1 METHODS OF FORMING A MULTI-CHIP MODULE HAVING DISCRETE SPACERS
BACKGROUND 5 Field of the Invention: The present invention relates generally to semiconductor
device assemblies, or so-called "multi-chip modules,” and, more specifically, to multi-chip modules in
which two or more semiconductor devices are stacked relative to one another. In particular, the
present invention relates to stacked semiconductor device assemblies in which the distances between
adjacent, stacked semiconductor 10 devices are determl ed, at least in part, by a plurality of discrete
spacers interposed therebetween, and discrete conductlve elements protrude from a central region of
the lower semiconductor dev Jﬁ@?{ms % gg‘% %)ﬁ)meen the active
surface of the lower semicon g%ﬁg% r device and two
of the spacers. 15 Background of Relate ount 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 depsiiy peR@ueghave been developed. Among these
various types of packages is the so-called "multi-chip module” (MCM). Som%é}/pes of multi-chip
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is readily apparent - a stack of semiconductor devices consumes roughly the same amount of real
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device package. 8§eQH8tB@ﬁhﬁ1$§1F?ﬁﬂi}(r”’c d@?&%ﬁ?ﬁﬁ&h@@réﬁ?& t8 fermiferansivaes of
semiconductor devices (e.g., the number and order of various process steps), the incorporation of
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be fabricated, multi-chip modules that 30 include semiconductor devices with differing functions (e.g.,
memory, procesgihgebetween and discrete conductive elements protrude from a central region of the

lower semiconductor device and pass through a common aperture formed between the
active surface of the lower semiconductor device, the back side of the upper
semiconductor device and two of the spacers.

15 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
module” (MCM). Some types of multi-chip modules include assemblies of

20  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
device or semiconductor device package.

25 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
devices that carry out multiple functions can be fabricated, multi-chip modules that

30  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 much more desirable since the separate semiconductor 2 devices may be
fabricated independently and later assembled with one another much more quickly and
cost-effectively (e.g., lower production costs due to higher volumes and lower failure rates). Multi-chip
modules may also contain a number of semiconductor devices that 5 perform the same function,
effectively combining the functionality of all of the semiconductor devices thereof into a single
package. An example of a conventional, stacked multi-chip module includes a carrier substrate, a first,
larger semiconductor device secured to the carrier substrate, and a second, smaller semiconductor
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adhesive may be used to secure the semiconductor devices to one another. Such a multi-chip module
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must continue to decrease as 20 they are positioned increasingly higher in the stack, the obtainable
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therein is severely limjted. AnQther sxamlestiaEoryantional P AadH g isdigschiRes in U.S.
Patent 5,323,060, issued to Fogal et al. on June 21, 1994 (hereinafter "the 060 Patent"). 25 The
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may be the same size or different sizes, with upper semiconductor devices being either smaller or
larger than underdlingrst semiconductor device and, thus, the second semiconductor device does not

cover bond wires that electrically connect bond pads of the first semiconductor device
to corresponding contacts or terminals of the carrier substrate. As the bond pads of
each lower semiconductor device are not covered by the next higher semiconductor

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 illustrated 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



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 3 protruding from a semiconductor device
upon which that adhesive layer is to be positioned. Accordingly, the presence of each adhesive layer
prevents the back side of an overlying, upper semiconductor device from contacting bond wires that
protrude from an immediately underlying, lower semiconfluctor device of the multi-chip module. 5 The
adhesive layers of the multi-chip modules disclosed in the "060 Patent do not encapsulate or
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of such a stacked multi-chip module. 25 The vertical distance that adjacent semiconductor devices of a
stacked type multiastsih adlachive and sxeeseyapackfhsrahdne another may be reduced by arranging the

A similar but more compact multi-chip module is disclosed in U.S. Patent
Re. 36,613, issued to Ball on March 14, 2000 (hereinafter “the ‘613 Patent”). The
multi-chip module of the ‘613 Patent includes many of the same features as those

15  disclosed in the ‘060 Patent, including adhesive layers of carefully controlled
thicknesses that space vertically adjacent semiconductor 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 disclosed 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.



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. 4 U.S. Patent 6,051,886, issued to Fogal et al.
on April 18, 2000 (hereinafter "the "886 Patent"), discloses such a multi-chip module. According to the
886 Patent, wire bonding is not conducted until all of the semiconductor devices of such a multi-chip

module have be ssembl ith_.one anqther. and with the underlyi rier.5 substrate, The
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semiconductor devices to separate discrete conductive elements, such as bond wires,
that protrude above an active surface of one semiconductor device from the back side of
15  the next higher semiconductor device, the semiconductor devices of stacked multi-chip
modules have been separated from one another with preformed spacers. Exemplary
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 10 including a



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 10 including a 5 substrate 20 with two semiconductor devices 30A, 30B (collectively
referred to as "semiconductor devices 30") positioned thsereover in stacked arrangement. The
depicted substrate 20 of the 709 Patent is an interposer'with a number of bond pads, which are

ferred to herei tact 24, th h which electrical 5 S e i t tput f
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positioned upon substrate 20. A first semiconductor device 30A is secured to substrate 20.
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second semiconductor device 30B is positioned over, or "stacked,” on first semiconductor device 30A.
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way of an adhesive 15 element 36 interposed between and secured to active surface 32 of first
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conventionally covered with a protective encapsulant. Since conventional multi-chip modules may be
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to the mechanical properties “of the semiconductor devices or encapsulant materials, stresses, such
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semiconductor device 30A. A back side 35 of second semiconductor device 30B is
electrically isolated from discrete conductive elements 38 A. Second semiconductor
device 30B is secured to first semiconductor device 30A by way of an adhesive
15 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



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 bonde%to corresponding terminal pads on the first
die, channeled through a corresponding groove in a corresponding spacer strip, then bonded to a 6
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to problems from CTE mismatch. 5 In view of the foregoing, it appears that a method for forming
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on the semiconductor devices of the assembly, would be useful. 10 DISCLOSURE OF INVENTION
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In one aspect of the present invention, a semiconductor device assembly includes a first
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conductive elements protruding over at least a portion of the active surface, and extending through at

least one commoPealsefelire 20 formed between the spacers, the active surface of the first
semicondugtgr die, and the back side of the second semiconductor device. The spacers are of a

height that spaces
DISCLOSURE OF INVENTION

The present invention, in a number of exemplary embodiments, includes
semiconductor device assemblies, as well as a method for assembling semiconductor
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 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 argas to which bond pads of at least the first,
lowermost, semiconductor device 30 are electrically connected. 7 The discrete conductive elements
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may comprise an adhesive tape that may be cutto a desired segment shape and 20 adhered to the
semiconductor die. In a furerrankidimenivef, sprterd faajobeifrareesiguarly according to the present

invention includes providing a first semiconductor device, applying or forming spacers
to protrude at least partially over an active surface thereof, and positioning a second
semiconductor device over the spacers. Alternatively, the spacers may be applied to or
15 formed on a back side of the second semiconductor 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 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 surfacge of the first semiconductor device. Prior to
placement of the second semiconductor device, discrete conductive 30 elements, for example, wire
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protruding above the 10 active surface of the first semiconductor device, it is preferred that the back
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teachings of the present invention may include more than two semiconductor devices in a stacked
arrangement.  second semiconductor device and the discrete conductive elements be electrically

isolated from one another, for example, by way of a dielectric (e.g., polymer material,
oxide, nitride, etc.) coating on at least portions of the back side of the second
semiconductor device that contact discrete conductive elements, a dielectric coating on
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 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. BRII;F DESCRIPTION OF DRAWINGS FIG. 1is a
cross-sectional view of a schematic representation of a conventional semiconductor die assembly; 30

FIG. 2A is a perspectiv sembly view of one emb%g}ibment of an ssergg of the present invention; 9
FIG. 28 is a porspectivel 18samBl RPET Aitothey LinbUanar S SELSAts boLE Aresuhly
invention; FIG. 2Gfitha perspeitiaassembly view of another embodiment of an assembly of the
present invention; 5 FIGS. 2D(A)-2D(H) are partial perspectiv%views of semjconductor dice h?ving

differently configured spatters S&tARERS SIS rEISH PicaoBe spbedimen| Oleifidtiembly

semiconductor digethapirgespaseigisacured to the surfaces thereof in different locations; FIGS. 3A-3E

are schematic representations depictin%éabrication of the 10 assembllédepicted in FIG. 3F; FIG. 3F is
a schematic Tepresentafioi of dheé ermBbdimERBHAPSSRS A ViserporsieP rcHhdicenté8resent

invention; FIG. 4 igr-f/R$p2801aRa pREeReRatien @f anathes aretiment 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. 6XG8-2Berbpeelanvitsly bPhiromer e isoiiice ey e s BREEmSEIETd R

the surfaces thereof in different locations;
FIGS. 3A-3E are schematic representations depicting fabrication of the
10 assembly depicted in FIG. 3F;
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 an 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 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 a semiconductor 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 an MCM. Further,

the active 30 surf f both of the adjacent icondyct ' . iented i bstantiall
the <ame cirecioRORILa, Wt SN oBLIIF o AU e AL el 48 VHATRd  back

side of the adjacewhagmisansiugiondeneadadivincldeaentsaiy locateidubend pagsptoaidrenwire
bonded to a substrate. Such a confi(g; ration. may pravide an MCM with improved flexibility and

reliability. As usedfdYeBHEpEPYFd deRilivtiddrielite: MErddssi b BMAIE a semiconductor

die of silicon, galkysmi-angapigeddndimpenesRhide Qaaipr! sesncandietyiednaiesiateantigures as a
processor, logic, memory or other function, wherein integrated circuitry is fabricated on an active

surface of the dicFRpdniars phawnhitcommathss resdrRbHilcI I FAR B2 SBF oSS lated”

to form a plurality @f;ingiigies) e BIERTHHERN JickeiPREBXROARIFE B RodiRe Rteafdha P eg oAt
invention, FIG. 2A shows a 10 perspective view of a semiconductor device 130 having bond pads 134

and generally reé¥figaial Sisstiehiopediahd edics RIxahatd the Snicenrvstersrbewsiedhauictor device

130 on the active;gurfagg leadirersebrmpranaraipOAimavieaghdnslidR iR, surface 151A, which
are configured for abutting against the back side of another semiconductor device superimposed over

semiconductor device 1BponGesprapdisy mmw@&f@ﬂs@ea@gemm Ema@k?e@wmfyer on each
side thereofgwhigly (hayibe GkiaadeRlieshaaaTeEnhsapPsoans Rg RPN 2G e enerally

rectangular spacers 150A disposed proximate the four corners of semiconductor
device 130 on the active surface 129 thereof. Spacers 150A may each include an upper
surface 151A, which are configured for abutting against the back side of another
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

20  150A may 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, also known as a photoimageable material, on the active surface
is selectively cured by exposure to a laser beam of appropriate wavelength at desired

25  spacer locations, the process being repeated for higher spacers to provide multilayer
structures. The spacers 150A may thus be formed from photoimageable material, and
may be formed as at least two superimposed, contiguous, mutually adhered layers of
material. Such an operation may be desirably performed at the wafer level, prior to die
singulation. Photolithographic techniques involve, for example, application of a layer

30  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



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 20 150A may 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, also known as alPhotoimageable material, on the active
surface is selectively cured by exposure to a laser beam of appropriate wavelength at desired 25

spacer locations, the process being repeated for higher, spacers to provide multilayer structures. The
pacers 120A iy TR L8 N RO DO et e AR BT, Ray B KT eR e bt two
superimposed, caubgipest enchiipllyfakatelddayenisaalimatenptoRidahl ascopaiationteraypibvel gesirably
performed at the wafer level, prior to die sin%ul tion. Photolithographic techniquei;?volve, for

example, applicaBBASH ISR A5 e ST o B RS R P RRITRSE P HURIE A dlesicedor a

wafer (by, for exaspgpiensBiAXHHY QItisRIBfeRaRSIofellosHdWe MBS KL Withed Riaier@sisigisalective 11
exposure of the photoresist to protect the dielectric material at the spacer location, and subsequent

etching of the dieetkic material at unprotected locations. Alternatively, photolithography may be used
to form spacers from phoigireialmeaiedsal ahilgirapirealignm By erplisaliR A g ahetoresist

followed by selective exposure through a 5 mask. Semiconductor device 130 may comprise any one of

various known typRiBisPIeERiREsIsifabridvtias Nkawipy (PHeRrsRR (dUenSBy BeallfshsrAMS, flash
memories, EPR%&EE%@N@W@EW@W%@i?Hﬁr@%@E@ME W&ﬁ%ﬂt@&@ﬁ%jhﬁgﬁé@&i
i

(ASICs), digital signal processors (DSPs) and the like. 10 Side region 140 of semiconductor device
130 may be sizediasitteonfiduredlisitarésmpaeentoratdraPexead: tbe dicarea on which bond pads 134

are positionggl. Put anofher way, PPN RAESL3AdMa% g NN 3H5a[BIEd DY NG ARIGHIOR! corners,

in relation to the center of semiconductor device 130, of each of spacers 150A. As shown in FIG. 2A,
bond pads 134 nrag@epasaihgdatemblieatintelhn arsinyleyhisbdonshpaderig4 are positioned. Put

another way, bond pads 134 may lie in an area bounded by the innermost corners, in
relation to the center of semiconductor device 130, of each of spacers 150A. As shown
in FIG. 2A, bond pads 134 may be arranged and oriented in a single, linear row along
15  an axis located generally through the center of the semiconductor device 130.
However, it is understood that the present invention may be implemented using a
semiconductor chip having bond pads that are configured in a variety of patterns and
having any number of bond pads 134, such as the bond pads 134" in FIG. 2C, which are
shown in a parallel, centrally located double-row formation or, alternatively, as shown
20  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
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

25  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
either of side regions 140 or 142.

In another exemplary embodiment according to the present invention depicted

30 in FIG. 2B, semiconductor device 130’ may comprise bond pads 134’ and substantially

cylindrical spacers 150B disposed proximate the four corners of semiconductor



15 an axis located generally through the center of the semiconductor device 130. However, it is
understood that the present invention may be implemented using a semiconductor chip having bond
pads that are configured in a variety of patterns and having any number of bond pads 134, such as
the bond pads 134" in FIG. 2C, which are shown in a parallel, centrally located double-row formation
or, alternatively, as shown 20 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 bonds (not shown) to extend, for example, from bond pads 134 toward either of side

regions 140 and 142 but yithout exceeding.the ig?ﬁt "Z.".Sychac {)i%uration may .25 allow for
racement of anciFGFEd e BRI e DSt At e PR, Lo AR RE A AR Heve
surface 129 of seipigonduater daBcevAidl Wwithoutigariactingbwingsheats (et ishawhijewh wivthay
extend from centrally located bond pads 134 toward either, of side regions 140 or 142. In another

exemplary embodfiPErENERTHY S RS HERASEHSH s FBRIEYT 86YiKE1cY 2B, semiconductor

device 130" may comprigg beswpadsig34Bapesuhaiantallyn gylipdricabspasarsrtal dispaser,
proximate the four corners of semiconductor 12 device 130' on the active surface 129' thereof.

Spacers 1508 mA&PEECAMIRRE X EbInsrEdrasRerady Bronsk thareerishig dhe dFBHORdHRE against the

back side of anothgfisermiroRayeisdayiLe By PEHPNRASEHONRE SRINEONIMGERI 136Vt St bog Shown
in FIG. 2B, bond pads 134" m%be arranged and oriented in a sgggle, 5 linear row along an axis

located generallyS{HfdGgiPRad $& ARy bIane sarfeBrvtietstc dewitd1 30 aardiaglyssideneeing fliphery

of semiconductordgyics (3R AdieetnibRithSieiieginnt d 38R0k 3k oh SRMIFapALEipsFigyice 130
Accordingly, side region 140" between spacers 150B from the active surface 129 of semiconductor

device 130’ to hélg%h"ﬁ%%ﬁﬁ@%ﬂ@ 15@_% mbséig%wmltfégﬁrgd@ PepSHRS Singreisepagiictive
conductive 1§ elemeis i ihg."e5mh e BBH%;%QEEH&WPQ&&%@%HP&P1@54{38&& 8REapkibond

pads 134" to a position exceeding the periphery of the semiconductor device 130". Similarly, side
region 142' betweedsspit éps PHOBidroen aprslmetiie perfpleesyl oOthsf semiconductor device 130".

Similarly, side region 142" 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

15  position exceeding the periphery of the semiconductor device 130" . Further, side
region 138 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 periphery of the semiconductor device 130’ . Also, side region 136

20  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
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

25  connection of the MCM to other devices.

FIG. 2C shows an exploded view of a semiconductor device assembly 90
including a first semiconductor device 132A and a second semiconductor device 132B,
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

30  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



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 15 position exceeding the
periphery of the semiconductor device 130'. Further, side region 138 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 periphery of the semiconductor (_g[vice 130'. Also, side region 136 20 between
spacers 150B from the active surface 129' of semiconductor device 130' to height "Z" of spacers 150B

may be sized and canfig for passing wijre bonds (not .shown) extending from at | one. of bond
M Arintale Firk Hpl ol it Stk e RN e Vi
more detail hereishalovndititer devide May eXthng tpraoMayose: spptitrate thdbisnsized aadaavdigured
for electrical 25 connection of the MCM to other devices. FIG. 2C shqws an exploded view of a

semiconductor deYIEEa ST HEETHERMAHT A HiFSt Lt Frcrriutts AdDfcie s e aeusiiig

semiconductor deyicerli32Enstwhictpacer crnfipeppiede sHpaiBRosashadineant anaamethgmnd
affixed to one another to form an MCM according to the present invention. However, as shown in 30

FIG. 2C, substanfi&ihyepirepiuatepdicaradiopiisbadsisilsdd nsarenshraadrpadusies die.SuEbBAK

semiconductor deyigedarB. Spacers 150B may each include a lower 13 surface 151C, which are
configured for abutting aﬁ?inst the active surface 129A of first semiconductor device 132A. Thus,
spacers may be applied tBSIESFHEE GHEAB eRBIGENER A bhgTe MSEEMRIMERIEGT die, on the back

side of the Seconéoﬁﬁgm:&mw&rsﬂ@e@n@b!eﬁéﬁ ARESRACENL TR RE.APRIIBHEPPE fRpRedion both the
active surface of the 5 first semiconductor die and on the back side of the second semiconductor die,

without Iimitatioanﬁw_@ﬁS by H%%Hb@hk@ﬂp&whﬁmm %ﬂ@d{&‘@ &j@@m@@ﬂee gerfiglivations
for spacers {p0. Eﬁcmtmﬁla@MMi%@G@&&ﬁ%ﬁ%%ﬂ'l%ﬁ%%'&idg%&%ﬁg}ﬂahn FIG. 2D(H) as

having a substantially cylindrical shape, more generally, 10 spacers 150 may alternatively be
configured as pillergshavitigaiéetahydiarmillars of triangular cross-section FIG. 2D(B), truncated

pyramids FIG. 2D(C), truncated cones FIG. 2D(D), truncated curved cones FIG. 2D(E),
elongated strips FIGS. 2D(F) and 2D(G) and cylindrical cross-section FIG. 2D(H). As
shown in FIG. 2D(A-H), spacers 150 may include a surface 151 for matingly engaging

15 an active surface or back side of another semiconductor device (not shown).

Spacers 150 alternatively may be formed by dispensing dots. The surface 151 of
spacers 150 formed by dispensing dots may be rounded or include a projecting tail.
Spacers 150 may be positioned on an active surface 129 of semiconductor device 132
or a back side 135 thereof, without limitation.

20 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,
two substantially cylindrical spacers 150 are located near adjacent corners 155, and a

25  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
corners 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
edges 157 of the semiconductor device on opposite peripheral edges 157 of the

30  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



cross-section FIG. 2D(A), pillars of triangular cross-section FIG. 2D(B), truncated pyramids FIG.
2D(C), truncated cones FIG. 2D(D), truncated curved cones FIG. 2D(E), elongated strips FIGS. 2D(F)
and 2D(G) and cylindrical cross-section FIG. 21)(H). As shown in FIG. 2D(A-H), spacers 150 may
include a surface 151 for matingly engaging 15 an active surface or back side of another
semiconductor device (not shown). Spacers 150 alternatively may be formed by dispensing dots. The
surface 151 of spacers 150 formed by dispensing dots may be rounded or include a projecting tail.
Spacers 150 may be positioned on an active surface 1239 of semiconductor device 132 or a back side

135 thereof, withoyt limitation.. 20 Furthermore, the present inventiop also.contemplates a multitude of
bonct pad and SR8 Al ARDUCIRE IS S S BABIGORAG 5t o N S8 Kb B G FRe 4B
invention, FIGS. 3Espicilvatfote vatens axemplanlariaogenedts afspacesssibotiondhe active
surface 129 of a semicaonductor device in relation to Igt?){g)nd,pads 134. In FIG. 2E, two substantially

cylindrical spacerS P56 e ol QP RUEALEgEN oL Y8 s tAcr d 2% il Shdkb9%0 is located

between corners dighoattdnpQRPOSHE REHRBGIAIGAIPLRrs aF(haderisendtistar deades: i £1G. 2F, a
spacer 150 is located near each of the four corners 155 of active surface 129. Only two cylindrical

spacers 150-are BSEPhIheERslEhEH ereReriplsral sdgeshatef PsoHBiRgndusitbABY Sschitent
opposite periphekgk &%@ﬁﬁx&ﬁip&fe&@q %%ﬁ@ﬂﬁﬁl@fl?%@ﬁ%@ﬁcﬁ’ﬁéﬁﬁ%tﬁ% jﬂ@ﬁﬂe %@ﬁﬁﬁe%éfﬂ of the

30 centrally located rows of bond pads 134. Of course, the diameter of the cylinders may be greater

than the lateral dffi&hdhefdhepeiaicopdetingdsiispgElEhdKiansrliddn1aats gebrrAeaatmey fr the
upper semicondU&tﬁf%%ﬁ%saEelﬁ$5@11ﬁr}fi@.Jzik9ﬁﬁ@@%%ﬁg%@_%ﬁ@@&%rﬁs@%@e\/ﬂ&@i%ﬂ&{alIy

triangular and generally square cross-sections, respectively, positioned at corners 155 of active

surface 129. In Fp@i_.amtmmpéréﬂgiat@@_p@@aéén@m_abea%beéamﬂwﬁthea@@égo;@@%%ﬁewﬁg located
adjacent to gy paition,of aRdAaalshwith G REIRREIRRE 98 Lal pidpsamicendHiRoMeyice and

the other two spacers 150 being similarly located adjacent to the opposite peripheral edge 157 of the

semiconductor déyesoF KERCOM epraie2s mé_s_d'rager@dhsetcwédt@m@tgf ol eeigestetirEisaceld aBdein FIG.
2K, the two elon%ﬁ%éH&fc‘%B? &es\gc:%reﬁﬁ%dﬂgﬂ?ﬁe spacers 150 shown in FIGS. 2E-2L are shown as

being positioned on the active surface 129 of a lower semiconductor device, the present
invention also contemplates that spacers 150 may be positioned on the back side of an
15  upper semiconductor device, as shown in FIG. 2C.

Thus, it may be appreciated that the bond pads on the active surface of the
semiconductor device may be configured in relationship to the size and position of the
spacers, as illustrated by FIGS. 2E-2L for providing sufficient accessibility to those
bond pads positioned centrally. In more detail, at least one of the side regions of a

20  multi-chip module, assuming the disposition of two semiconductor devices
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
components, such as, for instance, the connection pads of an interposer. Specifically, at

25  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
on the active surface 129 of a semiconductor device for providing an aperture for

30 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



adjacent and parallel to opposite peripheral edges 157 of the semiconductor device. 10 The four
elongated spacers 150 depicted in FIG. 2L are positioned to extend from a location adjacent corners
155 diagonally toward the center of active surface 129 of the semiconductor device. Although the
spacers 150 shown in FIGS. 2E-2L are shown as being positioned on the active surface 129 of a
lower semiconductor device, the present invention also contemplates that spacers 150 may be
positioned on the back side of an 15 upper semiconduc{gr device, as shown in FIG. 2C. Thus, it may
be appreciated that the bond pads on the active surface of the semiconductor device may be

figured in relationship to the si ition of th as illystrat FIGS, 2E-2L f
eroviding sUficioh RULLRAISI B8 0ot DB L Ao GA A RLA ) LR B ot loast ane of

the side regions @bai26hBibi-a Pt @daies Fsstiffingdimecdishesiieat §8oreNitDRdvatdr devices
superimposed with respect to one another and separated by spacers positioned thereb ESW en, may

be sized for provitfifCEUEBIHISIT UEeAPE 1LRRHERDEH OYSF TR USE SHRF ARS8 AdRductive

elements for elecigigabaANBRESIBN ipLRHIeRSiECKitah LRFAPORLHEWIUGTFERS, §B, ingante, the
connection pads of an interposer. Specifically, at 25 least one common aperture ,alonﬁ a peripheral

edge or sideYegiSTHPHE G aviasd YUhMIaYRs RASHIQRshiRAaREG P PltRIR ¥6nds

extending therethyough g3tth ' pplipaRily $8dheseaniesion RadsolamdatevePars dhlthesebnthr gpacers
150 shown in FIGS. 2E-2L are shown as being positioned on the active surface 129 of a

semiconductor d&WFERTET Hi8vidihgosHiapedtefinssniderihpads S ddiedsenineriitictonductive
elements, the preggatdsgyion also contemplates, as shown in FIG. 8A, that spacers 850 may be
formed over the discrete 15 conductive elements 838 following electrical connection. Spacers 850
may be positioned over’botfsqthes 8swigphipdes HinRisaeRidcEoRBIRBDI Vitrdrelabiyaly great

semiconduglgr deyies S308, ifPASUANGSLAVEF HEHYS BERIGPIIHARLAGYIES §300'0 Lo latian, thereto

by spacers 850. Alternatively, as shown in FIG. 8B, second 5 semiconductor device 830B' may be
positioned in relatiepther firsnisentlooiod dotas slepdcien@8onl. bixpherrspssioof 8paickrsi8BanasNche

formed over the %ﬁgﬁ%@n%?@gf'ﬁ%/ sresent invention may be particularly desirable, as discussed below.

A multi-chip module according to the present invention may develop thermal
stresses of lower magnitudes because direct affixation between stacked semiconductor
15  dice may be limited to the mechanical coupling due to the interposed spacers. Since
conventional multi-chip modules may be affixed to one another with a continuous layer
of adhesive with mechanical properties (e.g., modulus of elasticity, coefficient of
thermal expansion, etc.) that do not precisely correspond to the mechanical properties
of the semiconductor devices, stresses, such as thermal stresses, may develop between
20  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
spaces between the spacers at the periphery of the assembly provides more than
25  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.
As shown in FIG. 3A, a substrate 120, in this case an interposer, is provided. Of
30  course, the use of other types of substrates, such as circuit boards, semiconductor

devices, leads, and the like, in assemblies and assembly methods incorporating



elements 838' and positioned adjacent bond pads 834’ of first semiconductor device 830A'". As
described hereinabove, the present invention may provide relatively great 10 flexibility in the
arrangement of the bond pads of a semiconductor device over which another semiconductor die is
superimposed. Another aspect of a multi-chip module arrangement of the present invention may be
particularly desirable, as discussed below. A multi-chip module according to the present invention may
develop thermal stresses of lower magnitudes because direct affixation between stacked
semiconductor 15 dice may be limited to the mechanicagl coupling due to the interposed spacers.
Since conventional multi-chip, modules may he affixef to one another Wiéh a continuous layer of
=dhesive with meGHAHIEE HhaBeRERS o B IS N Br L hec S SRt PR AT 63 ehsion, etc.)
that do not precisgbecliiegpoiithiaitec piachamieddprop ertiessint the Samiconaduiciandevicss, stresses,
such as thermal stresses, may develop between 20 the semiconductor devici& It should be noted that

the present invenfi3iF ¥4 ot Bfécﬂﬁ B L BR Ut SRS 6 tUT SRR AW ENE Ut Gl OF any

semiconductor deyicesuibsh @sscleiexasmple. iniodastignahadialeriria unseitilblaxentberebetween.
In such an instance, the spaced relationship of the stacked semiconductor devices and the open

spaces between HHERFELEIS WG hAiPhBI)SHRtAd Z538RA5K! HSVIERERISREIREACY S SRR 8 pace
to accommodate @¥RaANFIBLPLE@REALIDN 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. As shown NeEEfGAsIROW B ihEfate B Aorstremiceadacior fieigsosiAids oV IR 30
course, the use of fherRIES %@&ﬁmg%@&v@bﬁéf%hﬁ%@?ﬁ% wemieendugipssidgvices, leads,

and the like, in assemblies and assembly methods incorporating 16 teachings of the present invention

are also within thela®speldbthByreseph snoemioirshedbeding Rlcaenstabennoeaegiise #rmed from
silicon, glasfy CergipiG; AL enTAENalde 8- SRyIRE Rim '65 1 ARG} ARG (S e FAPPET,
aluminum, etc.), or any other suitable material. Contact areas 124, shown in the form of bond pads,
are (e.g., thermoset resin, thermoplastic resin, epoxy, etc.). Discrete conductive
elements 138A, depicted as bond wires in FIG. 3B, are formed or placed as well known
in the art using a wire bond capillary between bond pads 134 of first semiconductor
device 130A and their corresponding contact areas 124 of substrate 120.
15 FIG. 3C illustrates that two or more spacers 150A may then be positioned upon
the active surface 129 of the first semiconductor device 130A. For instance, a volume
of adhesive may be applied in a predetermined volume to form a spacer 150A, the
adhesive at least partially unconsolidated (e.g., liquid, paste, gel, etc.) on active
surface 129 of first semiconductor device 130A. Upon curing, the predetermined
20  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
device 130A prior to curing of the adhesive material if the adhesive material in an
25  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
sufficient viscosity or surface tension to resist excessive spreading or flowing off of the
30  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



5 arranged on surface 122 of substrate 120 adjacent to a semiconductor device supporting region 123
of surface 122. Next, as shown in FIG. 3B, first semiconductor device 130A is positioned on and
secured to supporting region 123 of surface 122 by way of first adhesive element 126. By way of
example, first adhesive element 126 may comprise an 10 adhesive-coated structure, such as a
polyimide film, or a quantity of adhesive material (e.g., thermoset resin, thermoplastic resin, epoxy,
etc.). Discrete conductive elements 138A, depicted as b(P,FId wires in FIG. 3B, are formed or placed as
well known in the art using a wire bond capillary between bond pads 134 of first semiconductor

device 130A and their correspondi ontact areas. 124 of substrate 120, 15 FIG. 3C illystrates that
0 o1 more spacAIE BT R TS e S8 oA B e B e e 236 o TP
semiconductor dedigsil30iatEritl insiaacapascoldragn of, adiiasive, mayidshappliesh irrdamredetermined
volume to form a spacer 150A, the adhesive at least partially uncaonsolidated (e.g., liquid, paste, gel,
etc.) on active s@‘i’%@%a&f?ﬁ@ﬁ@&ﬂf@oﬂ?ﬁ%@ 8%%011%*“0%1“@%‘8&"8&?%?&5@ SH&RITFRHEd 20

quantity of adhesiye tmateiialimiay sause.ceauPEeaRaN iy PO NS eRpsrsemiganduaigr device
130B (FIG. 3D) to be spaced a distance substantially the same as a predetermined distance apart

from first semicofdUidfsRidetidbaieskno Lt dVEA DHEU AL dief eshmadiberaist edhreyessdaibfty be

positioned over thg st SNicABAIRILBWGRIAZOA RiREAICHINgIelbRadhesiveimalerabinihe
adhesive material in an 25 uncured state provides adequate mechanical support and, therefore, curing

of the adhesive Rftterbyaness B Dhed AslBgfiY eheretiaRigrANdiSo s RcaIBomigs {fé\ldecond

semiconductor deyice- 4308 ARMAULEAPRIGHRASY artitrble RiResIVeRsigTal i greferably have
sufficient viscosity or surface tension to resist excessive spreading or flowing off of the 30 active

surface 129 of thedlyémsderiicBitanmesmidaA8MIB0A. However, the viscosity of adhesive material may
permit a quggity thereop spread out somawhasikien Rlasssk Lonpmanivesudace 19 i hile
remaining relatively thick. By way of example only, adhesive material may comprise an epoxy, a
silicone, a siliconencaiisiyeetgiplied to each side thereof may be employed to form spacers 150A. For
instance, discrete pieces of double-sided tape may be placed upon the active surface 129
of first semiconductor device 130A. The thickness “Z” of the double-sided tape may be
selected so that the back side of the second semiconductor device 130B will not contact
15  the discrete conductive elements 138A. Such a configuration may reduce or prevent
electrical shorting of the discrete conductive elements 138 A with one another or with
the back side of the second semiconductor device 130B.
It should also be appreciated that spacers 150A may be formed on the active
surface 129 of first semiconductor device 130A prior to formation of discrete
20  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
process sequence may reduce manufacturing cycle times by enabling simultaneous
25  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.
As depicted in FIG. 3D, second semiconductor device 130B may be aligned
30  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



polyimide, an acrylate or a polyurethane. Some suitable dielectric adhesive materials are those
available from Loctite/Henkel, formerly Dexter Corporation of Industry, 5 California, and are known as
QUANTUM die attach and thermal adhesives. Other suppliers of suitable dielectric adhesive materials
include Ablestik, Hitachi, Sumitomo, and Advanced Applied Adhesive. A suitable polyimide is
polyamideimide (PAI), marked under the trademark Torlon by Amoco Corporation. Another suitable
polyimide is Bismaleimide (BMI). 10 Alternatively, a so-claéled double-sided tape comprising a dielectric
film having an adhesive applied to each side thereof may be employed to form spacers 150A. For

instance, discrete pieces of double-sided t be placed upon the active surface 129 of first
comicondlucior ABEE T30 A TR UL A P D LUK SRA) 8 4R S so that the

back side of the skeandiSeRigentsinicsceste. 1BRBsuddmibienittaciutbihi discistBonagdbetive
elements 138A. Such a confi%%ration may retguce or prevent electrical shorting of the discrete

conductive elemeHfSRBHAN I SRRGNEEHEY BF HiHh St difedey e SO A WEREBAduCtor device

130B. It should alsgbgianpresiatac thatispaaepscidon riay 1B, farmeshandhetpeivensurface 129 of
first semiconductor device 130A prior to formation of discrete 20 conductive elements 138A. Thus, the

size and postion BEFARESIAEAN il PRB BaNkbestned L dhanBe it reraigandusion davir ot diktrete
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as to not interfere with a wire bond capillary as empllgci;ed in a wire bonding process. Such a process

sequence may reRiieBitharciaeribg foyriedie saspehsnkgivfirafedee bR hsiagdretdbakers on

a number of semiganrguctendevisss sfusxampls by stereolithography, photolithography, stenciling,
etc., while the semiconductor devices are still at the wafer level. In addition, as illustrated in FIG. 2C,

alternatively, spacers n@p‘i@é@ﬂ%p@é@dt@ ﬁslf’{?@lbbbi_%@@@w ﬂﬁ@%ﬁqtgéﬁ%@éﬁ dé_i@i%ﬂd@\/f&ét_lsoa
As depicted; ) FIG. 3D, RRCONLSERUCORM IR AeYIEH dRQB fianie @liened 30 yith and positioned

over first semiconductor device 130A in a substantially parallel, planar relationship thereto and placed
upon spacers 150ArtEy imstdaied, Vel thioldegher t® coating. Such coating may be effected by

dispensing a low viscosity dielectric material over discrete conductive elements 138A,
by forming a dielectric coating thereover using stereolithography, or by other suitable
techniques. At least partially encapsulating or insulating discrete conductive

15  elements 138A, particularly the portions thereof proximate to the back side of second
semiconductor device 130B, may inhibit or prevent electrical shorting or other
undesirable electrical communications.

More generally, back side 135 of second semiconductor device 130B may be
electrically isolated from discrete conductive elements 138A that extend above the

20  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
using, for example, spin coating of a polyimide, oxidation or nitridation of the

25  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
may not be equal to the predetermined distance, depending upon whether or not

30  spacers 150A expand or contract upon curing or hardening. Of course, thermoplastic

adhesive materials may harden upon cooling, while other types of adhesive materials



place device may be used to align, position and place second semiconductor device 130B upon
spacers 150A. The second semiconductor device 130B may be 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 5 semiconductor device 130B may be smaller than the first semiconductor
device 130A, resulting in a pyramid die stack. Additionally, it will be appreciated that an inverted
pyramid stack may be formed, the second semiconductqr,device 130B being larger than the first
semiconductor device 130A. Optionally, prior to assembly of second semiconductor device 130B with

first 10 semiconductar device. 130A, discrete conduct ts 138 be at least partiall
neulated with & dIISOHE EEREI SR LA ) R BABCISERY DAL oh) Ve

dielectric materiat oyt disaretecconduatike &lesnasisat 38Alichy donbtirgsa Bielegirid eoatipg: thekgover
using stereolithography, or by other suitable techniques. At Ieaisé‘:‘?ia,rtially encapsulating or insulating

discrete conductiveR S WiBn BIECT 88 A 3L A M AFRS 5o BHRIGHE Wb P b AR YO HTE B ek side of

second semicongrsieyseleviferdwad cnaydpritRenravant alasblicabshentingmmetber (&pdesirable
electrical communications. Mor%generally, back side 135 of second semiconductor device 130B may

be electrically isGHHEd AbATRASE R 5 RATHAN SlctehsehE M ag A RO BEN L HHBE D SH Yctive

surface 129 of firgheesnicORANAANSHICE S\ by hEIpSLsPaseA anap:iiateirambRy.difligelic coating
on at least contacting portions of one or both of discrete conductive elements 138A and back side

135, or by any comfistich Brephaisgumlidréitric coating(s). A dielectric coating may be easily

formed on the back sident3 HSiRGwIPHPRINBIE. ARIRROASINGAE R @fémge}gq,z%ﬁsi@%gﬁ Qiritridation of
the 25 semiconductor material of the back side 135, application of an adhesive-coated dielectric film,

or other known teutinighe VAYstiserieRifdeto Peoiteored ReanecadiuPgdmidord setondevice 1308
are substanially SpAceeia 36! &'é%ﬁ@@<i§(ﬁ?ﬁﬁth%WeQE&qa{h%ﬁ@Sﬁ%m?Qaﬁtzq'8%%@@@1 9p fyay not

be equal to the predetermined distance, depending upon whether or not 30 spacers 150A expand or

contract upon cukhgtocildydenirgt Bfncopade | Mermdosiaiatit areas 124.

Once bond pads 134 of second semiconductor device 130B are in
communication with their corresponding contact areas 124 of substrate 120, a
protective encapsulant 40 may be placed over all or part of substrate 120, first

15  semiconductor device 130A, and/or second semiconductor device 130B. FIG. 3F
shows a protective encapsulant 40 over part of substrate 120, first semiconductor
device 130A, and second semiconductor device 130B. By way of example only,
protective encapsulant 40 may comprise a pot or transfer molded package, as shown in
FIG. 3F, a stereolithographically fabricated package, or a glob top type overcoat. As

20  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
compound (e.g., a two-part silicon particle-filled epoxy) using known transfer molding

25  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
example, each layer may be formed by selectively curing (e.g., with a UV laser) regions

30  of alayer of photocurable (e.g., UV curable) material, as known in the

stereolithography art. When protective encapsulant 40 is a glob top, suitable glob top



adhesive materials may harden upon cooling, while other types of adhesive materials 19 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, snap curing processes, heat curing
processes, chemical (in situ) curing, UV curing processes, microwave curing processes, or any
suitable combination thereof (e.g., UV 5 curing an exposed, outer portion of adhesive material, then
heat curing the interior portions thereof) may be used tcb ure a spacer 150A comprising a curable
adhesive material to at least a semisolid state. Next, as'shown in FIG. 3E, discrete conductive

elements 138B, again wire bonds by way of example, may be positioned between hond pads 134 of
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electrically conneglabordippessddharsosaniachareqsolidmPraedvod nagsulast obsecond
semiconductor device 130B are in communication wijth their corﬁsponding contact areas 124 of

substrate 120, a_protechVe AR R PRk SsP AIrd e pREBr A medeaI9o o hnst 15
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encapsulant 40 over part of substrate 120, first semiconductor device 130A, and second

semiconductor deitd eagBstyn disrised ahpediniEts ordaiecs emsatidnt Aomax g leattigrlse a pot
or transfer molded Nack@&g&casoRawii R ek, 13 SIErRMIPRA 3RRIGaRY fakisAlEd RACKRBIR! a

glob top type overcoat. As 20 noted previously, a dielectric underfill material may be introduced
between semicofeNitolt¥¥ices 130A and 130B after assembly thereof. Of course, known materials

and processes may be usedioNPIRHHBIE Ve aREARIHIAPA0 hika(BR!ded nbackade exBrIPle,
protective encapsulant 40 may be formed from a transfer molding compound (e.g., a two-part silicon

particle-filled e_poWMﬁ@ﬂH@dmﬁFa?@fé@ ﬁl@@irﬁf@‘bﬁ@ee@é@@ﬂiﬁﬁ@ﬁ TrRsfrate p Y itHErmoset resins
or thermoplggtic RQYMSLS. WihRPIRYCES BeiNgAJ0SIRRASING (SR & RRSPA¥GRIPound. In the

stereolithography example, protective encapsulant 40 may comprise a plurality of at least partially
superimposed, conigudds tmeighiiyhadiheestivr i gadingesrérrgito or output from semiconductor

devices 130 carried upon or adjacent to a surface 122 of substrate 120. Each contact
area 124 corresponds to a bond pad 134 on an active surface 129 of one of the
semiconductor devices 130 positioned upon substrate 120.

15 As shown in FIG. 3E, a first semiconductor device 130A may be secured to
substrate 120 by way of a first adhesive element 126, such as a quantity of an
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

20  way of discrete conductive elements 138A, such as the illustrated bond wires,
tape-automated bond (TAB) elements comprising traces carried on a flexible dielectric
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.

25 Second semiconductor device 130B may be positioned over, or “stacked” on,
first semiconductor device 130A. A back side 135 of second semiconductor
device 130B may be electrically isolated from discrete conductive elements 138 A 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

30  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



example, each layer may be formed by selectively curing (e.g., with a UV laser) regions 30 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 20 materials (e.g., epoxy, silicone, silicone-carbon
resin, polyimide, polyurethane, etc.) may be dispensed, as known in the art, to form protective
encapsulant 40. Protective encapsulant 40 may flow between first semiconductor device 130A and
second semiconductor device 130B and around discrete%&:onductive elements 138A. 5 Such
encapsulant disposed about discrete conductive elemerits 138A may electrically isolate discrete

ducti | ts.138A f back si 35 of d i duct ice 130B, An MCM
ooy accora T e L b s e e A i 5.

3E and 3F. The depictetsukstze AR isan ddhiiampaekeidwitl @t batciotidend patseovhich are
referred to herein as contact areas 124, through which electrical signals ariéi)n ut to or output from

semiconductor dﬁﬂ’d%%nfﬁﬁt%?ﬁ@&%b%qpor%fﬁ%ﬂf YRR 1SPIGFS AN S B ¢h contact

area 124 correspgiéséplashonsspad dh3fanaitive syireal 29yafirne@itibR Sarmitomeiictor
devices 130 positioned upon substrate 120. 15 As shown in FIG. 3E, a first semiconductor device

130A may be sectRRA0IcaTdarHb I ey Wik odhescrirstadipdsinaalnariniog Bydrsied slahy of

an appropriate thRyRReRlIESI: MmAYBRIY QiRiesrasanRsitive aslesivepan adhesive-coated film or
tape, or the like. Bond pads 134 of first semiconductor device 130A communicate with corresponding

contact areas 124 of sub¥teE Se205iP Ty aYdARERYEIBSEO ARG EL e SRAFRPREVESBAI Such as the

illustrated bond wirggcJaRRBHIRNRLCHHANG A ARSI RRER GRIBPUSING.laeRs AgYMRd on a flexible
dielectric film, other thermocompression bonded leads, and other known types of conductive

elements. Howev&riegiftbed asiaew thin el pdasoran usptgi i msesainic 6heh SIeFM9sti¢esTBoA may be
el 25 SSRGS A o
as WE707 by Kulicke & Soffa Industries of Willow Grove, Pennsylvania, and similar
materials sold by Dexter Corporation as QMI 536 may be used.
Bond pads 134 of second semiconductor device 130B may be electrically
connected to corresponding contact areas 124 of substrate 120 by way of discrete

15  conductive elements 138B. Discrete conductive elements 138B may comprise the
aforementioned bond wires, TAB elements, other thermocompression bonded leads, or
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.

20 Assembly 110 may also include a plurality of discrete external connective
elements 114 carried by substrate 120 and in electrical communication with contact
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

25  electronic components. Finally, assembly 110 may be encapsulated as depicted in
FIG. 3F, using any suitable protective encapsulant 40.

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

30  described in reference to FIGS. 3D-3E. It should also be appreciated that the present



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 30 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 21 semiconductor device 130A by way of spacers
150A interposed between and secured to active surfac %29 of first semiconductor device 130A and
back side 135 of second semiconductor device 130B. By way of example only, spacers 150A may

i th lasti in, ath in, , th itabl terial that, 5
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first and second semigen@uctor devices 130A, 130B. Of course, optionally and as previously noted,
the space between first_semiconductor device 130A and second semiconductor device 130B may be

underfilled, as known infh& PR RACLALESRTHSIL RIS TR, R SMARREnRtn P - Hage

epoxies, etc.) mayrBRmsademBrexRPlendauidie npaRsdan malesahseltiroPYEAAE isedicke &
Soffa Industries of Willow Grove, Pennsylvania, and similar materials sold by Dexter Corporation as

QMI 536 may be Uidgkf EERCAAdNCIorAIY St B BEMIEBAERDIRIAEP %08 ARy hEerderhediy
connected to cor@spepslingispatasisareas 124 of substrate 120 by way of discrete 15 conductive
elements 138B. Discrete conductive elements 138B may comprise the aforementioned bond wires,
TAB elements, other thdiffidetansresdfonORtEd RUSREGH aNRif BAbrkABWR tpé 1rsrriding to

conductive elemept fge exfending;oeWRes Aadiesiaistingdas dssiessemmynicationdeyeen a

bond pad 134 and its corresponding contact area 124. 20 Assembly 110 may also include a plurality
of discrete externditetiifetiN by stamehtd s adaesize domemstrdesudnas aditielidr@fcdl communication

with Contacﬁ(ﬁre%ér%?rﬁﬁ{é’ki%ﬂ&étQ%an?Q%Qﬁtﬂ%fﬁﬂ%@&%@9&&88\’@3&1@%?&@3 120, such as the

depicted solder balls, conductive pins, conductive lands or any other conductive structures that are
suitable for intercesHiesttingpateseiiplpri thpaniththeHre extepsand semiconductor device 230B, which

may be substantially identical to first semiconductor device 230A, may be positioned

over, or “stacked” on, first semiconductor device 230A. Discrete conductive

elements 238 A access bond pads 234 A through the side apertures formed between the
15  opposing surfaces of the semiconductor devices 230A, 230B.

Spacers 250 may be positioned proximate each corner of and between first
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

20  position first semiconductor device 230A in relation to second semiconductor
device 230B. Further, spacers 250 may affix first semiconductor device 230A to
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

25  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
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

30  may be electrically connected to corresponding contact areas 224 of substrate 220 by

way of discrete conductive elements 238B. Discrete conductive elements 238B may



25 electronic components. Finally, assembly 110 may be encapsulated as depicted in FIG. 3F, using
any suitable protective encapsulant 40. 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 30 described in
reference to FIGS. 3D-3E. It should also be appreciated that the present 22 invention contemplates
more than three semiconductor devices in a stacked arrgngement. In a further aspect of the present
invention, by employing the spacers of the present invention, two or more side apertures formed
between the opposing surfaces of 5 stacked semicond evices m ovide access to bond pads
i sl
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assembly 210 acsondiipléadiner pigseheitueiiofypdef dincectir sbaamiconduaten dRyieacivgmay be
secured to substrate 220 by way of a first adhesive element 226, such as a qu ntitgzgf an 10

appropriate thermSS&eraaR! &S HRHN B e U OENEVS ARG DR HA BaR Ga 8% or
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semiconductor device 230A, may be positioned_over, or "stacked" on, first semiconductor device
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between the 15 ppesingsyfagesniEhe semisqndiyHandeyicard38id ga@Br3apacers 250 may be
positioned proximate each corner of and between first semiconductor device 230A and second
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a quantity of presgijgusgys v AANERYShaR 999&%‘(%‘%%&%%%%%%&%@%%&\%il‘é?ni%ﬁﬁ&ﬁ@{eg'%
spacers 250 may 20 position first semiconductor device 230A in relation to second semiconductor
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electrically
discrete spacers 250, the active surface of the first semiconductor device 230A and the

back side 235 of the second semiconductor device 230B for communication with
corresponding contact areas 224 of substrate 220.
Thus, the present invention provides a configuration wherein conductive

15 elements may extend from centrally positioned bond pads of a semiconductor device
over which another semiconductor device is positioned through at least one common
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

20  plurality of peripheral or side apertures for the ingress and egress of discrete conductive
elements, such as wire bonds.

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

25  areas 224A of substrate 220 by way of discrete conductive elements 238A. The discrete
conductive elements 238A pass between spacers 250. A common aperture exists
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

30  corresponding contact areas 224B (FIG. 6B) of substrate 220 by way of discrete

conductive elements 238B. Contact areas 224A and 224B are arranged on the



isolated from discrete conductive elements 238B either by being spaced apart therefrom 25 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 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 30 may be electrically connected to corresponding
contact areas 224 of substrate 220 by way of discrete ciwductive elements 238B. Discrete conductive
elements 238B may 23 comprise the aforementioned bond wires, TAB elements, other

thermocompression bon leads, or any other known type of discrete conductive, element for
extending. bomeRIP BTG CRPUSERal Eo R PR A BbAd Fad BB i
corresponding caogltzetiéredal2donlhewsesdnicirueodinduotiay sleemnosigteanartagsbond 5 pad
configurations. As shown in EIG. 5, bond pads 234B comprise both centrally located bong pads 234B

P
as well as peripherally 16¢5tet458HdS pIoARd RSEREFHNY, ey et RivErRisHReHt8hiBfates that at

least two discretg sandeativieiglemnpisomay sharevaRPENRAA RS BITe facmes hgtween two
semiconductor devices. Discrete conductive elements 238A of first semiconductor device 230A may
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second semiconductor device 230B for communication with corresponding contact areas 224 of

substrate 220. THGENAMEBIESEAESRAGRN pREViRS HieseiguidlasAThsidmitorigetved P5varshents
may extend from entraly Rasitisnadhensk Rads kansepHgrnaraRs deyien QVEE Wiich anpthebr

semiconductor device is positioned through at least one common aperture formed between spacers,
the active surfacdhstiify stmdenddciciodalisoddpAvMmsldlitiooeibr: sechipeonplired reivicefis positioned,

and the baci@Sid%ﬁfi'ﬁf-%ﬁ?F%%ﬁléﬁ‘ﬂﬁf‘% SRINicanenstor devigs, QUG AN eI AR RE.advantageous

to provide a 20 plurality of peripheral or side apertures for the ingress and egress of discrete
conductive elemepndusurh demenes B38ds which pass through the aperture formed between

spacers 350, the active surface of the first semiconductor device 330A and the back side
of second semiconductor device 330B. Moreover, the bond pads of the first
semiconductor device 330A are arranged in both the central region and the peripheral
15  region of the active surface of the first semiconductor device 330A. Contact areas 324
are arranged adjacent each side of first semiconductor device 330A. Centrally located
bond pads 334 A 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
20  conserves material in comparison to adhesive “pillow” spacing techniques and
avoids CTE mismatch problems associated with the interface between the adhesive and
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
25  provides an extremely flexible, simple yet robust packaging method and resulting end
product.
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

30 invention may be devised that do not depart from the spirit or scope of the present



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 25 areas 224A of substrate 220 by way of discrete conductive
elements 238A. The discrete conductive elements 238A pass between spacers 250. A common
aperture exists between spacers 250, the active surface of the first semiconductor device 230A, and
the back side 235 of second semiconductor device 23055 Centrally located bond pads 234B of
second semiconductor device 230B are electrically connécted to 30 corresponding contact areas
224B (FIG. 6B) of substrateﬁ]ZZO bg a fgiscrete conductive elements 238B. ch[ﬁinact areas 224A
and 2248 are ariRGRHh e DA SRR A3 SRR SRS SRR ctor device
230A, allowing elggitcapissiatiombaineaen disgiieccontvativeidnans 2aghypid 2pRdEG. 7
depicts an explodcfd perspective view of another embodiment of the inyention,_multi-chi@ module 310.

Multi-chip modulé 3 TBSAR Y Lol UK REbN GRIBES BB HACERIN §ECERHSRate 320, and a

second semicondideligiordevigetida0 Binldhfoseeeithae biaanaveiRiodeNica FRABI haesitianechaypr the
first semiconductor device 330A and is positioned in relation thereto by spacers 350, which extend

from the bacR sid®5H8LBBMFIEMCBITNIORST YT BBUES (hBAMVESHUHACEBY - the first
semiconductor device 330A. Additionally, each peripheral region of a 10 multi-chip module 310, as
shown in FIG. 7, encompasses two or more discrete conductive elements 338A, which pass through
the aperture formed between spacers 350, the active surface of the first semiconductor device 330A
and the back side of second semiconductor device 330B. Moreover, the bond pads of the first
semiconductor device 330A are arranged in both the central region and the peripheral 15 region of the
active surface of the first semiconductor device 330A. Contact areas 324 are arranged adjacent each
side of first semiconductor device 330A. Centrally located 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



20 conserves material in comparison to adhesive "pillow" spacing techniques and avoids CTF
mismatch problems associated with the interface between the adhesive and 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 25 provides an extremely flexible, simple yet robust packaging method and
resulting end product. Although the foregoing descriptio&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 emb(%g{m of the 30 invention may be devised that
do not depart from the spirit or scope of the present I tion. Features from different
embodiments mawhs éneployed i combination. 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 additions, deletions, and modifications to the invention, as disclosed herein, which fall

5 within the meaning ang. scopg efdhe¢RiNtsaim i heudmEiaceddur alyngbsifd: AIMS What is
claimed is: 1. A method for forming a multi-chip module, comprising: 5 providing a substrate including

a plurality of SontBtQAtiE o1 B Ualsdrel ding 4P urlitying SORRG LErATIM A SRS e aving an
active surface incleiding anivsalitnefohandopadsiant.iRaek aldr Oye-bask Side 1o phesuberate

surface; disposing a plurality of discrete spacers on the active surface of the first semiconductor

device; 10 placing discr@®nemadeiaide Spsth e ehidas tedpiia- ey SrBERISgEas o the first

semiconductor d%lYé?_% at'aﬁlpiﬁ@lgﬁ’d?i&%t?@c%@%% aidhe SR Wit HRIGHiala RREipnS of
the discrete conductive elements passing over the active surface and through a space between two of

the plurality of discrete $}$aé&¥s; and

10 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
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

15 semiconductor device, the back side of the second semiconductor device being
separated from the active surface of the first semiconductor device by the

plurality of discrete spacers.

2. The method of claim 1, wherein providing the substrate comprises
20  providing one of a circuit board, an interposer, another semiconductor device, and

leads.

3. The method of claim 1, wherein placing the discrete conductive
elements between the plurality of bond pads of the first semiconductor device and the
25  plurality of contact areas of the substrate comprises at least one of wire bonding the
bond pads to the contact areas, tape-automated bonding the bond pads to the contact

areas, and thermocompression bonding leads to the bond pads and to the contact areas.

4. The method of claim 1, wherein disposing the plurality of discrete
30  spacers comprises forming at least one of the plurality of discrete spacers adjacent at

least one corner of the active surface.



superimposing a second semiconductor device having a back side over the first 15 semiconductor
device, the back side of the second semiconductor device being separated from the active surface of
the first semiconductor device by the plurality of discrete spacers. 2. The method of claim 1, wherein
providing the substrate comprises 20 providing one of a circuit board, an interposer, another
semiconductor device, and leads. 3. The method of claim 1, wherein placing the discrete conductive
elements between the plurality of bond pads of the first S miconductor device and the 25 plurality of
contact areas of the substrate comprises at least one of ' wire bonding the bond pads to the contact
areas, tape-automated bonding the bond pads to the contact areas, and thermocompression bonding
leads to the bond pads and to the contact areas. 4. The method of claim 1, wherein disposing the

plurality of discrete 30 spacersTiympises idrnilig atvarstianispbihe pharpliyabfydiselstecspacers
adjacent at least one corner of the active surface. 27 5. The method of claim 1, wherein disposing the

plurality of discref@&5ELEPERENTH HEBIRS AilgSaL RSt HROPOFTHELR: L6 BF REEFSUEYrs adjacent

opposite peripheigiridgep&ipheracdiue suffdeach @ shtesethod of claim 1, wherein disposing the
plurality of discrete 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 semigpnduciaf.dgvirsdsic: thenbrakRidencfithessecanrd i Sppisendystor device. 7.

The method of claim 1, wherein disposing the plurality of discrete spacers comprises forming the

plurality of discret@SECEREREMRSIHBIAHNEGE AsRe! Selstdsrhflisosege Trreitethds ol wality of direrden
forming the pluralify, Qf dligargie SPRAANSthat defines a substantially consistent distance between the

active surface of the first semiconductor device and the back side of the second

10  semiconductor device.

7. The method of claim 1, wherein disposing the plurality of discrete
spacers comprises forming the plurality of discrete spacers from photoimageable
material.

15

8. The method of claim 7, wherein forming the plurality of discrete spacers

from photoimageable material comprises forming each of the plurality of discrete

spacers as at least two superimposed, contiguous, mutually adhered layers of material.

20 9. The method of claim 1, wherein disposing the plurality of spacers
comprises forming the plurality of spacers of at least one of an adhesive paste, a
flowable adhesive, a thermoplastic material, a thermocurable material, and a dielectric
material comprising a tape having an adhesive on each side thereof or a tape coated
with thermoplastic material.

25

10. The method of claim 1, further comprising:
encapsulating at least portions of the first semiconductor device, the second

semiconductor device, the discrete conductive elements, and the substrate.

30 11. The method of claim 10, wherein encapsulating comprises one of

transfer molding, pot molding, and glob top encapsulation.



from photoimageable material comprises forming each of the plurality of discrete spacers as at least
two superimposed, contiguous, mutually adhered layers of material. 20 9. The method of claim 1,
wherein disposing the plurality of spacers comprises forming the plurality of spacers of at least one of
an adhesive paste, a flowable adhesive, a thermoplastic material, a thermocurable material, and a
dielectric material comprising a tape having an adhesive on each side thereof or a tape coated with
thermoplastic material. 25 10. The method of claim 1, fug}per comprising: encapsulating at least
portions of the first semiconductor device, the second seémiconductor device, the discrete conductive
elements, and the substrate. 30 11. The method of claim 10, wherein encapsulating comprises one of
transfer molding, pot molding, and glob top encapsulation. 28 12. The method of claim 10, wherein

encapsulating comprisesZormimgenpitiiadityfof ahdastpritallyrapaiinpesadn sontigeausagnutually
adhered material layers. 5 13. The method of claim 12, further comprising forming the plurality of at

least partially supSHARBR 6 GaBi DHSHRTEIYPOSHL P HEt SR RaieEakable

material. 10 14. Aapgthod 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 a back
side and an Active surface including a plurality of bond pads, by the back side to the substrate surface;

disposing a plurality of discreterspagefisoarnthe.antive ﬁﬁf%?%&ﬁﬂﬁi%iﬁ?}“&%ﬁﬂg%@Bﬁl%it%ﬂ@ﬁ/ ice;
placing discrete conductive elements conductively between the plurality of bond pads of the first

semiconductor déSASEPAHIAtE BRGFERBCS brnaitt e gt inby adhsipdmatstetouistE P8 ions of the
discrete conductiyg fleMapts RagsiRg over

10 14. 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 a back side and an active surface
including a plurality of bond pads, by the back side to the substrate surface;
disposing a plurality of discrete spacers on the active surface of the first semiconductor
15 device;
placing discrete conductive elements conductively between the plurality of bond pads
of the first semiconductor device and the plurality of contact areas of the
substrate, intermediate portions of the discrete conductive elements passing over
the active surface of the first semiconductor device and through a space formed
20 by the active surface and 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
plurality of discrete spacers.
25
15. The method of claim 14, wherein placing the discrete conductive
elements conductively between the plurality of bond pads of the first semiconductor
device and the plurality of contact areas of the substrate comprises at least one of
tape-automated bonding the bond pads to the contact areas, and thermocompression

30  bonding leads to the bond pads and to the contact areas.



the active surface of the first semiconductor device and through a space formed 20 by the active
surface and 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 plurality of discrete spacers. 25 15. The method of claim 14, wherein placing the
discrete conductive elements conductively between thezglurality of bond pads of the first
semiconductor device and the plurality of contact areas of the substrate comprises at least one of
tape-automated bonding the bond pads to the contact areas, and thermocompression 30 bonding
leads to the bond pads and to the contact areas. 29 16. The method of claim 14, wherein disposing

the plurality of discrete spgacersTaemptisebapraxiding aileasinsdlgeidddiseigieSpactdRidhe plurality
of discrete spacers to have a height that defines a subs%%ntially consistent distance between the 5

active surface of tRERFSCEBIIESH AICYH B HEWhEFIREWaUR RS BPHTE L dBRE WaHRBhHETEY

device. 17. The nggibed &f kaatm hdighh@reidetisRos bt ity Kt crien GPaadisaqnRprises
forming the plurality of discrete s%%(/:fers from photoimageable 10 material comprising at least two

superimposet, catiytistLashliin Rsratreaguriossristetnd. haberesie tidiotcdith 14, further
comprising: encagsyladingaloeastip@rtions of the first semiconductor device, the second 15
semiconductor device, the discrete conductive elements, and the substrate, encapsulating comprises
forming a plurality of at least partially superimposed, contiguous, mutually adhered material layers

from a photocurable majeyial. $R. AEsHOR fofifQTRiRcha-MipARIE AR CRMRISING: 40 providing
a substrate including a plurality of contact areas on a surface thereof; securing a first semiconductor

device, having a bRsRsidenapiisenfaateedherabuality of discrete spacers from photoimageable

10 material comprising at least two superimposed, contiguous, mutually adhered layers of

material.

18. The method of claim 14, further comprising:
encapsulating at least portions of the first semiconductor device, the second
15 semiconductor device, the discrete conductive elements, and the substrate,
encapsulating comprises forming a plurality of at least partially superimposed,

contiguous, mutually adhered material layers from a photocurable material.

19. A method for forming a multi-chip module, comprising:
20  providing a substrate including a plurality of contact areas on a surface thereof;
securing a first semiconductor device, having a back side and an active surface
including a plurality of bond pads, by the back side to the substrate surface;
disposing a plurality of discrete spacers on the active surface of the first semiconductor
device;

25  placing discrete conductive elements between the plurality of bond pads of the first
semiconductor device and the plurality of contact areas of the substrate, the
discrete conductive elements having intermediate portions passing over the
active surface of the first semiconductor device and through a space between

two of the plurality of discrete spacers; and



including a plurality of bond pads, by the back side to the substrate surface; disposing a plurality of
discrete spacers on the active surface of the first semiconductor device; 25 placing discrete
conductive elements between the plurality of bond pads of the first semiconductor device and the
plurality of contact areas of the substrate, the discrete conductive elements having intermediate
portions passing over the active surface of the first semiconductor device and through a space
between two of the plurality of discrete spacers; and 30 6uperimposing a second semiconductor
device having a back side over the first semiconductor device, the back side of the second
semiconductor device.bein separate&i from the active surface.of the first.semicondugctor device by the
plurality of discre Rt R ARBPSIIE 3SRt SRS YA o e s L Aebritvg s s liRbting at foast
portions of the first semiganidusthicte\deeicH)ehsanerdigenticeddoiar daviashdhadigerete beinguctive
elements, and the substrate, encapsulating.comprises forming a pluralria/lfof at Jeast ;[)?grtially

superimposed, 10 contigERAIAShIFRIR S YR G aTe RS HR HomCalsHstotdrsise W absrial,

plurality of discrete spacers.

20. The method of claim 14, further comprising:

encapsulating at least portions of the first semiconductor device, the second
semiconductor device, the discrete conductive elements, and the substrate,
encapsulating comprises forming a plurality of at least partially superimposed,

10 contiguous, mutually adhered material layers from a photocurable material.



