seﬁ!lncl udes a first sem conductor device with a plurality of
spacers gyranged over an active surface thereof, a second sem conductor
device positioned at |east partially over the first sem conductor device,
and di screte conductive el enenDESQLOSURG OP IOVENTAONI east a portion of the
active surface, and extending through at | east one common aperture 20
formed between t hEheprgseat inventien, g pymben pfexemplary anpodiments, imdwdesonduct or
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devices in a stacked arrangement.

15 In one aspect of the present invention, a semiconductor device assembly
includes a first semiconductor device with a plurality of spacers arranged over an active
surface thereof, a second semiconductor device positioned at least partially over the
first semiconductor device, and discrete conductive elements protruding over at least a
portion of the active surface, and extending through at least one common aperture

20  formed between the spacers, the active surface of the first semiconductor die, and the
back side of the second semiconductor device. The spacers are of a height that spaces
the first and second semiconductor devices apart from one another by a distance
substantially the same as a predetermined distance that maintains electrical isolation
between the discrete conductive elements protruding over the active surface of the first

25  semiconductor device and the back side of the second semiconductor device while
minimizing the height of the assembly.

The semiconductor device assembly may also include a substrate, such as a
circuit board, an interposer, another semiconductor device, or leads, that includes
contact areas to which bond pads of at least the first, lowermost, semiconductor device

30  are electrically connected.



the first and second sem conductor devices apart from one another by a

di stance substantially the sane as a predeterm ned di stance that maintains
el ectrical isolation between the discrete conductive el enments protruding
over the active surface of the first 25 sem conductor device and the back
side of the second sem conductor device while mnimzing the height of the
assenbly. The sem conductor device assenbly may al so include a substrate,
such as a circuit board, an interposer, 7another sem conductor device, or
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al t er nat 1¥e, famed ens haek side of e weepnd sesmiconductor device before placing the second

semiconductor device over the first semiconductor device.

Various types of materials, including, without limitation, epoxies, silicones,
silicone-carbon resins, polyimides, and polyurethanes, may be used to form the spacers.
Spacers may comprise an adhesive tape that may be cut to a desired segment shape and
20 adhered to the semiconductor die. In a further alternative, spacers may be formed upon
the semiconductor die by stereolithography or photolithography techniques as known in
the art.
The height of the spacers is selected to space the first and second semiconductor
devices a distance substantially the same as a predetermined distance apart from one
25  another. The spacers are configured to support the second semiconductor device
positioned thereon while maintaining electrical isolation between the back side of the
second semiconductor device and the discrete conductive elements that protrude over
the active surface of the first semiconductor device.
Prior to placement of the second semiconductor device, discrete conductive
30 elements, for example, wire bonds, are placed or formed between the bond pads of the

first semiconductor device and corresponding contact areas of the substrate.



the sem conductor die by stereolithography or photolithography techniques
as known in the art. The height of the spacers is selected to space the
first and second sem conductor devices a distance substantially the sane
as a predeterm ned distance apart fromone 25 another. The spacers are
configured to support the second sem conductor device positioned thereon
whil e maintaining electrical isolation between the back side of the second
sem conductor device and the discrete corgluctive el enments that protrude
over the active surface of the first sem conductor device. Prior to
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connect ed t ocimnitibesidoat inkgpesentadcthe BsefiCordiiciar 8euied, bAaleads. SAledndkel, the
circuit board, an interposer, another sem conductor device, or |eads.
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stacked arrangenent.
15  atleast portions of the discrete conductive elements that contact the back side, or some
combination thereof.
Of course, assemblies incorporating teachings of the present invention may
include more than two semiconductor devices in a stacked arrangement.
Once the semiconductor devices of such an assembly have been assembled with
20 one another and electrically connected with a substrate or with one another, the
assembly may be packaged by encapsulation as known in the art using, for example,
transfer molding, injection molding, pot molding or stereolithographic techniques.
Other features and advantages of the present invention will become apparent to

those of skill in the art through consideration of the ensuing description, the

25  accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a cross-sectional view of a schematic representation of a conventional
semiconductor die assembly;
30 FIG. 2A is a perspective assembly view of one embodiment of an assembly of

the present invention;



Once the sem conductor devices of such an assenbly have been assenbled with
20 one another and electrically connected wth a substrate or with one

anot her, the assenbly nay be packaged by encapsul ation as known in the art
usi ng, for exanple, transfer nolding, injection nolding, pot nolding or
stereolithographic techniques. O her features and advantages of the present

invention wll becone apparent to those of skill in the art through
consi deration of the ensuing description,gthe 25 acconpanyi ng draw ngs, and
t he appended cl ains. BRI EF DESCRI PTION OF DRAWNGS FIG | is a

cross-sectional VFR)’."z%‘;Ti%? y%fsgg&%fe '&EseEL@BIF Ge&UrahdBYr BhbdditidR b8 b&g@gl of

sem conduct or di e asse S a perspective asse
one enbodi nesfithepreaentasatibh;y of the present invention; 9 FIG 2B is a

per spective asserrbldlz vi ew of another epbodi mrent of an assenbly of the
present inventi onf1Ge2E is pEerspediiv@ssspbly vigw of aaether gmbadamensfof ap assgmbly

enbodi nent OSftEQBPeﬁglﬁme\ﬁtioﬁf the present invention; 5 FIGS. 2D(A)- 2D(H)
ectl

are partial pers ve Vi éws of sem conductor dies having differently

confi guredd spacer BIGS: DM aJ-2DOH pars paftal perbietieoviews bEemidtndiktoa dis bhang Vi ews
of sem conductor dies having spacers secured to the surfaces thereof in
di fferent | odiffereaHy configused pacarsequeedde deshefpsecthersptesent at i ons depi cti ng
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representati on of oné’e an assenpl'y “1ncor gs of

the present inteed therof inl diferdnt ISc@iosE:0SS- sectional representation of
anot her enbodi nent_ of an_assenbly _of the present invention, 15 FIG 5 is a
perspective vi ew BIGaRd-hl aressheraatiearapresgntations depeting fabricatiga of freesent

inventiopy F i s. a per Jve view of another enbodinment of an
assenbl y{bof Jflsr?eemgﬁ deglc%d i F?@e_&t,

FIG. 3F is a schematic representation of one embodiment of an assembly
incorporating teachings of the present invention,;
FIG. 4 is a cross-sectional representation of another embodiment of an assembly
of the present invention;
15 FIG. 5 is a perspective view of another embodiment of an assembly of the
present invention;
FIG. 6A is a perspective view of another embodiment of an assembly of the
present invention;
FIG. 6B is a cross-sectional representation of the assembly depicted in FIG. 6A;
20 FIG. 7 is a perspective assembly view of yet another embodiment of an
assembly of the present invention;
FIG. 8A is a schematic representation of a portion of another embodiment of a
semiconductor assembly of the present invention; and
FIG. 8B is a schematic representation of a portion of yet another embodiment of

25  asemiconductor assembly of the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Generally, the present invention contemplates that spacers may be disposed
between adjacent semiconductor devices comprising a MCM. Further, the active
30  surfaces of both of the adjacent semiconductor devices may be oriented in substantially

the same direction. Also, the semiconductor device having an active surface directly



present invention;, FIG 6B is a cross-sectional representation of the
assenbly depicted in FIG 6A; 20 FIG 7 is a perspective assenbly view of
yet anot her enbodi nent of an assenbly of the present invention; FIG 8A is
a schematic representation of a portion of another enbodi ment of a

sem conductor assenbly of the present invention; and FIG 8B is a schematic
representation of a portion of yet another enbodi nent of 25 a

sem conductor assenbly of the present ingyention. BEST MODE(S) FOR CARRYI NG
OUT THE | NVENTI ON Cenerally, the present invention contenplates that
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sem conduc e acti ve surface I'éo CErs“150A

may each i nciedtiagwlar $paees 156AdfspsRd brolkitatewhd flar adraers @R kdmidbedhcf@r abutting
agai nst the back side of another sem conductor device superinmposed over

seni conduct oflevirevi 3ontthoactivg sepfagec2d thaeet. mpycerd A By sachdpelufiesn wppean
adhesive | ayﬁ.([artlfagg 15 g&{\ﬁ Iclsii gr[eict\?gﬁéu%gé for%lllt(t"iplg ggz}‘msl%?hecﬁjatck tsf?:le%f %‘?0 éred segment

shape and ad e ac
semiconductor device superimposed over semiconductor device 130.

15 Spacers 150A may comprise a tape having an adhesive layer on each side
thereof, which may be cut to a desired segment shape and adhered to the active
surface 129 of semiconductor device 130. Alternatively, spacers 150A may be formed
by depositing a hardenable or curable paste or gel of dielectric material upon the active
surface 129 using a dispensing nozzle or a stencil. In a further alternative, spacers may

20  be formed upon the active surface 129 of semiconductor device 130 by
stereolithography or photolithography techniques as known in the art. In
stereolithographic techniques suitable for such an application, a liquid UV-wavelength
light sensitive polymer on the active surface is selectively cured by exposure to a laser
beam of appropriate wavelength at desired spacer locations, the process being repeated

25  for higher spacers to provide multilayer structures. Such an operation may be desirably
performed at the wafer level, prior to die singulation. Photolithographic techniques
involve, for example, application of a layer of dielectric material such as a polyimide to
the active surface of a wafer (by, for example, spraying or spin-coating), followed by
masking with a photoresist, selective exposure of the photoresist to protect the

30  dielectric material at the spacer location, and subsequent etching of the dielectric

material at unprotected locations. Alternatively, photolithography may be used to form



surface 129 of sem conductor device 130. Alternatively, spacers 150A maybe
formed by depositing a hardenable or curable paste or gel of dielectric
mat eri al upon the active surface 129 using a dispensing nozzle or a
stencil. In a further alternative, spacers may 20 be forned upon the active
surface 129 of sem conductor device 130 by stereolithography or

phot ol i t hography techni ques as known in the art. In stereolithographic
techni ques suitable for such an applicatilen, a liquid Wwavel ength 1|ight
sensitive polyner on the active surface is selectively cured by exposure to
a laser  beagmols ARR AREHELA MAKEHISRAK B irdPRARAs S 9bMicaliBf BE NS, the
process being repeated 25 f hi gher spacers to provide nultilayer
structures. ﬂwctcbreastfohmwedbpsel@yebxepaie&lthmhglyanmkforrred at the wafer
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in FIG. 2B, which shows a semiconductor device 130" including both central and

peripheral bond pads 134'.
Spacers 150A may have a height, “Z,” which is configured for allowing wire
20 bonds (not shown) to extend, for example, from bond pads 134 toward either of side
regions 140 and 142 but without exceeding the height “Z.” Such a configuration may
allow for placement of another semiconductor die (not shown), adjacent and
superimposed above active surface 129 of semiconductor device 130 without contacting
wire bonds (not shown) which may extend from centrally located bond pads 134 toward
25  either of side regions 140 or 142.

In another exemplary embodiment according to the present invention depicted
in FIG. 2B, semiconductor device 130" may comprise bond pads 134 and substantially
cylindrical spacers 150B disposed proximate the four comners of semiconductor
device 130" on the active surface 129 thereof. Spacers 150B may each include an upper

30 surface 151B, which are configured for abuiting against the back side of another

semiconductor device superimposed over semiconductor device 130",



15 havi ng any nunber of bond pads 134, such as the bond pads 134" in FIG
2C, which are shown in a parallel, centrally | ocated doubl e-row formation
or, alternatively, as shown in FIG 2B, which shows a sem conductor device
130" i ncludi ng both central and peripheral bond pads 134'. Spacers 150A may
have a height, "Z," which is configured for allowng wire 20 bonds (not
shown) to extend, for exanple, from bond pads 134 toward either of side
regi ons 140 and 142 but without exceedi ng2the height "Z. " Such a
configuration may allow for placenent of another sem conductor die (not

shoun) . adj acent ASShHPEIFITDIB AbnaRUE1 Ay Be SiiaE End aduila SaTpandUCt Of

device 130 without contacting Wwre bonds (not s may extendd from
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si de regi on 3uplarly, fids (rgtom ddahetveenspacers F H frpm the astive surfaged@d af2g of
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cont | gur i 1P dRRel dekicd P 28 Wl 2 ofhac R Al o 70

bonds (not sfoppaysitpweabiomiy (hdtehvwh) dxearlingoiien af lehande opbaR] phdd134' @ a
position exceeding the_periphery of the sem conductor device 130

Simlarly, sPdiGlegcendinghe perphtseet thpseraicendusts deyiger 3he Faethes &dgur f ace
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sem conduct or _ device 130'. Further, side

wire bonds (not shown) extending from at least one of bond pads 134’ to a position
exceeding the periphery of the semiconductor device 130’. Also, side region 136
between spacers 150B from the active surface 129’ of semiconductor device 130’ to
height “Z” of spacers 150B may be sized and configured for passing wire bonds (not
shown) extending from at least one of bond pads 134' to a position exceeding the

20  periphery of the semiconductor device 130’ . As explained in more detail hereinbelow,
wire bonds may extend to a common substrate that is sized and configured for electrical
connection of the MCM to other devices.

FIG. 2C shows an exploded view of an semiconductor device assembly 90

including a first semiconductor device 132A and a second semiconductor device 132B,

25  which are configured to be superimposed adjacent one another and affixed to one
another to form an MCM according to the present invention. However, as shown in
FIG. 2C, substantially cylindrical spacers 150B are disposed on the back side 135B of
second semiconductor device 132B. Spacers 150B may each include a lower
surface 151C, which are configured for abutting against the active surface 129A of first

30  semiconductor device 132A. Thus, spacers may be applied to or formed on the active

surface of the first semiconductor die, on the back side of the second semiconductor



region 138 between spacers 150B fromthe active surface 129" of

sem conductor device 130" to height "Z" of spacers 150B may be sized and
configured for passing 15 wire bonds (not shown) extending fromat | east
one of bond pads 134' to a position exceeding the periphery of the

sem conductor device 130'. Also, side region 136 between spacers 150B from
the active surface 129' of sem conductor device 130" to height "Z" of
spacers 150B may be sized and configuredl¥or passing wire bonds (not
shown) extending fromat |east one of bond pads 134' to a position
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90 incl udi ﬁ@lléat*PFf st semi conductor device 132A and a second seni conduct or
device 132B, 25 -fi choAfifvaARhicOheRBIAQ the (P s magsRdmetiacent one
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2D(G . As shown in FIG 2D(A-H), spacers 150 incl
15  surface 129 of semicondulc;{)or devrice 132 ora baclr(rgi)(/ie 13§ thlé:geeof,a without limitation.

Furthermore, the present invention also contemplates a multitude of bond pad
and spacer arrangements. By way of example, and not to limit the scope of the present
invention, FIGS. 2E-2L illustrate various exemplary arrangements of spacers 150 on the
active surface 129 of a semiconductor device in relation to bond pads 134. In FIG. 2E,

20  two substantially cylindrical spacers 150 are located near adjacent corners 155, and a
third spacer 150 is located between corners 155 on the opposite peripheral edge 157 of
the semiconductor device. In FIG. 2F, a spacer 150 is located near each of the four
comers 155 of active surface 129. Only two cylindrical spacers 150 are used in the
embodiment of FIG. 2G, each spacer 150 being positioned adjacent opposite peripheral

25  edges 157 of the semiconductor device on opposite peripheral edges 157 of the
centrally located rows of bond pads 134. Of course, the diameter of the cylinders may
be greater than the lateral dimensions of spaces of other arrangements, to provide
adequate stability for the upper semiconductor device. FIGS. 21 and 2J illustrate the use
of spacers 150 with generally triangular and generally square cross-sections,

30 respectively, positioned at corners 155 of active surface 129. In FIG. 2H, four

elongated spacers 150 are shown, two spacers 150 each being located adjacent to a



surface 151 for matingly engaging an active surface or back side of another
sem conduct or device (not shown). Spacers 150 alternatively may be forned
by dispensing dots. The surface 151 of spacers 150 formed by di spensing
dots may be rounded or include a projecting tail. Spacers 150 may be
positioned on an active 15 surface 129 of sem conductor device 132 or a
back side 135 thereof, without limtation. Furthernore, the present
invention also contenplates a nultitude @i bond pad and spacer
arrangenments. By way of exanple, and not to limt the scope of the present
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superimposed with respect to one another and separated by spacers positioned
therebetween, may be sized for providing a common aperture, respectively, for ingress
and egress of discrete conductive elements for electrical connection to other electrical
20  components, such as, for instance, the connection pads of an interposer. Specifically, at
least one common aperture along a peripheral edge or side region may be sized and
configured for accommodating a plurality of wire bonds extending therethrough and,
optionally to the connection pads of an interposer.
Although the spacers 150 shown in FIGS. 2E-2L are shown as being positioned
25  on the active surface 129 of a semiconductor device for providing an aperture for
ingress and egress of discrete conductive elements, the present invention also
contemplates, as shown in FIG. 8A, that spacers 850 may be formed over the discrete
conductive elements 838 following electrical connection. Spacers 850 may be
positioned over bond pads 834 of first semiconductor device 830A, and second
30  semiconductor device 830B is positioned over the first semiconductor device 830A in

relation thereto by spacers 850. Alternatively, as shown in FIG. 8B, second



bei ng positioned on the active surface 129 of a | ower sem conductor device,
the present 10 invention al so contenpl ates that spacers 150 may be
positioned on the back side of an wupper sem conductor device, as shown in
FIG 2C. Thus, it may be appreciated that the bond pads on the active
surface of the sem conductor device may be configured in relationship to

the size and position of the spacers, as illustrated by FIGS. 2E-2L for
provi ding sufficient accessibility to thqse 15 bond pads positioned
centrally. In nore detail, at |east one of the side regions of a
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i of the semiconductor devices, stresses, such as thermal stresses, may develop between
the semiconductor devices. It should be noted that the present invention does not
preclude the use of additional structure to affix the stacked semiconductor devices, such
as, for example, introduction of a dielectric underfill layer therebetween. In such an
instance, the spaced relationship of the stacked semiconductor devices and the open
20  spaces between the spacers at the periphery of the assembly provides more than
adequate space to accommodate expansion or contraction of the interposed dielectric
material while it is curing or otherwise hardening.
Turning now to FIGS. 3A-3E, an exemplary method for fabricating
assembly 110 is illustrated.
25 As shown in FIG. 3A, a substrate 120, in this case an interposer, is provided. Of
course, the use of other types of substrates, such as circuit boards, semiconductor
devices, leads, and the like, in assemblies and assembly methods incorporating
teachings of the present invention are also within the scope of the present invention.
Accordingly, substrate 120 may be formed from silicon, glass, ceramic, an organic
30  materal (e.g, FR-4 or FR-5 resin laminate), metal {e.g., copper, aluminum, etc.), or any

other suitable material. Contact areas 124, shown in the form of bond pads, are



anot her sem conductor die is superinposed. Another aspect of a multi-chip
nodul e arrangenent of the present invention nmay be particularly desirable,
as discussed below. A multi-chip nodule according to the present invention
may devel op thermal 10 stresses of |ower nagnitudes because direct

af fi xati on between stacked sem conductor dice may be limted to the
mechani cal coupling due to the interposed spacers. Since conventional

mul ti-chip nodul es may be affixed to onejgnother with a continuous |ayer

of adhesive with nechanical properties (e.g., nodulus of elasticity,
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region 123 of surface 122 by way of first adhesive
15  surface 129 of first semiconductor device 130A. Upon curing, the predetermined
quantity of adhesive material may cause a subsequently positioned second
semiconductor device 130B (FIG. 3D) to be spaced a distance substantially the same as
a predetermined distance apart from first semiconductor device 130A. However, the
second semiconductor device 130B may be positioned over the first semiconductor
20 device 130A prior to curing of the adhesive material if the adhesive material in an
uncured state provides adequate mechanical support and, therefore, curing of the
adhesive material may be used to affix the first semiconductor device 130A to the
second semiconductor device 130B.
As may be appreciated, a suitable adhesive material may preferably have
25  sufficient viscosity or surface tension to resist excessive spreading or flowing off of the
active surface 129 of the first semiconductor device 130A. However, the viscosity of
adhesive material may permit a quantity thereof to spread out somewhat when placed
on active surface 129, but while remaining relatively thick. By way of example only,
adhesive material may comprise an epoxy, a silicone, a silicone-carbon resin, a
30  polyimide, an acrylate or a polyurethane. Some suitable dielectric adhesive materials

are those available from Loctite/Henkel, formerly Dexter Corporation of Industry,



5 elenment 126. By way of exanple, first adhesive el enent 126 may conprise
an adhesive-coated structure, such as a polyimde film or a quantity of
adhesive material (e.g., thernoset resin, thernoplastic resin, epoxy,
etc.). Discrete conductive elenents 13 8A, depicted as bond wires in FIG
3B, are forned or placed as well known in the art using a wire bond
capillary between bond pads 134 of first sem conductor 10 device 130A and
their correspondi ng contact areas 124 of jgubstrate 120. FIG 3C illustrates
that two or nore spacers 150A nay then be positioned upon the active

surface 129 éilit%%.ga,fah& ?.\[e @%Wn%@ M Q¥ & cl\i&%?dﬁf#gﬁﬁ% abﬂés%g.céthe? vol ume

of adhesi ve nay applired in a predétérmn orma spacer 150A,
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etc.) on active 15 surface 129 of first sem conductor device 130A. Upon
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spaced a di stance substanti a Yy e Sane as pre etermne 'St ance apart

fromfirsgg sgiliignasdis@iomaldnnide (BIMBDA. However, the second sem conductor
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appreci ated, a suitable adhesive material may preferably have 25 sufficient

vi scosity oroffinst sgpdcandustondevies 1304, sThecthiskpess\é” spthealgnblg-sisted tapsunaygbeof f

f th ti f 29 of .the first . tQr .deyj 0A. :
The vi scili t il saRaene Bachaiderisbd ek SRt s | BulE ol cr
out somewhat hatieserdd eGRitctiRel@RéltY e384I §adea dotBiguRivibn Wiy r&duc8 ORbRVEE
relatively thick. By way of exanple only, adhesive material nay conprise

an epoxy, a ele¢tiicdsborting of Hiechseeste apnsmtivedementa 139A yothyineiadetheror with y| at e
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Abl est i k]15 Hi swutdee 12%ahfitsosamiconductor device 130A prior to formation of discrete
conductive elements 138A. Thus, the size and position of spacers 150A may be
selected so as to not interfere with formation of discrete conductive elements 138A.
For instance, the size and position of spacers 150A may be selected so as to not
interfere with a wire bond capillary as employed in a wire bonding process. Such a
20 process sequence may reduce manufacturing cycle times by enabling simultaneous
formation of spacers on a number of semiconductor devices (for example, by
stereolithography, photolithography, stenciling, etc., while the semiconductor devices
are still at the wafer level. In addition, as illustrated in FIG. 2C, alternatively, spacers
may be disposed on the back side of the second semiconductor device 130B.
25 As depicted in FIG. 3D, second semiconductor device 130B may be aligned
with and positioned over first semiconductor device 130A in a substantially parallel,
planar relationship thereto and placed upon spacers 150A. For instance, a pick and
place device may be used to align, position and place second semiconductor
device 130B upon spacers 150A. The second semiconductor device 130B may be
30  substantially the same size as the first semiconductor device 130A resulting in a

same/similar size die stack as depicted in FIG. 3D. Alternatively the second



and Advanced Applied Adhesive. A suitable polyimde is polyam dei m de
(PAI), marked under the trademark Torlon by Anobco Corporation. Another
suitable 5 polyimde is Bisnaleimde (BM). Alternatively, a so-called
doubl e-si ded tape conprising a dielectric filmhaving an adhesive applied
to each side thereof nmay be enployed to form spacers 150A. For instance,
di screte pieces of doubl e-sided tape nay be placed upon the active surface
129 of first sem conductor device 130A jghe thickness "Z" of the

doubl e-si ded tape may be 10 selected so that the back side of the second

bl e- s _ 5 back _
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conductive elenents 1T38A Frys € size and position of spacers 150A nay

be selected so agpfiéhall9}pridtt®adsemblyWfisbcondsbmicofductdr déivies 11808 weItiisict | ve
el ements 13 8A. For instance, the size and position of spacers 150A may be
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a wire bonding.process,. ,Such 20 .process guence nmay r ce. manuf act uring
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device 130A in a substantially parallel, planar relationship thereto and

pl aced upon syuzicenductdsdevicdbi0B, mayaniibit onpisivent elesticabshaotinedwthes nay be
spacer s 150AndrREle EEEASORLBREAEPET "devi ce 1308 may be 30 substantially
the same size as Mife fddefdilySEatk GRIRAGS 0P kecdBY k&iRicd R ASHiLE 1 3B hidy Be
same/simlar size die stack as depicted in FIG 3D. Alternatively the
second 1B electrically isolated from discrete conductive elements 138A that extend above the
active surface 129 of first semiconductor device 130A by being spaced apart therefrom,
by dielectric coating on at least contacting portions of one or both of discrete
conductive elements 138A and back side 135, or by any combination of spacing and
dielectric coating(s). A dielectric coating may be easily formed on the back side 135
20  using, for example, spin coating of a polyimide, oxidation or nitridation of the
semiconductor material of the back side 135, application of an adhesive-coated
dielectric film, or other known technique.
First semiconductor device 130A and second semiconductor device 130B are
substantially spaced a set distance apart from one another, which set distance may or
25  may not be equal to the predetermined distance, depending upon whether or not
spacers 150A expand or contract upon curing or hardening. Of course, thermoplastic
adhesive materials may harden upon cooling, while other types of adhesive materials
may be cured in a manner that depends upon the type of curable adhesive material
employed and result in at least somewhat resilient structures. By way of example only, .

30  snap curing processes, heat curing processes, chemical (in situ) curing, UV curing

processes, microwave curing processes, or any suitable combination thereof (e.g., UV



sem conductor device 130B may be snmaller than the first sem conductor
device 130A, resulting in a pyramd die stack. Additionally, it will be
appreciated that an inverted pyramd stack may be forned, the second

sem conduct or device 130B being larger than the first sem conductor device
130A. 5 Optionally, prior to assenbly of second sem conductor device 130B
with first sem conductor device 130A, discrete conductive elenents 138A
may be at least partially insulated withga dielectric coating. Such
coating may be effected by dispensing a |ow viscosity dielectric materi al
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of a polyimde, oxidation or nitridation of the sem conductor nateri al
of the back etmmuniggionapith theirtcogrspondiag cantaetsireas-126 of substraiedBca ric film

or other,known,techni que., Fi,rst sem,conducter devi ge 130 d cond
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from one anoidngtendibios Bevied 1305 2a0/GE sdtBY’d KmiceRIueRY dBdite DEOBCFIM. 3F0 t he
predet ermi ned di stance, dependi ng upon whet her or not spacers 150A expand
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chemi cal 1§ i nFKu.t3k) a’stgreioligxogtaphi;a}iy felpricated packaée, or a glob top type overcoat. As
noted previously, a dielectric underfill material may be introduced between
semiconductor devices 130A and 130B after assembly thereof. Of course, known
materials and processes may be used to form protective encapsulant 40. In the molded
package example, protective encapsulant 40 may be formed from a transfer molding
20  compound (e.g., a two-part silicon particle-filled epoxy) using known transfer molding
processes, which may employ thermoset resins or thermoplastic polymers, or
pot-molded using a thermosetting resin or an epoxy compound. In the
stereolithography example, protective encapsulant 40 may comprise a plurality of at
least partially superimposed, contiguous, mutually adhered material layers. For
25  example, each layer may be formed by selectively curing ( e.g., with a UV laser)
regions of a layer of photocurable (e.g., UV curable) material, as known in the
stereolithography art. When protective encapsulant 40 is a glob top, suitable glob top
materials (e.g., epoxy, silicone, silicone-carbon resin, polyimide, polyurethane, etc.)

may be dispensed, as known in the art, to form protective encapsulant 40,



processes, mnicrowave curing processes, or any suitable conbination thereof
(e.g., WV 19 curing an exposed, outer portion of adhesive material, then
heat curing the interior portions thereof) nay be used to cure a spacer
150A conprising a curable adhesive material to at |least a sem solid state.
Next, as shown in FIG 3E, discrete conductive elenments 138B, again wire 5
bonds by way of exanple, nmay be positioned between bond pads 134 of second
sem conduct or device 130B and correspondppg contact areas 124 of substrate
120 to electrically connect bond pads 134 and contact areas 124. Once bond
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15  appropriate thermoset resin, a quantity of pressure sensitive adhesive, an
adhesive-coated film or tape, or the like. Bond pads 134 of first semiconductor
device 130A communicate with corresponding contact areas 124 of substrate 120 by
way of discrete conductive elements 138A, such as the illustrated bond wires,
tape-automated bond (TAB) elements comprising traces carried on a flexible dielectric
20  film, other thermocompression bonded leads, and other known types of conductive
elements. However, at least one of the bond pads 134 of the first semiconductor
device 130A may be located centrally.
Second semiconductor device 130B may be positioned over, or “stacked” on,
first semiconductor device 130A. A back side 135 of second semiconductor
25  device 130B may be electrically isolated from discrete conductive elements 138A either
by being spaced apart therefrom or by way of dielectric coatings on at least portions of
discrete conductive elements 138A that may contact back side 135. Alternatively, back
side 135 may include dielectric coatings on at least portions thereof that contact discrete
conductive elements 138A. Second semiconductor device 130B may be secured to first

30  semiconductor device 130A by way of spacers 150A interposed between and secured to

active surface 129 of first semiconductor device 130A and back side 135 of second



may be di spensed, as known in the art, to formprotective encapsul ant 40.
20 Encapsul ant 40 may fl ow between first sem conductor device 130A and
second sem conductor device 130B and around discrete conductive

el enments'| 3 8A. Such encapsulant disposed about discrete conductive

el ements 138A may electrically isolate discrete conductive elenents 138A
from back side 135 of second sem conductor 5 device 130B. An MCM assenbly
according to the present invention will next be described wth continued
reference to FIGS. 3E and 3F. The depicted substrate 120 is an i nterposer
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el ement s C O d-Sthgteok R Sic. § Ay bedsen f%rfekzﬁffﬁl@,' lﬁ;uﬁjd @ﬂc‘ﬁﬁéu‘ld:ﬁ nétterial S ot her
t her nroconpr essi on” bonded | eads, and ot her known types of conductive

el ements. HosweWE707 by Kudisks &BudfadhdusteesiaddiliosdSroi8 APemhsylvnid, iand similar

sem conduct or _ devi ce .130A be |.ocat trally. Second sem conduct or
devi ce 130B Patrrigls SB@;@%S%%?%P%W“’%?S 6@4@35@&@’ brsed. | rst seni conduct or
device 130A A bagknebdlf 13335 8o SaRLoRRRI ARALE 1 0B fidy BE KlceRicHIPE may be

electrically isolated I screte conductive el enents” 138A either by
bei ng spacedcamacted tcherespanding conjachargasof24difeliesttatd 120dyavayngfsismetat | east

portions of discrete cond [ ve. el enent.s 138A t hat contact back side
135. Al t er naffRfuFyye derpets L1k §§°@twdpﬂb‘1°§&f‘@%ﬁt%1@W&cwqeﬁg% on at
least porti opgrdiiehiBhd bWt T AR eléthaifts, &Hifer thermocompression bonded leads, or

15  any other known type of discrete conductive element for extending between and

establishing the desired communication between a bond pad 134 and its corresponding
contact area 124.
Assembly 110 may also include a plurality of discrete external connective

elements 114 carried by substrate 120 and in electrical communication with contact

20  areas 124 through vias (not shown) and traces (not shown) of substrate 120, such as the
depicted solder balls, conductive pins, conductive lands or any other conductive
structures that are suitable for interconnecting assembly 110 with other, external
electronic components. Finally, assembly 110 may be encapsulated as depicted in
FIG. 3F, using any suitable encapsulant 40.

25 In another aspect of the present invention, as illustrated in FIG. 4, an
assembly 110 may include more than two semiconductor devices 130. Each additional
semiconductor device 130 may be added to assembly 110 in a manner similar to that
described in reference to FIGS. 3D-3E. It should also be appreciated that the present
invention contemplates more than three semiconductor devices in a stacked

30 arrangement.



conductive el enents 138A. Second sem conductor device 130B may be secured
to first 30 sem conductor device 130A by way of spacers 150A interposed

bet ween and secured to active surface 129 of first sem conductor device
130A and back side 135 of second 21 sem conductor device 130B. By way of
exanpl e only, spacers 150A may conprise a thernoplastic resin, a thernoset
resin, an epoxy, or any other suitable material that, upon at | east

partial curing, will adhere to and substantially maintain the desired
relative positions of first and second sem conductor devices 130A, 130B. 5

O course, optiongl] d vi ousl v, noted,, t he .space bet wee i rst
sem conduct or de\r)lﬁl cae%“fggrﬁs §$%%£g186)ﬁ%f°%telﬂ¥%’ IHHU%%?I)]B@W _Sf\gﬁ"és ®be
under fi | | ed, presént kfveution, Bwé bEmodrd sidddRyired lﬁﬂﬁ{eﬁiblefweem&ﬁﬂl?@kiﬁg b@fibes of
t hernoset resins, two-sStage epoxies, etc.) nmay be used. For exanpl e,

liquid encafaeked semicanduciofidevigbsiman providpaicdsy to hidi pade ofoneSdthicastackddist r i es

of WIIow Gs?e\{r(ﬁc Pu(r:ms tjw\/ani a, and simlar 10 materials sold by Dexter
Cor poration as ©5 rlr%eﬁ be used. Bond pads 134 of second sem conduct or

device 130B may bEogh@gdde] Bt 15%howe BPEGH&HvE 9ietOs RSRUMNINI1 ¢ fdbAfte RF €as
124 of substrate 120 by way of discrete conductive el enents 138B. % screte

conducti ve ethepegsert inggEonmherstmp firg eermicendusfordevien 23 &h evy bosecunddtos, TAB

el enents, other, .t conpressi on, bonded | ,_Qr 15 any other known type
of discrete %“g’_ﬁ‘&%??@g? &aﬁﬁéﬁ?“ﬁ‘Baheé‘kVteeeﬁed‘i‘?ﬁgagéﬁb@b?? gt 4Bl i shing the
desired commbpraoieRRdsdEREIn2a ROMILPADrdsdtreaBkitideSadhediy&aRONdi ng  cont act

area 124. Assenbly 110 may also include a plurality of discrete external
connective adhepizerceated film ar tapedritlye lileh A seaped @ficambicton deviec 23GR; avhich

comuni cgtion with.cont.act. 20.a 24 .t hrough,vi.as ot shown)..and traces
(ot sholthy Bt epaliait umic] B¥ctimitonefufy e oRamms B done
conductive phig, orQ‘@ﬁéﬁt&‘a"'oi'i,eﬁﬂs%};‘ﬁﬁc&{du%)'dwi&eﬂﬂf?']gfé&reﬁvc%ndﬁtir\fém ures that
are suitable for interconnecting assenbly I 10 with other, external

el ectroni ¢ celmponte 3B8A aftesnbond pads 334w IthyrodgiOtherside peremesfosmedibadeasthe

depicted in FIG 3F,. usi any.sui.table . en sul.ant 40. 25 In anot her
aspect of th‘éppé’rS’élgé‘H'Efa(ieﬁ\‘?g isﬁﬁ\é‘,lco dugter é’{CF%ﬁg{g&’%ﬁ% |G 4, an assembly 110

may include nmore $HaerstWo ngS BeGRBAALPhrodRYdte &2 h barr oA beRWckint firgnal
15  semiconductor device 230A and second semiconductor device 230B. Spacers 250 may
comprise a quantity of an appropriate thermoset resin, a quantity of pressure sensitive
adhesive, an adhesive-coated film or tape, or the like. Accordingly, spacers 250 may
position first semiconductor device 230A in relation to second semiconductor
device 230B. Further, spacers 250 may affix first semiconductor device 230A to
20 second semiconductor device 230B.

A back side 235 of second semiconductor device 230B may be electrically
isolated from discrete conductive elements 238B either by being spaced apart therefrom
or by way of dielectric coatings on at least portions of discrete conductive
elements 238B that may potentially contact one another. Alternatively, back side 235

25  may include dielectric coatings on at least portions thereof that may potentially contact
discrete conductive elements 238A.

As shown in FIG. 5, bond pads 234B of second semiconductor device 230B
may be electrically connected to corresponding contact areas 224 of substrate 220 by
way of discrete conductive elements 238B. Discrete conductive elements 238B may

30 comprise the aforementioned bond wires, TAB elements, other thermocompression

bonded leads, or any other known type of discrete conductive element for extending



sem conductor device 13 0 may be added to assenbly 110 in a manner simlar
to that described in reference to FIGS. 3D-3E. It should al so be
appreciated that the present invention contenplates nore than three

sem conductor devices in a stacked 30 arrangenent. 22 In a further aspect
of the present invention, by enploying the spacers of the present

I nvention, two or nore side apertures fornmed between the opposing surfaces
of stacked sem conductor devices nay proyi de access to bond pads of one of
t he stacked sem conductor devices. 5 For instance, FIG 5 shows a

her oin o 11 PR ARRRI Y e e A8 b Benlclf oBRRT B AABELT

by way of a ddrfesporriifipasmniet &ee BNt TR freseht iiveforPmai&itbininodate various bond
appropriate thernpset resin, a quantity of pressure sensitive adhesive, an
adhesi ve- coapaseonfigwirtens: Hseshown in KEG 3, lbend padse3dBsonwrise beth genteillydevi ce

230B, which [10 b u ntial,ly Ldentical first . sem,conductor device
230A, may bel%ﬁl‘gg? tg?%ﬁ%afﬁis Bﬁ{l’%as wa ag??%@?é%ﬁqg%a?&f?op gtpa(sisefn:’m(‘%nduct or device
230A. Di sgrete cogehtgilly the RERIEMVENtDA BiteRPIASSthX (apate dstdde t hr ough t he
side apertures fornmed between the opposing surfaces of the sem conductor

devi ces 230Acond8cBe ebparrts mayp Silrera poymop@pertire herenedrbsiwasn two serpisondictar  of

and between first 15 sem conductqr devi 230A and. secand ,sem uct or
dovi ce. 230, Iefike PRt LREE dhmhls 255 SR BVePRERS G, F I 8y
thernoset regitbhd RoMWBHE Fﬁdﬁ D4 APrRASROUSh 8 OMlrddn\sRle APERQE if¥@redHRtween
adhesi ve-coated filmor tape, or the |rke. Accordi ngl y, spacers 250 may

posi tion firgdiscrsterspacenulfd), the agtivé sufae ofithedirstskmtidosdudter deyire@d0A and the

sem condyct o evj 230B. Furft her. cers.2 affix first .

s condlitt opSHCESHIgR s B it LR o Pb P EUPERITNE A back
side 235 of sqeRpShdRItRRYHChOI A BRASIR My be electrically isolated
fromdiscrete conductive el ements 238B either by being spaced apart

therefrom or by Whys,dfe meshtioveitionguetidespscapfigatatibe ageregosanduetsveof
o screle conduc e ol SEn, 22 08, hak IR Roheut Al rSontach 8B
on at |east PRLOSaloMR S&hicbAictdrRiéviRe i EMsitRInkd SRR least one common

15  aperture formed between spacers, the active surface of the semiconductor die over
which another semiconductor device is positioned, and the back side surface of the
another semiconductor device. Alternatively, it may be advantageous to provide a
plurality of peripheral or side apertures for the ingress and egress of discrete conductive
elements, such as wire bonds.

20 For instance, FIGS. 6A and 6B show another embodiment of the invention,
multi-chip module 211. Centrally located bond pads (not shown) on first
semiconductor device 230A are electrically connected to corresponding contact
areas 224 A of substrate 220 by way of discrete conductive elements 238A. The discrete
conductive elements 238 A pass between spacers 250. A common aperture exists

25  between spacers 250, the active surface of the first semiconductor device 230A, and the
back side 235 of second semiconductor device 230B. Centrally located bond
pads 234B of second semiconductor device 230B are electrically connected to
corresponding contact areas 224B (FIG. 6B) of substrate 220 by way of discrete
conductive elements 238B. Contact areas 224 A and 224B are arranged on the

30  substrate 220 adjacent opposing sides of first semiconductor device 230A, allowing

electrically isolation between discrete conductive elements 238A and 238B.



di screte conductive el ements 238A. As shown in FIG 5, bond pads 234B of
second sem conductor device 230B nmy be electrically connected to
correspondi ng contact areas 224 of substrate 220 by way of discrete
conductive el enents 238B. Discrete conductive elenents 238B nay 30 conprise
the aforenenti oned bond wires, TAB el enents, other thernoconpression

bonded | eads, or any other known type of discrete conductive elenent for
extendi ng 23 between and establishing theqdesired comruni cati on between a
bond pad 234B and its correspondi ng contact area 224. The present

I nvention may accpfggi var | fd ' . own in
FIG 5, bond pads ?é@tﬁpa?liegg%agt?ﬁ&g eﬁﬁ?%?’%%fggg%gééﬁﬁo}id g}g Z 34B as
wel | as perijpheitin| pultbetdh atbdarad 0p adslti noBulesne irklddés a fing present

i nvention contenplates that at |east two discrete conductive el enents my

share a conmisiggeuetor deviesr Tdd afBxokwrsubsients 22, enha sreond serdigondistor Di scret e

duct i | eF 238A of first i cond devi ce 230A tend
from bond padid GaRBa e rrB griisoRSRmoRveE a3t Litsfifna pitr TR E: veon
di scr et e 55pagaiisondbbtor 88cATANAVISY pbsiGehedfin kdIftidnl théretoIHpanslysy, Yhidevi ce

230A and the 10 back side 235 of the second seni conductor device 230B for
comuni cat i ofkteld from dlasr bask sisla@if serond semiconductsaslevipd 3HIB tutbs aetisesuf2@ of Thus,

the present jn tion proyides. a fi,guration erei n conductive elements
my oxtond fTONE seBtoPRI e 508 a R e R R RERATE: o “aev: ce
over whi ch am@lhetip sRiduI1UEE DowieN FIG. 7, Sndtdfiabied PRl of MoRLGIE &k | east one
common 15 aperture forned between spacers, the active surface of the

seni conduct ofondhetiveedgmenishd I8, ariietheass dwonghdhel eparare fhowed betivsemposi t i oned,

dth k sid . of th h i conduyct i :
At er nat 1Dl P8 3R e Rt S o B e RO SR R 4 basksidbner
or side aper §fie8snd RmidiBuiiBOds s RO, A6R6verOthe BbFpl@f AREHICt i ve

el ements, such as wire bonds. 20 For instance, FIGS." 6A and 6B show anot her
ermbodi ment o$emipenduptpe deviea330Anark airangedin bolthecara] regiontand (theyperipberabd bond

pads (nol, shou, o il sttt on o ce a0n g slscliically
di screte congidGirhNRdldpRBR eacP s8N of TREsefliSsHdRE®r device 330A. Centrally located

15  bond pads 334A and peripheral bond pads 334B are electrically connected by way of

discrete conductive elements 338A to corresponding contact areas 324 of substrate 320.
As will be appreciated by those of ordinary skill in the art, the present invention

conserves material in comparison to adhesive “pillow” spacing techniques and

avoids CTE mismatch problems associated with the interface between the adhesive and

20  transfer mold compound along the interface therebetween, reduces the volume of
material required as well as the number of process steps in comparison to the use of
silicon or other preformed spacers requiring application of an adhesive thereto and
provides an extremely flexible, simple yet robust packaging method and resulting end
product.

25 Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some exemplary embodiments. Similarly, other embodiments of the
invention may be devised that do not depart from the spirit or scope of the present
invention. Features from different embodiments may be employed in combination.

30  The scope of the invention is, therefore, indicated and limited only by the appended

claims and their legal equivalents, rather than by the foregoing description. All



conductive el enents 238A pass between spacers 250. A commobn aperture exists
25 between spacers 250, the active surface of the first sem conduct or

devi ce 230A, and the back side 235 of second sem conductor device 230B.
Centrally | ocated bond pads 234B of second sem conductor device 230B are

el ectrically connected to corresponding contact areas 224B (FIG 6B) of
substrate 220 by way of discrete conductive elenents 238B. Contact areas
224A and 224B are arranged on the 30 substrate 220 adjacent opposing sides
of first sem conductor device 230A, allowmng electrically isolation

bet ween di scrgte co ctive,el ement.s 2 and 238B. .24 Fl 7 i an
expl oded peras‘@glﬁnis’\fgeﬁj#’ioé‘%agf] nbcﬁlgltlg‘f?il?n %3@%}%% Ol > glﬁéosﬁdp\?reeﬁ?’sgrﬁ%}%aﬁ
nul ti-chip nRAkhehSheaniMhdd scopé Bf e dlaifs arkQo boeibEbesd thefeby St

sem conduct or device 330A affixed to substrate 320, and a second

sem conductor device 330B. The second sem conductor device 330B is
positioned over the first 5 sem conductor device 330A and is positioned in
relation thereto by spacers 350, which extend fromthe back side of second
sem conductor device 330B to the active surface of the first sem conductor
devi ce 330A. Additionally, each peripheral region of a nulti-chip nodule
310, as shown in FIG 7, enconpasses two or nore discrete conductive

el enents 338A, which pass through the aperture formed between 10 spacers
350, the active surface of the first sem conductor device 330A and the back
side of second sem conductor device 330B. Mreover, the bond pads of the
first sem conductor device 330A are arranged in both the central region
and the peripheral region of the active surface of the first sem conductor
devi ce 330A. Contact areas 324 are arranged adjacent each side of first
sem conduct or device 330A. Centrally | ocated 15 bond pads 334A and

peri pheral bond pads 334B are electrically connected by way of discrete
conductive el enents 338A to correspondi ng contact areas 324 of substrate
320. As will be appreciated by those of ordinary skill in the art, the
present invention conserves material in conparison to adhesive "pillow
spaci ng techni ques and avoids CTE m snatch probl ens associated wth the
interface between the adhesive and 20 transfer nold conpound al ong the
interface therebetween, reduces the volune of material required as well as
t he nunber of process steps in conparison to the use of



silicon or other preforned spacers requiring application of an adhesive
thereto and provides an extrenely flexible, sinple yet robust packagi ng
nmet hod and resulting end product. 25 Although the foregoing description
contains many specifics, these should not be construed as limting the
scope of the present invention, but nerely as providing illustrations of
sone exenplary enbodi nents. Simlarly, other enbodi nents of the invention
may be devised that do not depart fromthg spirit or scope of the present
invention. Features fromdifferent enbodi nents may be enployed in

conbi nati on. 30 The scope of the invenﬁ%g@w@s, therefore, indicated and
limted only by the appended clains a gir | egal equival ents, rather
than by the hZoaegeldgedlgscri ption. Al 25 additions, deletions, and

nodi fications to the invention, as disclosed herein, which fall wthin the
meani ng and scope of the clains are to be enbraced thereby. 26 CLAI M5 Wat

is clainmed is: 1., A multi-chip nodyle, conmprising: 5 a substrate conprising
contact areas on !31 sur#‘él_&'gﬁfchﬁlr@fﬂ%le’afompf@n{%%em conduct or device, the first
sem condurt of siihie RoMPMbiRG camtad@lda¥ 8n 8 ¥hffaeaherbd! uding a plurality of

bond pads thereon and an opposing, back side, affixed to the substrate; a
second sem cofithtsericontigtor devicd dheshrsbsanisenducton derdcohaviigdnestivasirfage a back

side; 10 a plurality.of acers..interposed between the first. .senj.conductor
devi ce active surf§ mga?rfﬁﬁ?ﬁ@/ @&88&aa(gsetﬁ?rgg%mj{\éﬁmppa@{}gt@cggléﬁ, ‘Eeé{]toand a
plurality of disciglgpg@pductive el enents, each extending over the first

sem conductor device active surface fromrespective bond pads of the
plurality ofabasaad pendisondnctar deyies tthe/sscomhseadcomsneas domce haringuidsick aide;

O b TV ETANER N TR
material . and the second semiconductor device back side; and
a plurality of discrete conductive elements, each extending over the first semiconductor
device active surface from respective bond pads of the plurality of bond pads to
respective contact areas on the substrate surface between two of the plurality of

15 spacers.

2. The multi-chip module of claim 1, wherein the plurality of spacers

comprise a dielectric material.

20 3. The multi-chip module of claim 2, wherein the plurality of spacers
comprises at least one of a tape having an adhesive on each side thereof, a tape coated
with thermoplastic material, an adhesive paste, a flowable adhesive, a photocurable

material, a thermoplastic material and a thermocurable material.

25 4. The multi-chip module of claim 2, wherein at least one of the plurality of

spacers comprises a plurality of superimposed, contiguous, mutually adhered layers.

5. The multi-chip module of claim 1, wherein at least one of the plurality of

spacers is positioned proximate a corner of the first semiconductor device active
30  surface.



20 3. The multi-chip nodule of claim2, wherein the plurality of spacers
conprises at | east one of a tape having an adhesive on each side thereof, a
tape coated with thernoplastic naterial, an adhesive paste, a flowable
adhesive, a photocurable material, a thernoplastic material and a

t hernmocurable material. 25 4. The nulti-chip nodule of claim2, wherein at
| east one of the plurality of spacers conprises a plurality of

superi nposed, contiguous, nutually adhered |ayers. 5. The multi-chip nodule
of claiml1, wherein at |east one of the plurality of spacers is positioned
proxi mate a corner of he fi.rst .60 tQr | C i ve . . 27
6. The nulti-chi pé'rmdu’hée %?lné(?ma? %%?I,ﬂ%\ﬁl%gtrégrflﬁ’ ‘gg grl gla%tlghg%%neoﬂeféuﬁlﬁf% ity
of spacers dpaerdhdy D&8ssSREfidrANplan R ofe of qUAAL1atdraldtoadd | dvat, @hd triangalend,

oval, and triangular. 7. The multi-chip nodule of claim1, wherein at |east
one of the plurality of 5 spacers is elongated in a direction parallel to

the first device .active surface. 8., Th | t,i - ¢hi du] e _of..cl al m.
wherein the subst?at e IPH]élr'c llf:g'r?ﬂpliesoggﬁgm 1I’ gggrteﬁ'b eag# ong chitﬁ%ﬁﬁ%lbo%fr d,
an i nt er ppsedpacéts SRR YE b Aire SR afallePtthe FigRdsvicd Aetive stifgeemul ti - chi p

nodul e of claim11, wherein the plurality of discrete conductive el enents
conprise at |east one of bond wires, tape-automated bond elenents, and

t her noconpr essi on, bongded | gads. 1 0.. The .multi-chip dul f claiml,
further conprisiny: a 'Pﬂﬁggﬂ?Bﬁﬁﬂéé#&kmﬂévp@@ﬁﬁUgfﬁw%ﬁﬁg Y the second
sem conduct oforiGikes 8 leAA08ne 68 @RSitiHoaRIRkn Ritdthadet,laVseRficohBAGEF devidd! &idposed

bet ween an active surface of the second sem conductor device and a back
side of the khds:d sem conductor device. 20 11. The nulti-chi p nodul e of
claiml1, wherein at | east one bond pad of the plurality of bond pads is
located W thin a central region of the first sem conductor device active
surface. 12. The gul tiTRdnRIIBHY ol Flcfim 11 whbktid PGSR FAisble 25 a

plurality of peripheral bond pads; and
conductive elements comprise at least one of bond wires, tape-automated bond

elements, and thermocompression bonded leads.

15 10.  The multi-chip module of claim 1, further comprising:
a third semiconductor device positioned over the second semiconductor device; and
an additional plurality of spacers interposed between an active surface of the second

semiconductor device and a back side of the third semiconductor device.

20 11.  The multi-chip module of claim 1, wherein at least one bond pad of the
plurality of bond pads is located within a central region of the first semiconductor

device active surface.

12.  The multi-chip module of claim 1, further comprising:
25  aplurality of peripheral bond pads; and
a plurality of discrete conductive elements electrically connecting the plurality of

peripheral bond pads to corresponding contact areas of the substrate.

13.  The multi-chip module of claim 1, wherein the second semiconductor
30  device has an active surface including a central region encompassing a plurality of bond

pads.



a plurality of discrete conductive elenents electrically connecting the
plurality of peripheral bond pads to correspondi ng contact areas of the
substrate. 13. The nulti-chip nodule of claim1, wherein the second

sem conductor 30 device has an active surface including a central region
enconpassing a plurality of bond pads. 28 14. The multi-chip nodul e of
claim 13, wherein the contact areas on the substrate surface include a
first plurality of contact areas adjacenpgthe first sem conductor device
and a second plurality of contact areas adjacent the first plurality 5 of
contact areas and on a side thereof opposite the first sem conductor
device, the plurality of discrete conductive elenents extend to the first

plurality of contbit aTlkamultidstip sodhlerotlciaint 10f whereinte corisut aieds 6@thdUCt i ve
el enments extend between plurality of bond pads of the second sem conductor

devi ce and t HibsiEate surdacglinglade & firsbplueabint efcqontpetarsas afifacens therfiest nul t i - chi p

nodul e of cl gj c ri.sing: capsul ant nmaterial, coveri neg. at
Teast a_ por t Eaegugt itk SRS R RS e BT o RUA
second segni CofubrticDiresAndGR, a SdukheRREf SpPositd thk First bomicdn&@dcRIYGher device
assenbly, conprising: 15 a first sem conductor device; a plurality of

di screte spaplaraditseldisasete condustivpelements exignd toothe Sirst phiralits o corftact arcas t he
first sem conduct.or...devi ce. the pluralif. f di.scret acer.s fining a
i stance ¢ hECHMAUREY $Eond ferfly EbRoelive SemPus RS RAPRETP IR
spaced apar t pdds@fiti seSREINRhiSRALEON ¥ ideAnd #8Vdeéhd PluRitydTTohiab@éhs. _

t hereabove in superinposed 20 relation with the first sem conductor device;

and a plurality of discrete conductive el enments having internedi ate

porti ons,passing ransyersel y .bet Nt f.the plurality of discrete
spacer s.@?. The %Sse PWB&%P%FH@%CE%T; éQ?WBﬁlsa\'Fg'ty of discrete
spacers 25 gREPYULAR nftdtaBtReting at R 8 podion okdt lcAftdnd oF I seficohdhdtdrl 7,
wherein the plurality of discrete spacérs conprises at |east one of a tape

havi ng an adhesi védevige, Becshcaniddemidondeatér, deyiceagpsl thosubstiatewi t h t her nopl asti ¢
material, an adhesive paste, a flowabl e adhesive, a photocurable

16. A semiconductor device assembly, comprising:
15  a first semiconductor device;
a plurality of discrete spacers secured to and protruding from an active surface of the
first semiconductor device, the plurality of discrete spacers defining a distance
the active surface of the first semiconductor device is to be spaced apart from a
second semiconductor device to be positioned thereabove in superimposed
20 relation with the first semiconductor device; and
a plurality of discrete conductive elements having intermediate portions passing

transversely between two of the plurality of discrete spacers.

17.  The assembly of claim 16, wherein the plurality of discrete spacers

25  comprise a dielectric material.

18.  The assembly of claim 17, wherein the plurality of discrete spacers
comprises at least one of a tape having an adhesive on each side thereof, a tape coated
with thermoplastic material, an adhesive paste, a flowable adhesive, a photocurable

30  material, and a thermocurable material.



30 material, and a thernocurable material. 29 19. The assenbly of claim 17,
wherein at | east one of the plurality of discrete spacers conprises a
plurality of superinposed, contiguous, nutually adhered I|ayers. 5 20. The
assenbly of claim 16, wherein at |east one of the plurality of discrete
spacers is positioned proxinmate a corner of the active surface of the first
sem conduct or device. 21. The assenbly of claim 16, wherein at |east one of
the plurality of 10 discrete spacers hagga cross-sectional plan of one of
quadrilateral, round, oval, and triangular. 22. The assenbly of claim 16,
wherein at | east e { rali f L rsalseel gngated in
a direction paral ﬁgl 'ﬁ)het gengl%:lypgélaéxurl ’a‘glég%@%g Eeé?tfoﬁg?fﬁle%éﬁ@é 'ogonduct or
device. 23. dibgetdsparhd contprised @pliaality of smpéﬁayseﬂmm‘tighm, RAutallpadhered

sem conductor device superinposed over the first sem conductor device,
supported bylay#e plurality of discrete spacers and secured thereto. 20 24.
The assenbly of claim 23, further conprising: a third sem conductor device
positioned in superinposed relation with the second sen conductor device.
25 25. The assenbpq of Tid kMBS of WRABH @6/ whét6inse kasichns @ tHeGMekdifyf devi ce
has an active surface including a central region enconpassing a plurality
of second dediserete spanses ipadsitiond reexinthteca eprserrdiithe astive burifaee 6 therfirgtt her
including: a substragedatfixed to a back side of the first sem conductor
device, a pl FPUFMIAICOF d§Yif%t contact areas on the substrate | ocated

adj acent the first sem conductor device, wherein the plurality of discrete
conductive elenents extend frombond 5 pads on the active surface of the
first sem conductdt. deVhewsseroblytof claimrg) whereinfat least one of the plurality of

10  discrete spacers has a cross-sectional plan of one of quadrilateral, round, oval, and

triangular.

22.  The assembly of claim 16, wherein at least one of the plurality of
discrete spacers is elongated in a direction parallel to the active surface of the first

15  semiconductor device.

23.  The assembly of claim 16, further comprising a second semiconductor
device superimposed over the first semiconductor device, supported by the plurality of

discrete spacers and secured thereto.

20
24.  The assembly of claim 23, further comprising:
a third semiconductor device positioned in superimposed relation with the second
semiconductor device.
25 25.  The assembly of claim 23, wherein the second semiconductor device has

an active surface including a central region encompassing a plurality of second device

bond pads.



first contact areas; a plurality of second contact areas of the substrate

| ocated adjacent the plurality of first contact areas and on a side

t her eof opposite the first sem conductor device; and a plurality of second
di screte conductive el ements extendi ng between the plurality of 10 second
devi ce bond pads of the second sem conductor device and the plurality of
second contact areas. 27. The assenbly of claim 16, further including a
substrate affixed to a back side of thesfirst sem conductor device, the
substrate conprising one of a circuit board, 15 an interposer, a

sem c_onplucF or devigce, r{s\ﬁ}: s%e?ﬁiﬂzpfglgimﬁ,eﬁlﬂﬁft L g:f claim 27, further
conpri sing: encapsul ant nmateri covering at Teast~a portion of at |east

one of the fasbstrateaiiteddysbadk sidtest the fissdgerhidondihsidedte. 20 29. The
assenbly of claim 16, wherein the plurality of djscrete conductjve

el ement's conpplugdityef fisbeontashareas o qustietedocatedndiacenidhe fiest seypisandiciarent s,
and thernoconpregskon .. .1h ) Ly, of . clai m.,16,
further conprisi n(ge:%%’ p %rlrgg'letﬁ? bﬁgﬁﬁ%gﬁg‘séggscg{“gu@ﬁf égl%eﬁﬁieﬁtegdéﬁgm?oéﬁd

regi on org t he actpade ofiid tiee QlrfdcB@f tHerfhibt sefdBind otV 16 e plarali§bf The
assenbly of claim 16, further conprising: 30 a plurality of peripheral bond
pads on the acti virskegntagéareat; the first semiconductor device. 31 32. The

nbly of ¢claim31l. furth ising: b ffixed t. k
de of "the § PRIREQ sepdid ftact SR ohE KRB nal Bufod g Blly Bulc
areas; and 5 a pl ¢onddct hpaPindbnSLaigd SrefONEp|sIsity hedrieMiconigaOesvicéeind

electrically connecting the peripheral bond pads to the contact areas. 33.
A mul ti - chi p2 piverliteotsapnd diserete cordustile elements extending between the plurality of

10 second device bond pads of the second semiconductor device and the plurality

of second contact areas,

27.  The assembly of claim 16, further including a substrate affixed to a back
side of the first semiconductor device, the substrate comprising one of a circuit board,

15  aninterposer, a semiconductor device, and leads.

28.  The assembly of claim 27, further comprising:
encapsulant material covering at least a portion of at least one of the first semiconductor

device and the substrate.

20
29.  The assembly of claim 16, wherein the plurality of discrete conductive
elements comprise at least one of bond wires, tape-automated bond elements, and
thermocompression bonded leads.
25 30.  The assembly of claim 16, further comprising:

a plurality of bond pads located within a central region on the active surface of the first

semiconductor device.

31.  The assembly of claim 16, further comprising:
30 aplurality of peripheral bond pads on the active surface of the first semiconductor

device.



10 a first sem conductor device having an active surface including a
central region enconpassing a plurality of bond pads and a back side, the
back side affixed to the substrate; a second sem conductor device, the
second sem conductor device having an active surface enconpassing a
plurality of bond pads and a back side; 15 at |east two spacers interposed
bet ween the active surface of the first sem conductor device and the back
side of the second sem conductor device; 3¢ plurality of first discrete
conductive el ements extendi ng between the plurality of bond pads of the
first sem conductor device and the substrate, at |east two of the
plurality of first discrete conductive el enents extending through a conmon
20 aperture fornesh betTgesyséhbly a€ tlakf 3% UutBeecotiprishig: fi r st sem conduct or
device, the back side of the second sem conductor device, and two spacers
of the pl uraubsiatepifiisd der bagoyde oighe first Remisbedustasievigadhasybistiatal i ty of
second di screte conﬁﬂctive elenentgi extending to and between the second
devi ce bond pads DRYINESORERTTR: 8¢ o5 34, A nethod for form ng an assenbly
i ncl udi ngs sefpreiv6et Bscre@ \CbidRtive clefleAGKEPeATVeR ASHR My ORRRIhS HRY:
providing a first sem conductor device including an active surface having a
plurality of bonpkriphes] bostkpads to the cbetasttarease bond pad of the plurality of
bond pads is located 30 centrally, and a back side; attaching the first
sem conductor device to a surface of a substrate; 32 disposing a plurality
of discrete spacess onathQtahld ¥8dSlcbaphsiag: the first sem conductor

devi ce; extending at |east one discrete conductive el enent between at | east
one of the pheulmiratey of bond pads and the substrate over the active

surf ace 70 A BEQUEN 2, FPACS B OpLIEST, LB Sl NS B gl Ly dlserete
over the first sgm.eeAdMC OpFRYY SEINdHAdS ARt DBk sidelfhe Bhct H8e SEXONE
sem conduct or devi ce

the substrate;

a second semiconductor device, the second semiconductor device having an active
surface encompassing a plurality of bond pads and a back side;

15  at least two spacers interposed between the active surface of the first semiconductor
device and the back side of the second semiconductor device;

a plurality of first discrete conductive elements extending between the plurality of bond
pads of the first semiconductor device and the substrate, at least two of the
plurality of first discrete conductive elements extending through a common

20 aperture formed between the active surface of the first semiconductor device,
the back side of the second semiconductor device, and two spacers of the
plurality of spacers positioned therebetween; and

a plurality of second discrete conductive elements, extending to and between the second

device bond pads and the substrate.

25
34. A method for forming an assembly including semiconductor devices in
stacked arrangement, comprising:
providing a first semiconductor device including an active surface having a plurality of
bond pads, wherein at least one bond pad of the plurality of bond pads is located
30 centrally, and a back side;

attaching the first semiconductor device to a surface of a substrate;



resting on the plurality of discrete spacers disposed between the active
surface of the first sem conductor device and the back side of the second
sem conductor 10 device. 35. A nethod for formng a multi-chip nodul e,
conprising: providing a substrate including a plurality of contact areas
on a surface thereof; securing a first sem conductor device having an
active surface including a plurality of 15 bond pads and a back side by the
back side to the substrate surface; dispgsing a plurality of discrete
spacers on the active surface of the first sem conductor device; placing

di screte con tive al nt.s..-between the plurality of .ho ads of, the
firet " o cONing LATRNUREH RERGH IR 1R #50g plufaeR of BR s ERecRp
substrate with 20ddvideer nedi ate portions of the discrete conductive el enents
passi ng over the active surface and through a space between two of the
plural ity ofexi¢nsingatdeaspersediscretn gendustipeelempuidichween at leestroae 98 theqduralityt or

devi ce having a back side ov. the first sem . conductor vi ce, the back
si de of the secon s°é‘§1P8§%?ﬂi‘§¥‘%P“ aget]e(ggerbtgf: Agives ﬁeeﬁ“ggﬁppél?ﬁf%geacti ve
surface of the fipdveGENCEMBYISLANILHSNIiISRetBYpdclR; &1 plurality of discrete
spacers. 36. The nethod of claim 35, wherein providing the substrate

conpri ses ppesitiahingp saeendsenziceriducior deviesahayingambacktsslepusethe fizstot her

sem conduct or device nd |.eads.. 3 37.. The nmethqd of claim35, wherein
o1 aci g the di sor EECURGEE EROE Wik e ids ip e SERon cerisgBe T egee i 1 o
bondi ng bond padsrebgnLONha Plurdlit§ 3F discreRkPaciid GiBFIsed bOveeh 118 BERIuPRES to
contact areas, and thernoconpreSsion bonding leads to bond pads and
contact areas. 5 GBhe fint semichodiictsdr deviae andBthie batlesiéd of te sgposd sgnicbmductor
plurality, of discrete spacers conprises formng at |east one of the

plurality’ of di scﬁieé’t“g:'spacers adj acent at |east one corner of the active
surface.

35. A method for forming a multi-chip module, comprising:
providing a substrate including a plurality of contact areas on a surface thereof;,
securing a first semiconductor device having an active surface including a plurality of
15 bond pads and a back side by the back side to the substrate surface;
disposing a plurality of discrete spacers on the active surface of the first semiconductor
device;
placing discrete conductive elements between the plurality of bond pads of the first
semiconductor device and the plurality of contact areas of the substrate with
20 intermediate portions of the discrete conductive elements passing over the active
surface and through a space between two of the plurality of discrete spacers; and
superimposing a second semiconductor device having a back side over the first
semiconductor device, the back side of the second semiconductor device being
separated from the active surface of the first semiconductor device by the

25 plurality of discrete spacers.

36.  The method of claim 35, wherein providing the substrate comprises
providing one of a circuit board, an interposer, another semiconductor device, and

eads.

30



10 39. The nethod of claim 35, wherein disposing the plurality of discrete
spacers conprises formng at |least two of the plurality of discrete spacers
adj acent opposite peripheral edges of the active surface. 40. The net hod
of claim 35, wherein disposing the plurality of discrete 15 spacers
conprises providing at |east selected discrete spacers of the plurality of
di screte spacers to have a height that defines a substantially consistent
di stance between the active surface of BBe first sem conductor device and
t he back side of the second sem conductor device. 20 41. The met hod of
clai m 35, wherei m7i spDisd Methbi 6f Sk 35, Wheréih plhiciEth SiscreRIGAMSHFBONPI | Ses
formng the plurality of discrete spacers from photoi nageable nateri al

42. The net Wemeits eprapmses at leatione phwire bandige bord prdg taeonisct efeagli screte 25

f hot oi bl,. terial [ f ' ch of the.
D OB Bl PhTRA5AR e EELE R EOTR RS R RSB S s
nut ual Iy adhga@dobaN®padstind cBRb&dréds: 34 43. The nethod of claim 35,

wherein disposing the plurality of spacers conprises formng the plurality
of spacers of a dielectric material conprising a tape having an adhesive

on each side thergpf, ta oated with therpopl.astic. maferial n

adnesi ve paste, @1 owdh BoRaReLrin 3% PherRsiPasRe henlvahvAt et

t her mocur abl gger8 BBk foriing d18asTBAOHNE blurAIRY BT $iSerefe4phdid adfRRBI 4tSi NY:
encapsul ating at |east portions of the first sem conductor ‘device, the
second seni keasicdne camedefithe activelsarfaiescr et e conducti ve el enents, and the
substrate. 10 45. The nethod of claim44, wherein encapsul ating conprises
one of transfer nolding, pot nolding, and glob top encapsulation. 46. The
method of ¢l ai m 4dy, WheACHRHBAGAERIA 35! WRerA SRR QRN oF didkretdl Ural ity

of at least partially superinposed, contiguous, ually adhered materi al
| ayers. spacers comprises forming at least two of the plurality of discrete spacers adjacent

opposite peripheral edges of the active surface.

40.  The method of claim 35, wherein disposing the plurality of discrete
15  spacers comprises providing at least selected discrete spacers of the plurality of discrete
spacers to have a height that defines a substantially consistent distance between the
active surface of the first semiconductor device and the back side of the second

semiconductor device.

20 41.  The method of claim 35, wherein disposing the plurality of discrete
spacers comprises forming the plurality of discrete spacers from photoimageable

material.

42.  The method of claim 41, wherein forming the plurality of discrete
25  spacers from photoimageable material comprises forming each of the plurality of
discrete spacers as at least two superimposed, contiguous, mutually adhered layers of

material.



47. The nethod of claim46, further conprising formng the plurality of at
| east partially superinposed, contiguous, nutually adhered material |ayers
froma 20 photocurable material. 48. A nethod for formng a nmulti-chip
nodul e, conprising: providing a first sem conductor device including an
active surface having a plurality of bond pads, wherein at |east one bond
pad of the plurality of bond pads is |ocated 25 centrally; attaching the
first sem conductor device to a surface 3% a substrate; extending at |east
one di screte conductive el enent between at |east one of the plurality of

bond pads and the4ssubsticahethod 8f clhite3 SGiHeY&n aispbagethd Murkiy Q¥ gPhcarsspace
between two of a plurality of predeterm ned |ocations for a plurality of

discrete 30coppatses Hrmingdhd lupalisy of spacery of adiclestrizrmatetiacoimpeising edaptei ons a
plurality of, discrete spacers. protyudi fro back side of second
Sem conduict o AR H o tReh iRRTTeS: @ apsiefrtad vt R BoREst BART A he
first sem CO&Iﬂl@;ﬁ%@Pas?e, deNvraBlelddhesivd! b g Rophast SHREAIAHG (RATRCIABR
attaching the first sem conductor device to one of a circuit board, an

i nt er posey, mawstiller seni conductor device, and | eads. 50. The nethod of

claim 48, wherein extending at | east one discrete conductive el enent
conprises at |east one of wire bonding bond pads to substrate, 10

tape-aut omat ed bogyli ngTlROREMBALEcIhRN 35 RiHth& BmpRGRg! her noconpr essi on
bondi ng | eads to bond pads and subsiriate. 51. The method of claim 48,

wher ei n posi tricapsulegingat iehs portéohs bé thei firstdemicondudtonde vicemhe iss@ad posi t i oni ng
at | east one of the .algt;ﬁlal i éé/'Of cgfﬁcret ewgﬁlacer% adj acent, 15 at | east one
corner of the acti8 FioF devieps thedisereta cliye <Emeis.ARd t glrale-

positionigng in the predeterm ned |ocations conprises positioning at |east
two of the plurality of discrete spacers adjacent opposite peripheral
edges of the acti4® suTlcmethodof 83im FHhevmeptihedcapbulalimg cordiBises omet dfer

conpri si ng: . . .
P g transfer molding, pot molding, and glob top encapsulation.

46.  The method of claim 44, wherein encapsulating comprises forming a
15  plurality of at least partially superimposed, contiguous, mutually adhered material

layers.

47,  The method of claim 46, further comprising forming the plurality of at
least partially superimposed, contiguous, mutually adhered material layers from a

20  photocurable material.

48. A method for forming a multi-chip module, comprising:

providing a first semiconductor device including an active surface having a plurality of
bond pads, wherein at least one bond pad of the plurality of bond pads is located

25 centrally;

attaching the first semiconductor device to a surface of a substrate;

extending at least one discrete conductive element between at least one of the plurality
of bond pads and the substrate over the active surface and through a space
between two of a plurality of predetermined locations for a plurality of discrete

30 spacers; and



encapsul ating at |east portions of the first sem conductor device, the
second sem conductor device, the discrete conductive elenents, and the
substrate. 25 54. The method of claim 53, wherein encapsul ating conprises
one of transfer nolding, pot nolding, and gl ob top encapsul ation. 55. The
met hod of claim53, wherein encapsul ating conprises formng a plurality of
at least partially superinposed, contiguous, nutually adhered material 30
| ayers. 36 56. The nethod of claim55, fdbther conprising formng the
plurality of at |least partially superinposed, contiguous, nutually adhered
material | aygdsgtidnisiinahe pleaétognihedloRatiths Arplhdhlityf discrefe §Pakdrt pfokiuBingodul e,
conprising: a substrate conprising contact areas on a surface theréof; a
first sem conductBemdewck sidewfia s¢dond seisamdustawlevise. devi ce having an active
surface including a plurality of bond pads thereon and an opposi ng, back
side, affixed to the substrate; 10 a plurality of discrete conductive

el ements, each exjendi 1Ee A¥Mbd bPElaf B8l wheEhGRACHIAS Ak fird¥nf@ndsdibv e
surface fromrespective bond pads of the plurality of bond pads to

respecti Ve cdsvicedp azneface afra ubsirateibmnpriges aachingabe fisst péruicahductor dévispcer s
positioned on ng fir ; Sﬁniconductor devi ce .active gutface each spacer
of the pluraf® aocf‘rcgﬁ Qs AT NPT HiPABIRET $5B8HETIHCISF deyics, ard kads- conduct i ve
15 element of the plurality of discrete conductive elenents; and a second
sem conduct or devi ce superinposed over the first sem conductor device,
supported by the pd.ur aFhe methbd vpalaen 48, GhereiA emtenting at astfope diserptean assenbl y

i ncl udi ng sem conductor devices in 20 stacked aryangegent, conprising:
brovi di ng & PO PSR AEEPBr=S LR A MR TGS ek P 1 SHRUEE: havi ng a
plural ity of tapé.g%nﬁ%%ona;ng%ha gsdsttb%mf)g aftd aécﬁgqegﬂ&%ﬁgﬁ%ioﬂ%&iﬂg [&ad

a pl I scret ve

surface of a substrate; exténdin urality o e conduct
el ement s bet tedmmdghads wstubstrate.of t he

51.  The method of claim 48, wherein positioning in the predetermined
locations comprises positioning at least one of the plurality of discrete spacers adjacent

15 atleast one corner of the active surface.

52.  The method of claim 48, wherein positioning in the predetermined
locations comprises positioning at least two of the plurality of discrete spacers adjacent

opposite peripheral edges of the active surface.

20
53.  The method of claim 48, further comprising:
encapsulating at least portions of the first semiconductor device, the second
semiconductor device, the discrete conductive elements, and the substrate.
25 54.  The method of claim 53, wherein encapsulating comprises one of

transfer molding, pot molding, and glob top encapsulation.

55.  The method of claim 53, wherein encapsulating comprises forming a

plurality of at least partially superimposed, contiguous, mutually adhered material

30 layers.



25 plurality of bond pads and the substrate; formng a plurality of

di screte spacers over on the plurality of discrete conductive elenents;
and supporting a second sem conductor device on the plurality of discrete
spacers.

36

56.  The method of claim 55, further comprising forming the plurality of at
least partially superimposed, contiguous, mutually adhered material layers from a

photocurable material.

5 57. A multi-chip module, comprising:

a substrate comprising contact areas on a surface thereof;

a first semiconductor device, the first semiconductor device having an active surface
including a plurality of bond pads thereon and an opposing, back side, affixed to
the substrate;

10  aplurality of discrete conductive elements, each extending over the first semiconductor
device active surface from respective bond pads of the plurality of bond pads to
respective contact areas on the substrate surface;

a plurality of spacers positioned on the first semiconductor device active surface, each
spacer of the plurality of spacers surrounding a portion of a discrete conductive

15 element of the plurality of discrete conductive elements; and

a second semiconductor device superimposed over the first semiconductor device,

supported by the plurality of spacers.

58. A method for forming an assembly including semiconductor devices in
20  stacked arrangement, comprising:
providing a first semiconductor device including an active surface having a plurality of
bond pads;
attaching the first semiconductor device to a surface of a substrate;
extending a plurality of discrete conductive elements between at least one of the
25 plurality of bond pads and the substrate;
forming a plurality of discrete spacers over on the plurality of discrete conductive
elements; and

supporting a second semiconductor device on the plurality of discrete spacers.



