TITLE OF THE INVENTION ASSEMBLIES AND MULTI-CHIP MODULES
INCLUDING STACKED SEMICONDUCTOR DICE HAVING
CENTRALLY LOCATED, WIRE BONDED BOND PADS
CROSS-REFERENCE TO RELATED APPLICATION [0001] This is a new
application filed under Section 26(11) of the Singapore Patents Act
claiming the earlier filing date of Application No. 200404317-0 filed on 29
July 2004. BACKGROUND OF THE INVENTION [0002] Field of the
Invention: The present iV HtdRt rglgfe%\éﬁg 0 semiconductor
device assemblies, or so-called "multi-chip modules,” and, more
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from a central region of the lower semiconductor deV1ce 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.

[0003] 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 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.



[0004] 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 include
semiconductor devices with differing functions (e.g., memory, processing
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higher semiconductor 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 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.

[0007] 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”). The



Patent 5,323,060, issued to Fogal et al. on June 21, 1994 (hereinafter "the
"060 Patent"). The 2 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 semicaonductor devices of each of the
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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 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.



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. 3 [0009] 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 semiconductaor devices are not
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semic SEmiconducior device arrangements have been formed from

diedd6fic-Coateat isiiddy) when a particular amount of spacing is needed between
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 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 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



(which may be cut from scrapped dice) or a polyimide film. An adhesive
material typically secures such a spacer between adjacent 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 4 two adjacent
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A back side 35 of second semiconductor device 30B is electrically isolated from discrete
conductive elements 38A. Second semiconductor device 30B is secured to first semiconductor
device 30A by way of an adhesive 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 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



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 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 encggzulant
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[0016] 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.

[0017] 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 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



[0017] 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
formed between the spacers, the active surface of the first semiconductor
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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 formed on a back side of
the second semiconductor device before placing the second semiconductor device over the first
semiconductor device.

[0022] 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 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.



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 formed on a back side of the second semiconductor
device before placing the second semiconductor device over the first
semiconductor device. [0022] Various types of materials, including,

without limitation, epoxies, silicones, silicone-carbon resins, polyimides,
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surface of the first semiconductor device, it is preferred that the back side of the 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 at least portions of the discrete conductive elements
that contact the back side, or some combination thereof.

[0026] Of course, assemblies incorporating teachings of the present invention may
include more than two semiconductor devices in a stacked arrangement.

[0027] Once the semiconductor devices of such an assembly have been assembled with

one another and electrically connected with a substrate or with one another, the assembly may be



surface of the first semiconductor device, it is preferred that the back side
of the 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 at least portions of
the discrete conductive elements that contact the back side, or some

packaged RKHAABIARPAGE FH0D8] It S8 ngs Sarfiiae in dErpdratit ¥egcitgEon

moldir¥, e PIESeIH iR veRtianHYapiicidenmess than two semiconductor
devices in a stacked arrangement. [0027] Once the semiconductor

QUL SPUEHCAR TS BBy IR bR RIS AL IBUCRAPR Shk besomeRRpgent to

those @lekiicalyeGRNMeeigH Yilki daulsiEtth Ot @aesansiber (ibacrsagmbing
may be 8 packaged by encapsulation as known in the art using, for

drawingg - tRB L trRREAEF oMy, injection molding, pot molding or

stereolithographic techniques. [0028] Other features and advantages of

the present invention will m ren those of skill in the art

through consider%ﬁgrj‘ll: of ﬁéﬁgﬁﬁ)&%@g&%%&#ﬁ%ﬁ\@8m panying

dreo2919s Fasdithenapps ndetoakaimsew BRAEEHBHESC RiftddEN 1B dfdEonventional

. DRAWINGS [O%%f}]_FIG. 1 is a cross-sectional view of a schematic
semicqudiOL HISASITBP Y conventional semiconductor die assembly: [0030]

Hi6B38A iFEGperspechve mpsaeniieniel At and enekadioiemnenf @nn assembly of
h assembly of the present invention; [0031] FIG. 2B is a perspective
the preseREMEIT AW of another embodiment of an assembly of the present

invemtion FICN3B] ik Kpedépdsiaparspaiveeasseambliieriembotianathef an assembly
fth embodiment.of an assembly of the present invention; [0033] FIGS.
ot the BESTAY S ERY Ute partial perspective views of semiconductor dice having

diffesentlyroonfigused sppeaiscsestiigsioiavsurfacaihare®tidiment of an assembly

of the present invention;

[0033] FIGS. 2D(A)-2D(H) are partial perspective views of semiconductor dice having
differently configured spacers secured to a surface thereof;

[0034] FIGS. 2E-2L are plan views of semiconductor dice having spacers secured to the
surfaces thereof in different locations;

[0035] FIGS. 3A-3E are schematic representations depicting fabrication of the
assembly depicted in FIG. 3F;

[0036] FIG. 3F is a schematic representation of one embodiment of an assembly
incorporating teachings of the present invention;

[0037] FIG. 4 is a cross-sectional representation of another embodiment of an assembly
of the present invention;

[0038] FIG. 5 is a perspective view of another embodiment of an assembly of the

present invention;



[0034] FIGS. 2E-2L are plan views of semiconductor dice having spacers
secured to the surfaces thereof in different locations; [0035] FIGS. 3A-3E
are schematic representations depicting fabrication of the assembly
depicted in FIG. 3F; [0036] FIG. 3F is a schematic representation of one
embodiment of an assembly incorporating teachings of the present
invention; [0037] FIG. 4 is a cross-sectional representation of another
embodiment of an assembly of the present invention; [0038] FIG. 5 is a

390 cifACUiBG B RETRRS T oS s REEIMSTY B RS saEbnef the

presentMe8ias; 9 [0039] FIG. 6A is a perspective view of another embodiment
of an assembly of the present invention; [0040] FIG. 6B is a

HOL e FiGh QB dpPeLeiatidiPBr i S SSUMINY fefrofstrbh Eerggled in FIG. 6A;
[POell] FIBIG. T5ia Pesspeciive assapiphiciesr piivabarethesembadiorant

of an assembly of the present invention; [0042] FIG. 8A is a schematic

assembly oL the PreseRI SR WMo of another embodiment of a semiconductor
RaTblyRG e pEesRnE veNtips RAR A48 h e §Bosactehiesndidiment of a

representation of aéEortion of yet another embodiment of a semiconductor

semicopduciAhAsSSPIRY BHASERISHAL MHUSEFAILED DESCRIPTION OF THE
INOGER T1OiG; (8844 L Ganaially rdpr Rifsest tTvepsigdconiempies thtodiment of

Spacers may be disposed between adjacent semiconductor devices

a semigQRdUCIORAT ST RACRN RS RTRSI LY GUIRIE surfaces of both of the adjacent
semiconductor devices may be oriented in substantially the same
direction. Also, the semiconductor device havinggﬁn active surface

directly facing B%%%%E&&%ﬁ&%}&’&%ﬁ%%@ﬁ#c AEIOF Rvice may
inobade centiatyioeaigs-bandmragisdinat ampise doadgshderanayhstatposed

betweq?él#é%%g}? ?glr%i%i)ar;%?lgtggaevpi(r:gg”éjo?n%?isl\iﬁg 'zl/lnvl{l/llt(t}]l\l/lm F1):ruor\t/}(19ecri ftlﬁé( Iabcltliszye EsjllTrcgaces of
both of the adjacent semiconductor devices may be oriented in substantially the same direction.
Also, the semiconductor device having an active surface directly facing a back side of the
adjacent semiconductor device may include centrally located bond pads that are wire bonded to a
substrate. Such a configuration may provide an MCM with improved flexibility and reliability.
As used herein, the term “semiconductor device” includes, for example, a semiconductor die of
silicon, gallium arsenide, indium phosphide or other semiconductive material configured as a
processor, logic, memory or other function, wherein integrated circuitry is fabricated on an active
surface of the die while part of a wafer or other bulk semiconductor substrate that is later
“singulated” to form a plurality of individual semiconductor dice.

[0045] In one exemplary embodiment of the present invention, FIG. 2A shows a
perspective view of a semiconductor device 130 having bond pads 134 and generally 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.
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As used herein, the term "semiconductor device" includes, for example, a
semiconductor die of silicon, gallium arsenide, indium phosphide or other
semiconductive material configured as a processor, logic, memory or
other function, wherein integrated circuitry is fabricated on an active
surface of the die while part of a wafer or other bulk semiconductor
substrate that is later "singulated” to form a plurality of individual
semlconductor dice. [0045] In one exemplary embodiment of the present

in0&Hon SIS SRR £ OBt tRRS Diirefa ddinibsravRior gasheide

thereofl hhaving bewog: Radeds3¢ Aag genalialhe reclanBHa (SBRORYSvE 30 ace 129 of
disposed proximate the four comers of semiconductor dewce 130 on the
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another semiconductor device S&Ej)erlmposed over semiconductor device
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and adhered to i]e active surf ce 129 of semiconducto dewce

technigiies A7 ARASKP ‘95888 1B6KTHS: ’;9"8??8?}1‘%&8 AP oMY B R APS ﬁ&tﬂ%PBFauon

a liquiguableapelsigargel o mielecfitymateriad uponithe agtiveiswiiacsld #lterial, on the
sing a dispensing nozzle or a stencil. |n a further alternative, spacers
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desiredlgyicer l&ﬁtbmet&rephhb@g naeﬁhg epehaidbitagnaptpactechniguesiamuniduyer

in th art. In stereqljtho techniques sujtable for such an a I|c tion,
sructof S ST T QIS VB D A S R and i be
formecphloﬁoleaageabtepﬂaﬁqnabcblcﬂﬂegmﬁymﬁmﬂagzedﬁﬁedeewenyquaedlby Such an

exposure er b am of ap r velen th.at desired spacer
operat) 8‘&5‘%‘%3 %“6?’ %818 %E‘) Vﬁ.gRB? a%&ré‘{%“;!:)at Vide
Photolithdlipitajyieic mmmwmﬂhlefespfaﬁexsﬂﬁepappayanhmsdm fayoned dielertric material
such a?a qlrlnn%%eabl%engattlevgasu ace fﬁgm d g}%a?i% IFaSt thon n-coatin )

mpose contiguous, mu uaI ly*adnéted ayerspo? MIAteria. Oéu%]h £

followe@esatmskmgyvhh aiplwabdpmexfﬂnmed mﬁdmwafehdqx&eitqmemttm pietect the
diclec§jISRLON,, Eotolhagraphic teahniducs inuelke, oF Gxample

application of yer of dielettfic ma “Buch'asa po y|m|

unprotaaﬁdécmarfame eﬂamaieel(sbphthKagmjmfspu&wﬂgsed spiioroogiing)s from

Ct aterial at
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photoresist material itself at desired locations by application of the photoresist followed by
selective exposure through a mask.

[0047] Semiconductor device 130 may comprise any one of various known types of
semiconductor devices, including memories (such as DRAMs, SRAMs, flash memories,
EPROMs, EEPROMEs, etc.), microprocessors, application specific integrated circuits (ASICs),
digital signal processors (DSPs) and the like.

[0048] Side region 140 of semiconductor device 130 may be sized and configured to
encompass the lateral extent of the area on which bond pads 134 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
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followed by masking with a photoresist, selective exposure of the
photoresist to protect the dielectric material at the spacer location, and
subsequent etching of the dielectric material at unprotected locations.
Alternatively, photolithography may be used to form spacers from
photoresist material itself at desired locations by application of the
photoresist followed by selective exposure through a mask. [0047]
Semiconductor device 130 may.comprise any one of various known tﬁ)es

may beragit RO GBI b SN FICILIARG 1N HORS 81 St EH AL BRssRigIs e the

center Ba g Memaidsct &R $ 36 ERRLMS, £16 InBRIStORIAEaSSe Siea@liGadifion
specific integrated circuits (ASICs), .digital signal praocessors (DSPs) and

may bEHRRIEE SIS Srid YeBIoH 48 Br-SanTitnaberst i 136 rajgeed m a

varietySiZef ek coafigwied 10y ancosRASHiagiateral exdant ofitheoatem@N134” in
which bond pads 134 are Eﬁositiongﬁleut arg]other way, bond pads 1

ds 134 .
FIG. 20, e ATS APPSR B ARG by TSRS S OSE TS i Yapatiss fH’tP?éema“Vd-‘/’

as sho®@NIEFIGf SBMeantkiciak devitr dnddcofr dachof 3pasais bt shavind

) hin FLG.SZ\S@%S q,pads 134 11 may be arranged and oriented in a single,
periphggal hop }%; an axis located generally through the center of the

SpoMoPndRieicsrdesive haPhilewenarhit 13 undarstaosiiaguibe foregRiting wire

invention may be implemented ysing a semiconductor chip havi ond
bonds (ot LI SRR PAA AP SRR oY LR A AR i fgions 140
and 14Qfthondipads 134 dsigcihabeilare BNd Patisa L34l gurktitn 26y Mowit@rplacement of
shown in a parallel, centrally located double-row formatjon or, .
anothep yeieen NI, e gl heNE o RS R NSRSt el 129 of
semicdidcineliding Mrithwidbinad anet tpgripiheahto nehpadsva34/hiQ04Q) Spaaesom

50A may have ight, "Z," which js configured far allowing wire bonds
centralf Y PR R fo 0 SHTE s BiErAA0 T dward sither of
sidestdgidnsudetbeand AR winvbitdonéra xceeding thehbgightnZinveuidbnalepicted in

FIG. 2 A e et R oe 1 3 e BASHAS BRharical
shown), adjacent and superirniposed above dctive surface 0

spacerséftiBafisjustal geviaettIDeVfitinotdroantaivigiviidusands (ivet1Siowmdhe active
surface\g egt: é%gl%%‘)f ﬁ%%}%)ﬁoﬁerﬂ%ag% oﬁlaCE% eba%nlgp e?rds%r%as(% tlcg,ilﬁl:(:\iwﬁlltcrﬂlezlrrg f
configured for abutting against the back side of another semiconductor device superimposed over
semiconductor device 130'.

[0051] As shown in FIG. 2B, bond pads 134’ may be arranged and oriented in a single,
linear row along an axis located generally through the center of the semiconductor device 130" as
well as along the periphery of semiconductor device 130" adjacent both side regions 138 and 136
of semiconductor device 130". Accordingly, side region 140’ 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 discrete conductive elements in the form of wire bonds (not shown)
extending from at least one of bond pads 134’ to a position exceeding the periphery of the

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
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[0050] In another exemplary embodiment according to the present
invention depicted in FIG. 2B, semiconductor device 130" may comprise
bond pads 134" and substantially cylindrical spacers 150B disposed
proximate the four comers of semiconductor device 130' on the active
surface 129' thereof. Spacers 150B may each include an upper surface
151B, which are configured for abutting against the back side of another
semiconductor device suggrlmposed over  semiconductor device 130'

configyspk iqr RasHigHTHOeRES DIt B s Adine Hap Bhlst bt Jpad pads 134/ 0 a

positicarisRtediiy ehsipgiphdieaiieoveaebadanaxisJacared geneially iacoughihess
center of the semiconductor deyice 130" as well as along the periphery. of
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of spa&eMiSOBAHLIWederdeantBEbnASCRIIBOPAS Sifte wagibond 4 h 18vee!) extending from
150B from the active surface 129 of semlcondgctor device 130’

at 16&3&8%?5&?9”2" 3§ DAE MR A e Une iR AN Gl B Y3PIS9Rdnsyer
dewcedlsoretme@,nda@ta@cﬁhle[mabﬁwébm&eém m‘o&madaonﬁsiéﬂo& showes)129’ of
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semicag o 20 dEOee 1300 e P ATerEties o
passinpelikebsnapacarshdbaBeiniihe factivea 1sasface dﬂﬂ)lﬂf p&ﬁm l%ﬂdi@iﬁﬂ’snlon

e 130' to height "Z" of s acers 150B may be siz 12 configured
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herempads/ 13#e ieoad Posii emta)&eﬁdmthenpmbpiﬂﬂeytlﬁtﬂaalsemﬁdmdmﬁmed for

(?wce 130'". F e Sige re ion 138 between spacers 150B from the
electrica onnec}f % ﬁ

active su e(ﬁu& or device 130" to height "Z" of spacers
mszmavm S(Z@Iﬁbamduﬁ;emﬁl@uead/few paasingivandeosd: (et shawsty 90

extending from at leas one o r? ads 134'to a ition excee th
el QLA AVRE 150 150 SR Veglefe L8 |28 Whic are
conflgbﬁeﬂ!\mem spacarpdedBdjarnthacativacufaaéfik2d' tobmemmbadnc%m an MCM
evjce, 130' to height 2" ori{ acers 1508 ma nd configured, for
o S ST SHRY St WA T G F st S P RSAS e
spacerd 330 Bazepligitec exdaclink dlde p&si bésymﬁmmdmdmlobm

Spacers?igOﬁ\s Sy la n%d n mao gw%?g%” a@gd{agqeeml\{vél\llval‘;e bOlildS [M)r %fb%ﬁl agamst
commo S ra e IS S1ze conflgured or ele rlca connec

the actufdbﬂrfdl(él\lfﬁmrlﬁmﬂemmsnductor device 132A. Thus, spacers may be applied to or
formed on the active surface of the first semiconductor die, on the back side of the second
semiconductor die, or at least one spacer may be applied to or formed on both the active surface
of the first semiconductor die and on the back side of the second semiconductor die, without
limitation.

[0053] The present invention contemplates that there are many geometric
configurations for spacers 150. For instance, although spacers 150B are depicted in FIG. 2C and
in FIG. 2D(H) as having a substantially cylindrical shape, more generally, spacers 150 may
alternatively be configured as pillars having a rectangular 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
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[0052] 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 FIG. 2C,
substantially cylindrical spacers 150B are disposed on the back side
135B of second semiconductor device 132B. Spacers 150B may each

eylindjcah pyess t66han difftadl 481 A shiH R on AR Asi koAbt Apiagiude a

surfacén® ReESVR BIHERCEn k2 SAQTfiist seicarAaardaTices 1ddherTRHEc SRARESS device
may be applied to or formed on the active surface of the first
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of the first semiconductor_die and on the back side of the second )
égfﬂgh side 135

may be BASTESREH SR RS VB R iitatici 0B F e prise kit
thereof;arit@ oW lak@gathat there are many geometric configurations for spacers
_For instance, although spacers 150B are depicted in FIG. 2C and in
é[?@%b(ﬁ}‘%%eﬁ%‘?ﬁ‘?gt CAUBSAHEX Y SNiAGRES éf%%?%‘%&ﬁg?ﬁ?;%ond pad
and spapacersmidbidnay mitetyaiivalynigcaniiguted asiptharsbgyvTghe present invention,
I ngular cross-section FIG. 2D(A), pillars of triangular crgss-section
FIGS. e At PR T LS (oML PR RS st face 129
of a setfiicaatadGuiaactdaneatiodo(d prlongatad BIGPSH; @S .s@b(ftamg cylindrical
2 and 13 cylindrical cross-sectian FIG. 2D(H). As wn in FIG.
spacers DY AR BT TR oL S L R LGy e
corner@hacbivens wifpedto pbaglkesitledgt andibahseonicanducior digviee IHEG. 2F, a
wn). Spacers 150 alternatively ma formed by dis ing dots. The
spacer IR GT R SRR LB AT Sy LTSRS AAeThdy bebln it
cylindaecdhghackesal foajectiseg iaithSpabedsndd( ofifElyzb2(peatttospadenn Hnbattp/pgositioned
di surface.129 ofﬁe icond rpt%vice 132 qra badck.side 135 thtereof heral
a Jace{/l\}iﬂ?gﬁtsﬁ'iﬁﬁ%{?oﬁ.r%%%ﬁlliurtﬁerrrelgreéI}I PR HEIOE IE Vi hiGRPSLS periphera
edges tHhtenielatas dliokiiiedeod Dafiteb pa dadnB 4 p&@xferoarsade rhianiste Byt wey

cins GRS R R R 0P S eSS OUBD, 1SS v
adequactiwdsuyffaratitAgper semiconductor device. FIGS. 2I and 2] illustrate the use of
spacers 150 with generally triangular and generally square cross-sections, respectively,
positioned at corners 155 of active surface 129. In FIG. 2H, four elongated spacers 150 are
shown, two spacers 150 each being located adjacent to a portion of and parallel with one
peripheral edge 157 of the semiconductor device and the other two spacers 150 being similarly
located adjacent to the opposite peripheral edge 157 of the semiconductor device. FIGS. 2K
and 2L illustrate other orientations of elongated spacers 150. In FIG. 2K, the two elongated
spacers 150 are positioned adjacent and parallel to opposite peripheral edges 157 of the
semiconductor device. 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
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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 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{f)ositioned adjacent opposite peripheral
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spacers 150 shown in FIGS. 2E-2L are shown, as being 14 positioned o
and cop R, AR ARG £ o R) Beh RS RTERS, IR AT R af.
optionifijetotiba @lsoeconteadplatas thaispacers 150 may be positioned on the

b ide qf an er semic ctor devj own in FIG. 2C. [0055].
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y to those bond pads’ positioned centrally." Th"more

FIG. 8detalt sideasBo0enaf thefeide degionbeafiscroultiockdia tive didecass8BRifiglowing
electri(t:QFconnection. Spacers 850 may be positioned over bond pads 834 of first semiconductor
device 830A, and second semiconductor device 830B is positioned over the first semiconductor
device 830A in relation thereto by spacers 850. Alternatively, as shown in FIG. 8B, second
semiconductor device 830B’ may be positioned in relation to first semiconductor device 830A’ by
spacers 850". Spacers 850" may be formed over the discrete conductive elements 838" and
positioned adjacent bond pads 834’ of first semiconductor device 830A’.

[0057] As described hereinabove, the present invention may provide relatively great
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.
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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 least one common aperture along a peripheral
ae or side region may be sized and configured for accommodating
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thereb&lemants Sa& aﬂﬂdlspﬁ)ﬁﬁl(lﬂeEbafba(iafatlbﬁnlﬂppﬁdﬁe%&lﬁﬁfﬂ’fﬁtuconductor devices
d hsemlconduc or device 830A' 7] As escrl dhere| bove, Hﬂe h
and the, PRSBAPHER ?%e‘%ﬂé%epsﬂ'&% Felanbatlp ?Qa? &ﬂﬁﬁﬁ? {RepVides more than
adequacergngemeit ohthedaend padiofoa semictod uttde devipesedelisduiclt material
another semi onducl}(l)rglle is superimposed. Another aspect of a

while 15 GRS PhSRSIY S ANGSMt of the present invention may be

B larudesirable tasidiscasse, haleveniHigabahadmutitbhiadingdule
assemﬁcclo (?lto the Rresent invention may develop thermal stresses of lower

agnltu 49&82use direct affixation between stacked semiconductor dice
niegodie limithdia ih@meehaalaatstﬂwmag tluehioctize interpasedrspagersded. Of
ce conventignal mod les may be aff xed to one another. wit

course i UL AJAF &P LAHELIE WR e EH A B LS A5 PRl
and thofikéa siiaiyndoléffiailehiwéiltdymaltexpansiopo@tiny tieatidogs of the present
invention are also within the scope of the present invention. Accordingly, substrate 120 may be
formed from silicon, glass, ceramic, an organic material (e.g., FR-4 or FR-5 resin laminate),
metal (e.g., copper, aluminum, etc.), or any other suitable material. Contact areas 124, shown in
the form of bond pads, are arranged on surface 122 of substrate 120 adjacent to a semiconductor
device supporting region 123 of surface 122.

[0061] 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 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 bond wires in FIG. 3B, are formed
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not precisely correspond to the mechanical properties of the
semiconductor devices, stresses, such as thermal stresses, may develop
between the semiconductor devices. It should be noted that the present
invention does not preclude the use of additional structure to affix the
stacked semiconductor devices, such as, for example, introduction of a
dielectric underfill layer therebetween. In such an instance, the spaced
relationship of the stacked semiconductor devices and the gfgen spaces

or plaqgd e theOSPLEe RS AT HUTSHBINE ) O iR LS AR PR RABL B Ao 4R ATt

semic@dREtR @ $a08 (10 A6EARIN OGO RRIION Rt Al AT aftiifte 120.
intergosed dielectric material while it is curing or otherwise hardenin
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adhesiye miy e Aprlied A R LT B RO IBR UL RS, (R adlicyyg at least
partiallh@rdikestiagsemblies and pssenblydngtbpdsincaigacating tgapkingsiebnductor
prei)lent invention are also within the sco?t')fe f the present invention.
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HowevkzOtlagjacait tenaisainicanddeior 160Biceas bppodifiontagioer 1230f sigifacenductor
: .J0061] Next, as shown in.FIG. 3B, first semjconductor device 130A i
device TN 1S SLLL SO S e T 0% S UL migared sat
providesaydeffinstractivasivel e@mnhﬂ&@h&gmy@fx@«ﬁmadﬁésmdhﬁsﬁ&e may be
used e D SRRy oF S kA AR B L NG sl 1 30B
thenaldplastinie o apppaxitedia. juldibhy atth sovidmatiea Elem it tedabB Ahave

depicted.as bond. wires in FIG. 3B, are formed 16 or plaﬁed as Wﬁlcl)f&l%\lggtive
rs
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surfacsépioddeutitor devicadizdsn andctheddoridéspendingecaniadiyané asht &4 cofmaterial
may p%’lnall:%? %%u%%ﬁt?ptéﬁe%%ﬁgﬁéﬁrﬁgn oﬂl[ussc}{r%\?v atp \%L‘évr\ll?algéerggi’leag e glgrsfa]E:Se%% but
while remaining relatively thick. By way of example only, adhesive material may comprise an
epoxy, a silicone, a silicone-carbon resin, a polyimide, an acrylate or a polyurethane. Some
suitable dielectric adhesive materials are those available from Loctite/Henkel, formerly Dexter
Corporation of Industry, 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).

[0064] Alternatively, a so-called 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 tape may be placed upon the active surface 129 of first
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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 quantity of
adhesive material may cause a subsequently positioned second
semiconductor device 130B (FIG. 3D) to be spaced a distance

semicoihstantiary tHe KamEPadhchpatietériiba LURIRCIShERTBAY Rfsiclected so that

the bagefieddCios sRMEemit3uctblawener 0B senoidd GamieeRdustoEdRigRIctive
130B may. be positioned over the first semiconductor device 130A£rior to
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condudiateelpigvides sdeguatadnachiznicahanpe Haak didh ef eferecotidinghatdheuctor
dovi adhesive material may be used to affix the first semiconductor device
evicel39R to the second semiconductor device 130B. [0063] As may be

Jmoexgiatrdhausd tRblseagpesivecmaiariphtaayl soeierablyetaviacsuifigienttive

Viscosity or surface tension to resist excessiye spreading. or flowing off of
surfacgle ofi Sts“ﬁFPé%‘@"?L%C’éfiﬁYécﬁrgQér?ﬁ‘c?&‘i?ig%?&aﬁ%'%/f&fegﬁ&&? B 3,
clemeithel B0 QftRelkiesivadpateisal ompydee/ MDA aligidtyclbekecidtasspread
. out somewhat when placed on active surface 129, but .while remainin
e RS, GAFEH SRS IS Ry o
positicrnofepaxets d Filicane,ta sticase scarbemie sitcrdicpolyithig & @racdylapalaryas

I g%;(urethan%Some suitable djelectric adhesive materials are th%se . 1

emplogSsAlhb X Fom SRS kA O AP B SRR D IO XIBHS Dt yrine cyele
times Kyalifahig amudlae:knoiumasiQUANIEEM cieaatiiadieasttkéhecoraluctor devices (for

dhesives. Other suppliers of suitable dielectric adhesive materials
exampy ﬁcPJdSéeAet%l&%‘[‘ﬂ%f ﬁﬁgcﬁii{m%l&}%ﬁ%ﬁ? Yad"AdVancsd ijﬁlﬂ)‘fié AHHSSRACKT
devicesuitaki@ polyémiateidepelydmideitinialend PAIirandikdd Gnoler thainsidemaspacers

Torlon by Amoco q(or. or i?ln. Another suita Ietgoéyimidﬂa Bismaleimide
may b § S B\C?ac sidegy the seco ST ORAuCor deyice B. . .
{ ; 41 Alternatively, a so-called double-sided tape comiprising a
diedsofic Alnddpastiainaiil @okhe sieecagpheaddméaabrsidedh e OB mgybbaligned
with argén é%l)ci}/l%g gjd)f?err irsrt) %g e’igol gcpf%rF(?ervllr(l:St%zg ’ti.ndz{ss,% et[gn?’l %%Sa?g%lel planar
0] e-sided tape may be placed upon hé active surface of first
relatiosshificherdtctard gpéaded ddApaddees thiokneBer 7S taddtie gpotkidedspited tRpee may be
used torrll?i)érp,epgsgheo%eagds 191&@31 gecond 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 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 semiconductor device 130B being larger than the first
semiconductor device 130A.
[0067] Optionally, prior to assembly of second semiconductor device 130B with first
semiconductor device 130A, discrete conductive elements 138A may be at least partially

insulated with a dielectric coating. Such coating may be effected by dispensing a low viscosity
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the back side of the second semiconductor device 130B will not contact
the discrete conductive elements 138A. Such a configuration may reduce
or prevent electrical shorting of the discrete conductive elements 138A
with one another or with the back side of the second semiconductor
device 130B. [0065] 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 conductive elements 138A. Thus, the size

dielectG Al GF SIS S TR A RCRbid i £ EAB i SlEs e Rt

thereofefatignRtekoigatgiamsnduslivehelamenis &28Aiqrer instraaeqiialsize
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|mwmramidmmﬁmﬁiﬂu&ddﬂm&Iy3mﬁm&wmmt&dxdhabaﬂdmeﬂed8 are
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equal toribe tecdsseminkdafi secandgemioendueiovhderdcer 10 Bpuviths filA expand or

contragtemé)%ogu%J o gev Sh 1306\1’ dllslgsrett COI‘ld e?sta/ ¥ gLemen}r?a%eB%'loé %3 a?den upon
at 1Basf par aﬂfy msﬁ’llé’l%d with a dielectndcda ing. coa]flng aé;hbe P
coolingffebiled thy digpandindhasiowmisadditynay 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 curing an exposed, outer portion of adhesive material, then heat curing the interior
portions thereof) may be used to cure a spacer 150A comprising a curable adhesive material to at
least a semisolid state.

[0070] Next, as shown in FIG. 3E, discrete conductive elements 138B, again wire
bonds by way of example, may be positioned between bond pads 134 of second semiconductor
device 130B and corresponding contact areas 124 of substrate 120 to electrically connect bond

pads 134 and contact areas 124.
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18 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 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.
[0068] Mare generally, back side 135 of second semiconductor device

1998 Iha( B Resdthidin i obtecr RbMraierdtstebriceJd Wletitefts 138A

commnaa@sicReihRYE R dien Susiace 12950 first sersicendoiandavieh e
130A hy being %oaced apart therefromlg%t;g/ dielectric coating on at least
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noted prevEiasitialyisprecdrsetidisiarcrlapay b ahe @aiheikeigialcsluctor
. distance r may not ual to the predetermined distance,
devicey UM R B Do LR SR S A pateepsgises may
be use@ i ngharphekdenighcaysatinis). the traplaste madhes w mate(iptstendye
harden . upon cooling, while other types, of adhesive materials may be. .
encaps AR B P B R R T B e AANdfoe Slicon
particlenfitedaiperiplmied landviesilisarah dediat 3oocewbatvkisiti entystruishoy eserByset
. way of example oln% sna curin‘% rocesses, heat curin gr.ocesses,
resins O HcHmOD Bt B ARy SR BN b R RSB R g Sboxy
compaprecelsshs, sareslitisigitaiie eampieafioncthiercafc{gsgladt¥0autingoatprise a plurality
osed, outer portion of adhesive mater n hea the ipterior

ial. t curi
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portions ther y be used 10 Cure a spacer coOMprising a cura
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FIG. 3E, disciete ¢ ?uct've lements 138B, again wire bonds by way of .
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encapssémiciindacttab top, suitable glob top materials (e.g., epoxy, silicone, silicone-carbon
resin, polyimide, polyurethane, etc.) may be dispensed, as known in the art, to form protective
encapsulant 40.

[0072] Protective encapsulant 40 may flow between first semiconductor device 130A
and second semiconductor device 130B and around discrete conductive elements 138A. Such
encapsulant disposed about discrete conductive elements 138A may electrically isolate discrete
conductive elements 138A from back side 135 of second semiconductor device 130B.

[0073] An MCM assembly according to the present invention will next be described
with continued reference to FIGS. 3E and 3F. The depicted substrate 120 is an interposer with a
number of bond pads, which are referred to herein as contact areas 124, through which electrical

signals are input to or output from semiconductor devices 130 carried upon or adjacent to a
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device 130B and corresponding contact areas 124 of substrate 120 to
electrically connect bond pads 134 and contact areas 124. 19 [0071]
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 semiconductor device 130A, and/or second
semicaonductor device 130B. FIG. 3F shows a protective encapsulant 40
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136675 e gbensndf sarayeidaktphdiodredid (eag.bépodutmble)vagi@riatadsed” on,
, known in the stereolithography art. When.protective .encapsulant 40 j
st s AU GE AL ol o TR (g BB, ST RE CIIBURE et my be
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there G Y, Bt WeLR SIS U A el i e rve

elemege idandiacionydeice t130B st uhlletiindreds, dank uiid/E38lemenidude
8A. Such enca ?ulantdis oseg@bout iscrete condugtive elements
|

et R R SR SRS DA 1384
Secondhaakisitheldcdar df sreedB3OB emiconshtotod defiicest30&nductor device 130A by way
of spacers 150A interposed between and secured to active surface 129 of first semiconductor
device 130A and back side 135 of second semiconductor device 130B. By way of example only,
spacers 150A may comprise a thermoplastic resin, a thermoset resin, an epoxy, or any other
suitable material that, upon at least partial curing, will adhere to and substantially maintain the
desired relative positions of first and second semiconductor devices 130A, 130B.

[0076] Of course, optionally and as previously noted, the space between first
semiconductor device 130A and second semiconductor device 130B may be underfilled, as

known in the art. Known underfill materials (e.g., thermoset resins, two-stage epoxies, etc.) may

be used. For example, liquid encapsulant material sold as WE707 by Kulicke & Soffa Industries
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[0073] An MCM assembly according to the present invention will next be
described with continued reference to FIGS. 3E and 3F. The depicted
substrate 120 is an interposer with a number of bond pads, which are
referred to herein as contact areas 124, through which electrical signals
are input to or output from semiconductor devices 130 carried upon or
adjacent to a 20 surface 122 of substrate 120. Each contact area 124
corresponds to a bond pad 134 on an active_surface 129 of one of the

of Willosieoner etBh BEIBES S0P oL grierahion bsiaties Semomian As QM1 536

may b&aewin in FIG. 3E, a first semiconductor device 130A may be secured to
substrate 120 by waé of a first adhesive element 126, such as aaéjantit)ﬁ
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iroue AR TR SAFCP B3 b UG SR RS DA Ureraiork oy e solder
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secured to first semjconductor device 130HA by way %T pacers
T S e e st o o B &
assemiSignicomndydiotudievice BoAvans:hacksidend 36vajesaconE samiddiridugtor
. _device 130B. By way qf example only, ts 150A may comprise o
semo iR SRRt T TrcHRBAT RSB SR 1 ) DA Kl hesrioea
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more tﬁ%%l H}%Q stehrfeliconductor devices in a stacked arrangement.

[0080] 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 stacked
semiconductor devices may provide access to bond pads of one of the stacked semiconductor
devices.

[0081] For instance, FIG. 5 shows a perspective view of an assembly 210 according to
the present invention wherein a first semiconductor device 230A may be secured to substrate 220
by way of a first adhesive element 226, such as a quantity of an appropriate thermoset resin, a
quantity of pressure sensitive adhesive, an adhesive-coated film or tape, or the like. A second

semiconductor device 230B, which may be substantially identical to first semiconductor
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desired relative positions of first and second semiconductor devices 130A,
130B. [0076] Of course, optionally and as previously noted, the space
between first semiconductor device 130A and second semiconductor
device 130B may be underfilled, as known in the art. Known underfill
materials (e.g., thermoset resins, two-stage epoxies, etc.) may be used.
For example, liquid encapsulant material sold as WE707 by Kulicke &

. Soffa Industries 21 of Willow Grove, Pennsylvania, and similar materials
device it hymBe REPEBITEAASH £ Giaf'sss %eéf Pereanfye Py ReRu P ds
Discreie3balis@Rendesamicopgilciaideviad p3RB mayihe el chdcaldy apannes®aned

to correspanding contact areas 124 of substrate 120 by way of discrete
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and traces (nof. shown) of substrate 120, such as the depicted solder .
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should also be apprecjated that the nt invention contemplates mo
B SR e LA N SR BBy R Som mey
be eleduithBy aspectaf iheoprapentinyeoiian;, by 2PplayingtinatsRaods whihe discrete
resent inventiqn, two or more side apertures ed between the
condu%bvp?oesﬂerr]réerslbs&é%éﬁs Oﬁlg%_eé[& ecandsuctlve eFements Bgﬂ may comprise Qhe
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 234B and its corresponding contact area 224. The present
invention may accommodate various bond pad configurations. As shown in FIG. 5, bond
pads 234B comprise both centrally located bond pads 234B as well as peripherally located bond
pads 234A.

[0085] Generally, the present invention contemplates that at least two discrete
conductive elements may share a common aperture formed between two semiconductor devices.
Discrete conductive elements 238A of first semiconductor device 230A may extend from bond
pads 234 A and through a common side aperture formed between discrete spacers 250, the active

surface of the first semiconductor device 230A and the back side 235 of the second
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semiconductor devices may provide access to bond pads of one of the
stacked semiconductor devices. [0081] For instance, FIG. 5 shows a
perspective view of an assembly 210 according to the present invention
wherein a first semiconductor device 230A may be secured to substrate
220 by way of a first adhesive element 226, such as a quantity of an
appropriate thermoset resin, a quantity of pressure sensitive adhesive, an
adhesive-coated film or tape, or the like, A second_semiconductor device

semicopsyE O ARKITHriay) B S BB AR RIHH B AABHPSPSHIR IR QSR>+ of

substrdevme 230A, may be positioned over, or "stacked" on, first semiconductor
device 230A. Discrete conductive elements 238A access bond pads

OBRGh r oL tHE BTG BB M B S AR HHE B SRSy Striiae

elemef tgysameicORIHCIOhEAWGRSIZ30A BoHibpalRQF2] Spacsiguehf) deaydever which
positioned proximate each.comer of and between first semiconductor

anothel SRS PR UHF YR SHRP SRS TR HAREE DS GRTBRRTHEY phatg

betweGOPRIESE theQidaNE BuFha AR epfiRienthetorasebiesihiataaibidy Riniconductor

. pressure sensitive adhesive, an_adhesive-coated film or tape, or the like.
device A% RBSHIRGRY: g’ﬂ)%glﬁgafgélﬂ?aiyg%‘?t?frﬁﬁr@,{’o&%?SBH%&B?P%@?&%C%OA in
Alterntéladionitemsesendvaamieondichosdeyicpl 2B, Fythphegnacside2pRinay for the
agg)gf;irst s%g]ﬁconductor evice %FBOA to segond semiconductor device

IngresHPELLGHIS R BAGCAME LIS BFEEEEH ISR BRAES device 2308 may
b@@settricaliynisolaicei@ons AiscdeB gaidustitealemaniisea88Biaithetiyon,
€

. heing spaced apart therefrom or by way of dielectric coatings qn at least
-G ot S BB RES SRS SHSTRAL L5 IpbEr e o
device@3MacirosR @nathe codlierrativelyrrbqaok dittecadamay dn elide dieldstrite 220 by

atings on _ at Jeast portio ereof that may paqtentially contact discrete
way ol R B S4B iChoa) R LHotlh I HERA e oo o
betweeseqmelrseﬁgic@n@khmtﬁmd epmrzaﬁﬁmmm@ml@ammemﬁmmmce of the
first seqaican l%%?&'qgvﬁ%”ﬁﬁﬁ iy %Zb‘h(%f Shil) gt(?f Eezc%r?(Y sVeva%ggggg%re Gvice 230B.
conductive elements . Discrete conductive elements may
Centratigrijetice thedgiade 03diitioneddndnd mitres]ubAB dieirelisBatfeeriectrically

come SRS e A e SRR 01 95 e
conductive elements 238B. Contact areas 224A and 224B are arranged on the substrate 220
adjacent opposing sides of first semiconductor device 230A, allowing electrical isolation
between discrete conductive elements 238A and 238B.

[0088] FIG. 7 depicts an exploded perspective view of another embodiment of the
invention, multi-chip module 310. Multi-chip module 310 includes a first semiconductor
device 330A affixed to substrate 320, and a second semiconductor device 330B. The second
semiconductor device 330B is positioned over the first semiconductor device 330A and is
positioned in relation thereto by spacers 350, which extend from the back side of second
semiconductor device 330B to the active surface of the first semiconductor device 330A.

Additionally, each peripheral region of a multi-chip module 310, as shown in FIG. 7,

encompasses two or more discrete conductive elements 338 A, which pass through the aperture
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communication between a bond pad 234B and its corresponding contact
area 224. The present invention may accommodate various bond pad
configurations. As shown in FIG. 5, bond pads 234B comprise both
centrally located bond pads 234B as well as peripherally located bond
pads 234A. [0085] Generally, the present invention contemplates that at
least two discrete conductive elements may share a common aperture
formed between two semiconductor devices. Discrete conductive

formed, pemesiis SPREAS oP Hr RS ATHIOMIRTO P G BE DRl Rt o oAgd the

back sRRUAS dddAdarchitsaugiioa &8meS3DBId8BRRTEFaHeBYRd hatweedisgrete
spacers 250, the active surface aof the first semiconductor device 230A

Semlcoéﬁ‘ﬂ“t??é e de s BrtRaegdedninsesehiRb ReRictorddbrRes Bhp g gion of

the acto@REHICatioR b eaiiasRoding.caRtast Areasntid atasshstiateza(ed
[0086] Thus %he present invention prqyides conuguration wherein

ad]ace%?f’&ﬁéﬁ%o Eﬁ‘iéﬁ@‘fﬂ%‘}}‘%‘i&‘éﬁ%ﬁ%ﬁ?@ént RrBokitisicd BaHtPpghd s yand

perlphSﬁm}@ﬁﬂ@u@imdB\ﬂE@dDé(eﬁwhylborﬁfth@bﬁwmw@é clendaerise
ed thro t least one co rture formed between
cleme ] e A L LR O HE S G ey which another
SO NdACtOl] de\ameslaeslw nede @Iﬂdrﬁlﬁabﬁﬂ&ﬁldﬁlﬁdlﬁfaﬁﬁeqfrﬁﬁent invention
another semiconductor device. Altgr tlve it.ma advant S
conser S DBl TP S e e B Sr s g T
misma@@r pEsbinali seketeacanviibtive 1atemat5etmh s wireshangsl (RA8E} hoild
instance, FIGS. 6 show an ther %gilme ofthe invention,

a
compg t?%’ﬁﬁf?ﬁdﬂi?@%iﬁ“e@ ﬁ}%ﬁfg%% ted BRI dg well as
the nummlcﬁpdmt@rstMecﬁﬁlﬁh%amteIeretn@aﬂy ﬁbmestefﬂhw pri@apongingrs
conta: tar as 224A sub trate 22 Iy ofdlscret dbctv b
reqm&ﬁ’eﬂ?@ﬁf&“&%ﬁ a?ﬁg i5¢re ere& gl Pv%véqa AT 5 4, %%éé Bt yet robust
packa@pgmaﬁﬁhdﬁrmm“g)enawﬂu@ exists between spacers 250 the active
tﬂ@ﬁg e fllést se |condu§or device 23OA and the b

con semlco uc orré? SHBPUCRREAf y oca{lé’ds% Igesﬁéql%%dfmt be
constrsetaniinsenmiabe degion tlehd (pee’&’aﬂ Ehamteiedbncaﬂyek;mrlﬁotediﬁg illustrations of

some eége%'% f%ondlﬂgdc r%re]}%: t g{r%alar 2 o%élr: Ie?nb E&n%];ltssugfs t rg' tl?lvze%goqyn\{\@%e devised
that do not depart from the spirit or scope of the present invention. Features from different
embodiments may be employed in 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 within the meaning and scope of the claims are to be embraced thereby.
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conductive elements 238B. Contact areas 224A and 224B are arranged
on the substrate 220 adjacent opposing sides of first semiconductor
device 230A, allowing electrical isolation between discrete conductive
elements 238A and 238B. [0088] FIG. 7 depicts an exploded perspective
view of another embodiment of the invention, multi-chip module 310.
Multi-chip module 310 includes a first semiconductor device 330A affixed
to substrate 320, and a second semiconductor device 330B. The second
semiconductor device 330B is pogi}iér]ilgldS over the first semiconductor
device 330A and is positioned in relation thereto by spacers 350, which
extend from the back side of second semiconductor device 330B to the
What iy gumed i ce of the first semiconductor device 330A. Additionally, each
peripheral region of a multi-chip module 310, as shown in FIG. 7,
encompasses,. two or more discrete conductive elements 338A, which
phiss throTYHUFRRIBARIHS S8 RIS between spacers 350, the active
a subssud@cenpfithe; itsiisemieanshicinieyicerdd0A and the back side of
second semic nduct evice 330B. Moreover, the bond pads of the flrs
a first SR FOBH TR SSick ASS‘FBC&H%%S%%%%Srhafﬂ‘égcaém?&iv?e& AcaNY fuding a
tlpmpemp bebahtegion bérébe atctive gypdaicg bidk elﬂé&tfﬁeaﬂlc@ﬂchmmrate
vice 330QA. Copntact a as 3 are arrapged adjacent eac fflrst
wsecoR ISR GRS RS AR S B bR e
a plur@ﬁilpﬁﬁf@ddﬁ@ﬁdeﬁﬁﬁﬁ(ﬁ&‘tﬁeafalﬁéﬁm cathicondneotait hyaviayef digacetend the
conductive elements 38A orr spor&dlng contact areas 324 of
stiveha ergf&nﬂ% /&‘él?/w p’r%lclnated by those of ordinary skill in
a plurdlg aftdlﬂmeemesmudmvealhﬁrenmmselma&mﬂ:ﬁgrmlemmﬁmwmnotmuctor device

adheswe |II w" S acm& @) S aﬂ% av 'df TFB gtc .

probleL’ a%esoré‘u EGith theMiditaee betihedn tRehaREsRIE At TPRRSHSF

neotdactanepoum thalorgtihe wicitadettherebetvden; phduligsothgaeisme 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

atlhesivéhhendto cnmpl podvides elniextrenhetyiflekspersiinpdé ypetecbushprises a
dlelea?aCkag'nﬁ method and resulting end product. [0090] Although the

Crérglg%mg description contains many specifics, these should not be
3. The multi-chip module of claim 2, wherein the plurality of spacers comprises at
least one of a tape having an adhesive on each side thereof, a tape coated with thermoplastic

material, an adhesive paste, a flowable adhesive, a photocurable material, a thermoplastic

material and a thermocurable material.

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

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

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

is positioned proximate a corner of the first semiconductor device active surface.
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construed as limiting the scope of the present invention, but merely as
providing illustrations of some exemplary embodiments. Similarly, other
embodiments of the invention may be devised that do not depart from the
spirit or scope of the present invention. Features from different
embodiments may be employed in combination. 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, whichurilviphinodigcoeaning 1aRh&ears WatiedaimeeaiRitgiBeof spacers
embraced thereby. 25 CLAIMS What is claimed is: 1. A multi-chip
has a GhosYyERS! BthBIGIRG O B B AT IR CothAR drEg8 B a surface
thereof; a first semiconductor device, the first semiconductor device
having an active surface including a plurality of bond pads thereon and an
o%posin%é‘&%%i&%‘%fﬂ%@“t& ﬁ@%dsﬁ?féf’é?la 83 Bﬂa"‘é%ﬂ?' ERBpy of spacers
is elondgi¢iCen thrsegongasamicornigutitor devieadprRgradiack side; a plurality of
spacers interposed between the first semiconductor device active surface
and the second semiconductor device back side; and a plurality of
discreteToennuictive elactanisf et exienduig tvsuthedicTuatticongtotont least
fde\/ice. $ctiv surface from respective bon gads oé Llhe lurality of bond
one of 4 CHEYH POAIL A B BRI A BS BN VRIS Bt e between two of

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

plurality_of spacers.comprises.a, dielectric material. 3. The multi-chi .
odule I S PRI AL Ty P s Db el sreie sapdusgive
elemeaf adape deavirigasinoacd bésivel avireaahpsidetthenedfhentbglencaatedndith
therm ghgrmr%gsl?stigo IrITC]actﬁreiaé,s an adhesive paste, a _flowable adhesive, a

|§h8% curable materst, a thermoplastic material and a thermocurable

material. 4. The multi-chip module of claim 2, wherein at least one of the
plldrality"[%fesrgl?ﬁgcr:ﬁip module of claim 1, further comprising:

a third semiconductor device positioned over the second semiconductor device; and

an additional plurality of spacers interposed between an active surface of the second

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

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

of bond pads is located within a central region of the first semiconductor device active surface.

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

pads to corresponding contact areas of the substrate.
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comprises a plurality of superimposed, contiguous, mutually adhered
layers. 5. The multi-chip module of claim 1, wherein at least one of the
plurality of spacers is positioned proximate a comer of the first
semiconductor device active surface. 26 6. The multi-chip module of claim
1, wherein at least one of the plurality of spacers has a cross-sectional
plan of one of quadrilateral, round, oval, and triangular. 7. The multi-chip
madule of claim 1, wherein at least one of the plurality of spacers is .
eldngatdds ﬁ‘&larfé’éﬂéli‘f)ﬂ&#f‘aﬂgﬂﬁ%é firaergivibe sseane sipserdustafevice has
an activHtireloipineadHg alcelaim deowheirinibassubstpaieadustoebeampidses at
least one of a circuit board, an interposer, a semiconductor device, and
leads. 9. The multi-chip module of claim 1, wherein the plurality of discrete

conductive migmelistomp ised aila3shvopeaf thovenmiEeseas on the substrate
tape-autg{mﬁqate(?ﬂbond elements, and cihermoco npression bonded leads.

surfac o At RIS QLR BR AT 24 rﬂ&%ﬁ}ﬁ?ﬁﬂﬁ?%%ﬁﬁ’r device and a
secondgMPARAfciatt e vieaspeitonat o st fiersagaidGemtcopsuaionbdaWRrR; thereof
.anﬂﬁﬁgn additional bE)Iurali%of sf%ac(frs f'nterg sed between an 1ctive d
OPPOSilg, Hhe LU P QRS SEMIFEo MFRIBP et S e A BALR e PR fripeend o
the firsgmicoingottondeviceaslahd Eheuriliti-oh e soad dlecaficlainddsiwb eraie@t extend
least ope hond pad of the plurality of bond pads is lpcated within a ceptral .
betweg i R ARG QLD H OO SRTARS 5 97 s EARRL Ty
of contdidasof claim 1, further comprising: a second plurality of peripheral
bond pads; and a plurality of discrete conductive elements electrically
connecting the plurality of peripheral bond pads to corresponding contact

argéas offtleenaubisthien@dulke3of Tdiemutiuethigr noadhtieiat:claim 1, wherein

tt]e second ?emiconducltor device has. an active sulgrfﬁac includin )
encapsu aI{t ateria coverlni%at easta%orﬁlon P{ at %sto e o1 the HS Smic UCII]OI‘ dev1ce,
central region encompassing a plurality of bond pads. 14. The mult-chip

nioedidenod ctairic didluethedeiidh abiiastiateas. on the substrate

16. A semiconductor device assembly, comprising:

a first semiconductor device;

a plurality of discrete spacers secured to and protruding from an active surface of the first
semiconductor device, the plurality of discrete spacers defining a distance the active
surface of the first semiconductor device is to be spaced apart from a second
semiconductor device to be positioned thereabove in superimposed relation with the first
semiconductor device; and

a plurality of discrete conductive elements having intermediate portions passing transversely

between two of the plurality of discrete spacers.

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

dielectric material.
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surface include a first plurality of contact areas adjacent the first
semiconductor device and a second plurality of contact areas adjacent
the first plurality of contact areas and on a side thereof opposite the first
semiconductor device, the plurality of discrete conductive elements extend
to the first plurality of contact areas and a plurality of second discrete
conductive elements extend between the plurality of bond pads of the
second semiconductor device and the second@plurah% of contact areas.

15 The MAMCRIB Rl A1 iR R Pis it SR CRpRi G AmPrises at

least oR¥ASEH B ROVEINEG it dBR& v RArEMM efdatirasionepd Haatddstith thermoplastic
semiconductor device, the second semiconductor device, and the

materigl, gapdhesiyg PASEemilOtRIE AR RheigBRP! ‘E:(B‘?ﬁ??ﬁéinén a?ﬁ'?&’fmocurable
materisemiconductor device; a plurality of discrete spacers secured to and
protruding from an active surface of the first semiconductor device, the
plurality of discrete spacers defining a distance the active surface of the
first sermigondyaibrydg\ienisi i wacspacedeanaidisithe faeong of discrete spacers
semicqond ctor device to be positioned there ?}9\/ ins perlmposed
Comprf%‘i%ﬁé’i REHPST B b AR b TN AR NSTGERPEY discrete
conductive elements havmg intermediate portions passing transversely
between.two of th crete acers 17, The as emb
?e im 1 %ﬁ%%%ﬁ? QIIK% ¥ dfSerbt SB%@&PS E‘? I%Y %%ﬁ'i% Spacers
is pos1mﬁi@ir|pdo;a&1iﬁ.aTdmenassemb heof hairtadero fvinerfiein st&tﬁlp(bumidixbm@l&erete
spacers comprises at least one of a tape having an adhesive on each
side thereof, a tape coated with thermoplastic material, an adhesive
pakte, ariewabletdghesivien a4 MImUTablea@naterbaﬂﬂafmlaaﬂ‘n@rmmmtd 8pacers

materlal 19, The assemhly of c aim ere| at | ast onF of the
has a Cl‘ Ctlop%} glan Ol one o iuadrl atera roun trian ar
isCrete spacers ‘comprisésa p uralt y 0 sup |mposed

contlguous, mutually adhered layers.
22. The assembly of claim 16, wherein at least one of the plurality of discrete spacers

is elongated in a direction parallel to the active surface of the first semiconductor device.

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

and secured thereto.
24, The assembly of claim 23, further comprising:
a third semiconductor device positioned in superimposed relation with the second semiconductor

device.

25. The assembly of claim 23, wherein the second semiconductor device has an active

surface including a central region encompassing a plurality of second device bond pads.
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20. The assembly of claim 16, wherein at least one of the plurality of
discrete spacers is positioned proximate a comer of the active surface of
the first semiconductor device. 21. The assembly of claim 16, wherein at
least one of the plurality of discrete spacers has a cross-sectional plan of
one of quadrilateral, round, oval, and triangular. 22. The assembly of claim
16, wherein at least one of the plurality of discrete spacers is elongated in
a direction parallel to the active surface of the first semiconductor device.
2% The AN LM -fHHSF BsMPRSng the second

a subsGEINFAREYEIQN KiRKISRle SRR IMPOSes @vanuthe fitssigemiconductor device,
supported by the plurality of discrete spacers _and secured thereto. 24.

@ plurapfe ol JUshiBy 6t SiEieo3NtHREFEDIRBHEYI A tirthe st ERRgptor device,
dewigei pasitionad incsupaidrpaseildelatioehwiliy Biecsecanal IseidicQRAUCIRE active
device.H%f. Trl}e assembly of clajm 23, wherein the s%,ond semiconductor
dVleee AN B B SRR IRER TG L'EEHtFAHREGIdH L SeBRP ALY a

a plurfdityrafitg @fnsecond devicebord padsateld Ak dldigassanyuali tlasnfdt, contact
further including; a subsirate affixed to a back side of the first

d
sEic AN 8%?988\9?8&?0 RArSHe BF st SRtE a5 N thiedbstrate
a plurdigade deachdat nirthe doistRevi cdndeatondadag; bateraiththglyphlralisy @fcond
discrete conductive elements extend from hond pads on the activ
PO i St B TPl SIS C RIS BTG qnd contac
aieas, a plurality of second contact areas of the substrate located
adjacent the plurality of first contact areas and on a side thereof opposite

the first semiconductor device; and a plurality of second discrete
cohductite elemmeiisoéxisnding fedwe anlindng uraliynatsatord tdataek side of

. bond.gad(f of the second s%miconductor device and the Igrali&y of.second
the first semiconductor 1c|ehthe Substr Iie C(*I‘Il r1s1n§é)n]@ (E)-lf]a circuit doar an 1BtetrI%(%ser, a
contact areas. 27. The assembly of cfaim 16, further iIncluding a substrate

semicaffixadrtdeaibachdidedsf the first semiconductor device, the substrate
comprising one of a circuit board, an interposer, a
28. The assembly of claim 27, further comprising:
encapsulant material covering at least a portion of at least one of the first semiconductor device

and the substrate.

29. The assembly of claim 16, wherein the plurality of discrete conductive elements
comprises at least one of bond wires, tape-automated bond elements, and thermocompression

bonded leads.
30.  The assembly of claim 16, further comprising:

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

semiconductor device.
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semiconductor device, and leads. 28. The assembly of claim 27, further
comprising: encapsulant material covering at least a portion of at least one
of the first semiconductor device and the substrate. 29. The assembly of
claim 16, wherein the plurality of discrete conductive elements comprises
at least one of bond wires, tape-automated bond elements, and
thermocompression bonded leads. 30. The assembly of claim 16, further
comprising: a plurality of bond pads located within a central region on the

attive siPRRs ORI ik i dIRAERESPIEEICS: 30 31. The assembly of

a plur81Bi5F H6si Puehe beadmpidsiog i plurality@ieesmherakband Radsas theice.
active surface of the first semiconductor device. 32. The assembly of
claim 31, further comprising: a substrate affixed to a back side of the first

sgmiconuldciae AeWas, dhesabstiate ircgingn gontact areas; and a
sec%g% pl ralit)é of di,screée conductive elemergé respectively electrically
fifA

@ subs(rgfg & DR O e Rish &7 B PR th e EShREE L dduae

Acvaulticahipsmaadule comprising: a substrate; a first semiconductor device

having an actjve surface includipg a central region encompassing a,
o secop BT HAHE AR AR A8 AR e HHRALY S ne the
spilsirates fpsephndl demigaddustbe deviee atbassecond semiconductor
device having an active surface encompassing a plurality of bond pads
and a back side; at least two spacers interposed between the active
sssface aftbaifysipsenicenadueporiadgvice and the back side of the second
semiconductor device; a plurality of first discrete conductive elements
a SubSté?(tteeinding between the plurality of bond pads of
a first semiconductor device having an active surface including a central region encompassing a

plurality of bond pads and a back side, the back side affixed to the substrate;

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

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

a plurality of first discrete conductive elements extending between the plurality of bond pads of
the first semiconductor device and the substrate, at least two of the plurality of first
discrete conductive elements extending through a common aperture formed between the
active surface of the first semiconductor device, the back side of the second
semiconductor device, and two spacers of the at least two spacers positioned
therebetween; and

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

bond pads of the second semiconductor device and the substrate.
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the first semiconductor device and the substrate, at least two of the
plurality of first discrete conductive elements extending through a
common aperture formed between the active surface of the first
semiconductor device, the back side of the second semiconductor device,
and two spacers of the at least two spacers positioned therebetween; and
a plurality of second discrete conductive elements, extending to and
between the plurality of bond pads of the second semiconductor device
it the/S(HEHARPIROIRIACORRTIENS module, comprising: a substrate
a subsGRRPSIAINGERIaANLareRIBha SuTacaibeizof; a first semiconductor
_device, the first semiconductor device having an active surface includingl a.

a first sqHCRRABFBHAG [rSa L LML SHTERAP AR SEEIG Ba et d Ak st s eracluding a
splisiratesfeophdrplitly ofedisaraie aoophislive rlamensieachexieRangmyer
%?Fe first. semiconductor device active surface from respective bond pads, .

a plurafiy ol ity BT BSHI AR TB S8 V" UBRR APE AU S ATRE LB gdevice
sufiaeauarde radity refseace sopo piinsdrptha it SBonC pacLCi aEsgestice
active surface, each ggacer of . the plurality of spacers surrounding a

p%%%ﬁt&feﬁso‘?é’cﬁléetéu HAG B Sement of the plurality of discrete
a plurdtiondoispive8lpodiiviss Bt theSBeoRehternitensluiivic device sufekiaosephcer of

oyer the first semiconductor device, supported.by the plurality of spacers
3%6 ptluraflty 0% spacers surrounding a pOI‘tlglP of a ng rete coefﬂlctl\% eolen{%nt of the
plurality of discrete conductive elements; and
a second semiconductor device superimposed over the first semiconductor device, supported by

the plurality of spacers.
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