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PADS CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This is a
new application filed under Section 26(11) of the Singapore Patents
Act claimng the earlier filing date of Application No. 200404317-0

filed on 29 July 2004. BACKGROUND OF THE | NVENTI ON [0002] Field
of the Invention: The present invention relat es generally to
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sem conduct or devi ces are defdREBQNDERBSORDEADS, part, by a
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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 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 devices are determined, at least in part, by a
plurality of discrete spacers interposed therebetween, 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.

[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.



[ 0003] Background of Related Art: In order to conserve the anmount of
surface area, or "real estate,"” consuned on a carrier substrate, such
as a circuit board, by sem conductor devices connected thereto,
various types of increased density packages have been devel oped.
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[0008] A simlar but nore conpact nulti-chip nodule is disclosed in
U S. Patent Re. 36,613, issued to Ball on March 14, 2000 (hereinafter
"the '613 Patent"). The nulti-chip nodule of the '613 Patent i ncl udes
many of the sanme features as those disclosed in the '060 Patent,

i ncludi ng adhesive | ayers of carefully controlled thicknesses that
space vertically adjacent sem conductor devices apart a greater
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[ 0011] Anot her exanple of a conventional MCMis disclosed in U S.

Pat ent 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 discloses, as shown in
FIG 1 hereof, a conventional assenbly 10 including a substrate 20
Wi th two sem conduct or devices 30A, 30B (collectively referred to as
"sem conductor devices 30") positioned thereover in stacked
arrangenent . 0012] ..The depicted substrate .20 of .the.' 709
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sem conduct or device 30B. The adhesive elenment 36 may conprise a
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el ement pr?b(?rude 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



[0014] A further conventional MCM configuration is disclosed in U S
Patent No. 6,531,784 to Shimet al. Particularly, in the disclosed
"stacked-di e" enbodi nent, a second die has been nounted on top of the
first die with el ongated spacer strips. Conductive wi res are bonded
to corresponding term nal pads on the first die, channeled through a
correspondi ng groove in a correspondi ng spacer strip, then bonded to
a corresponding one of the termnal pads on the substrate. The spacer
strips serv aptiv n S and e rated
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well as a. sem conductor devices in a stacked

arrangerli’i%1 loncg%lereofﬁdiﬁﬁ%elfnﬁa% *R&Wect of the present invention, a

sem conduct o[oodegyi The @praizhystiaRODWERS P Patest is S8 MG PHPLWitOs nteer 68
with a plurality of spacers arranged over an active_surface thereof,

a secon®oREREOMERAS Fefﬂ{?\%t‘b Berpip & fqniseaieat2H Bepush which plapirigal sigasls ie

first semueRNAUGHEN frdlf VdnfiConddfte: diviRed B @nf@ngue] titicEbPimbsSrate 20. Bach
protrudi ng over at |least a portion of the active surface, and

ext endi sgntadiaragh ceresperdls to abrad padrioen ap@rltfmwdam?r?r@@nbeﬁthewwcméuctor
spacers, e&p%%ﬁj{e)m&eﬁ% LG 8sPe 4 ﬁe first sem conductor die, and the

back si secon sem conduct or device. The spacers are of a
hei ght that Hf§a8kesAtthe sémicetduateddsdedid isenred rdubitare Zﬂ)e\Pieﬁmradipart

from on nqt he stance substantially the.sane

or odet extreRaae o At Ale IRE PR T HEe By Pripic SR Wi BnBiponding
contact areas 24 of substrate 20 by way of discrete conductive elements 38A. A second
semiconductor device 30B is positioned over, or “stacked,” on first semiconductor device 30A.
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



i sol ati on between the discrete conductive el enments protrudi ng over
the active surface of the first sem conductor device and the back
side of the second sem conductor device while mnimzing the height
of the assenbly. [ 0018] The seni conductor devi ce assenbly may
al so include a substrate, such as a circuit board, an interposer,
anot her sem conduct or device, or |eads, that includes contact areas
to which bond pads of at least the first, |owernost, sem conductor

devi ce are el.ect ed. . 0019 he discrete .
Conduct ey B 1o SO ian sy somb et 8 SubhPSald Specificaty.
first sefidelantidagéilottate hrftybdieectlaeahifeiandiisd ¢hospiaiaited tHeQssembly and
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second sem cHWABt byvieke of the fassgemgt happeprs dhat & mefhjod éfrrrf@rmm@stgckect he
spacer s .0 oPa% PRV & deBinREs t[]é% %Qesq ﬁ(eﬂﬁl&!ﬁ i Rl dé?ﬁi ohd cggrddewces
sem conduc devi ce Betore placing e second semconduct or devi ce
over thend assematscémre borgls,cis melldepnoaﬂes flexibility QORI pednurobis abd/plesneht on
material s, inc n t at epoxi es, silicones,

si |i condi% SﬁP]bCSHg‘}Cé%%R‘éICES g%a?ﬁeﬁ'gb’ wgﬂg%lﬁe ret hanes, may be used to
formthe spacers. Spacers may conprise an adhesive tape that may be
cut to a desired segnent sha e and adhered to the sem conductor die.

In a further alternativeBREFREMMARY GeTHBIEENGKER t he
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as known in the art [0023] The hei ght of” the spacers is
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di st anc y the sane as a predeterm ned di stance apart
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sur f ace y@fedr P& ednd S¢mERTUENBVEd: QosiBeet GEleast 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



[0024] Prior to placenent of the second sem conductor devi ce,

di screte conductive el enents, for exanple, wire bonds, are placed or
formed between the bond pads of the first sem conductor device and
correspondi ng contact areas of the substrate. Internedi ate portions
of the discrete conductive el enents pass through an aperture forned
between the active surface of the first sem conductor chip, the back
side of the second sem conduct or chip and tmn of the spacers The

di screte n ctlve el.ene ctrlc nn cte
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spacers will cause the back side of the second sem conductor device

to rest cifpghbaird en Btepeseh arathar vemetpréin@m devise o laads, thpt Wklydes qoni@ctead (e
surface dai ﬁzﬁﬂggcrs%ff it | QR GLOL, GV mconaactargie%eg&g,@feaﬁcag%nﬁeﬂed.

back si secon sem conduct or " devi ce an I'scret
conductive eﬂnnﬁht§h©¢mﬁhecmMuaakkknwsmHMﬂemnﬁmnmbmnmcanmebmﬁmebbme
exanpl ef. X(@ a,di.el ec &1%€1 $ é mat er.i al o ¢

ni tri de PrECEIFORYSPT ﬂ“@{‘%ﬁ“% e|e SEEARGrSIT t%‘f"”’t‘*%’“ﬂ‘&%ﬁ ‘E?%lé“’%sr" t'he
second seFsnaRNAILE bOS cifteN b6fd tanafepodt, aabthel seilcefidic®P Belie! bveads.

el enents, a dielectric coating on at |east portions of the discrete
conduct iAlemstieshe thedisgee condhtiye elemeats By Khegiselees compdssiigads 6bithat i on

thereof Jeds- overlc%?(ﬁbc%ps%&emﬁ%ﬁﬁm fi8SsenORERRY: 8LViRg teachi ngs of
t he present invention rmay include nore than two sem conductor devices

in a stacked[®20hnBertiess; or all, of th¢ FORFINdWieedey ke assembly oray e eepapuidaidde es

of such I -

ol eotr 1 O R R N e PR BRI Betd b A8 a8 DO o1 Mbspe 16
assenbl wnymlyat be loqaed Iaajgedt tayhceﬁncaqasmdoaﬁuom dawscdmdmC]rere dohducard elersemy,
for exa ansfe ction

| di
St er ool (EFBUPB A R APHES:" = SIbsiate 00 58 g oo PELP kR gy dovies

advant a [@@mhmg”ﬁﬁgﬁeﬂhabmwanhha&qmmﬁnbecone apparent to those of
skill in the art through consideration of the enSU|ng descri ption,

t he acconmpan{fi0f} dP&W‘W@%‘Im% &t 4 Wethagh f5s frimen scan 455581 YBREQRIn DS hRPISTINON
OF THE BRAMNGRcIudes 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 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,



[0029] FIG 1 is a cross-sectional view of a schematic representation

of a conventional sem conductor die assenbly; [0030] FIG 2Ais
a perspective assenbly view of one enbodi nent of an assenbly of the
present invention; [0031] FIG 2B is a perspective assenbly

vi ew of anot her enbodi nent of an assenbly of the present invention;
[0032] FIG 2C is a perspective assenbly view of another enbodi nent
of an assenbly of the present invention; [0033] FIGS.

2D( A) - 2D.( H) iﬁ(ﬁ?f?&&%ﬁ%g@ﬁf% %](%:%ér\éles s\éfectV\@t rsg%feefﬁg t?rst anH?séc%nd fehmwond%]ctor

having differe acers sec to a ace ereo
[0034] Hetaes aldistaice auitRtaplialy thd Qe a0h pretbRiduiid e ﬁbaﬁ&'rdiiﬁﬁﬁieﬂ@other.
spacers secured to the surfaces thereof in different |aocations

[0035] FihespaceA Aol @ rekiRMRRCN Ahe BHTESERICAR|UG1E Iaraisipeth g theréon while
fabri Catrhé?ﬂaﬁfnctefé‘é‘trﬁﬁsiﬁﬂf@ﬂoﬂ b&%é&ﬁ)@gadkréld: loBthe 3&c0nd semlcothQ&Q]evFé Gna 3F

is a schematic representatlon of one enbodi nent of an assenbly
i ncor portha dipricte eenchetivg slearents that probuderves the aqitve erface of the first semiconductor

device.

[0024] Prior to placement of the second semiconductor device, discrete conductive
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. Intermediate portions of
the discrete conductive elements pass through an aperture formed between the active surface of
the first semiconductor chip, the back side of the second semiconductor chip, and two of the
spacers. The discrete conductive elements may be electrically connected to corresponding
contact areas of a substrate, such as a circuit board, an interposer, another semiconductor device,
or leads. Alternatively, the discrete conductive elements may themselves comprise leads e.g., in
a leads-over-chip (LOC) type arrangement with the first semiconductor device.

[0025] In the event that the height of the spacers will cause the back side of the second
semiconductor device to rest upon discrete conductive elements protruding above the active
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



[0037] FIG 4 is a cross-sectional representation of another

enbodi nent of an assenbly of the present invention; [0038] FIG
5 is a perspective view of another enbodi nent of an assenbly of the
present invention; [0039] FIG 6A is a perspective view of

anot her enbodi nent of an assenbly of the present invention; [0040]
FIG 6B is a cross-sectional representation of the assenbly depicted
in FIG 6A [0041] FIG 7 is a perspective assenbly view of yet
anot her nt of. an ass resen n: ...
[Ooan] " FREREg ol ARG il Surc ot P S ie ST, e
enbodi mendldiag, pat sENiRRSuebItho@steratiniqQts.t he present invention; and
[0043] FIG 8B.is a schematic representation of a portjon of yet

anot her enboliWEht Oder Eawissppbibaedss chds ey “’df’“ttoﬁé" ij} peroaigrapparent to

i nvent i Qkbse of skill in the art through consideration of the ensuing description, the accompanying

drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a cross-sectional view of a schematic representation of a conventional
semiconductor die assembly;

[0030] FIG. 2A is a perspective assembly view of one embodiment of an assembly of
the present invention;

[0031] FIG. 2B is a perspective assembly view of another embodiment of an assembly
of the present invention;

[0032] FIG. 2C is a perspective assembly view of another embodiment 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;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0044] GCenerally, the
present invention contenplates that spacers may be di sposed between
adj acent sem conduct or devices conprising an MCM Further, the active
surfaces of both of the adjacent sem conductor devices may be
oriented in substantially the sane direction. Al so, the sem conductor
devi ce having an active surface directly facing a back side of the
adj acent sem conduct or device may include centrally | ocated bond pads

an OV wi £ TP B AR BRI e P Py AL S g

term " sqdse@nskeation: device" includes, for exanple a sem conduct or
die of silicon, ﬂgalllunlarsenlde |nd|un1$hos phi de or ot her

semi conduct i 4Rkt BIG- 4B iz bapssggrtemalieprsseptatieneldhy assangy depiqiship FlC-GiA;
ot her functi n
active surf abmeStMEIET T ARGRRHA BTG Bl ol BB P

senm condsemdly < disgiresattgntehtien;i s | at er S|ngulated to forn1a

em condatoly o disst
excempl ary onbAF e bR B ¥ RERRR R e bliflotporiands “HiRY cilfpn o«

perspeckmethﬁmwakmmmgeﬂmepn&m@h@au@ewmﬁe 130 havi ng bond pads 134
and generallﬁﬁvectaggular spacers 150A di sposed, proxi mate the four
corners of sHbnBlELEs Yy F%ﬂcf%e%ﬂta?%o’fé‘d)ﬂ‘{f’é 0§ ¥fftfagther porgodiment of
thereofaSga@ggﬁém;QQénﬂ?xfﬁggnm&ﬁghgq%nan upper surface 151A, which
are configured for abutting agai nst the back side of another

sem conduct or devi ce superi nposed over senlconductor deV|ce 130.

[ 0046] Spacers 150A EATRDISS R bR Y gsi ve |ayer on
each side thereof, which nay be cut to a desire segnent shape and
adhered to t H®ddict Goeralyr ﬂhapesehﬂﬁlvclftloa eonteoplatacthairspatesi roay bE3ikposed

or  cur aBPEepLAIER SR s Rtest e mNGH Bpohr Bt FUBECRY °

sur f ace bbRdf Ui adficént CUnSpRIISHOGIcRREZh S RN ori2n®d @vblantially the baid digskction.
al ternative, spacers 158A na be fornquﬁ pon the active surface 129

of sem ¢YiRthesepicardpriordey vn%ﬂlbffwé%ﬁ BOEESHY faging g Ratatdeth 8 aphy

t echni qY@ficeadschiONBudidt Jeba@e Ab} inclbe @én%ﬁlﬁﬂbéétéﬂ%h@ﬁ&ﬂs%aft @1% nme%ﬁ@ed toa
sui tabl e for such an application, d& UV-wavel eng

sensi t i vebsafey fegh a canﬁglrﬁmmym@vad% Gang*@amr@'eﬁﬂf:@bﬂl&i an%@@llabﬁ@
active SUI{a0RD (RELACLNELYAEHE B0 (XRES Wrexhfold, SRR R or
appropri ate wave en esired spacer ocati ons, e process e| ng
r epeat ediliton, ghihgmarse&paomhlsn pbosphldwld:ehmd:mllcbraiyelvesnammi ccmégured' hﬁea
spacers 150A .thus be f d fron1 hot

A TR A S e S B e A S Tt

| ayers eirfd¥@bEthe die.whld@hrt aha @per @tloien bilk yerhieodasibr abluatasfiokwed at

t he wafer Ievelt%g)lor to_di e singulation, Photolithographic

t echni quBBEHIRAoI'Y EMAguTgs Apingivi ASEMICARSUST e | ayer of diel ectric
material sucfyoas) amRAk ¥idMfley Elﬁb&ﬂﬁerﬁﬁﬂh\{%rééiﬁ flﬁaﬁmgfm@ WREREw( DY,

for exanple, spraying or spin-coating), fo X masking with a
phot or e gprspectiveyie of yeenisgpdedioralenite 1?r€lehapméﬂ39ncta@adsﬂ 4 adpeeardbtreqtingular
di el ectr a%eﬂg%&;{h Joi?%a%%éﬁ}hré eg§ %ﬁ@mlﬁg&c&yﬁf\g&uﬁa%n a*aweg of
the diel ctrlc mat r|a at unprotect ocat1ons ternattvel

phot ol i sinfge apfhyenvafy SpecmﬁﬂAtmyfeawhmslprpéﬂsorfacphdﬂﬁr\elsclsare
material itself at desired |ocations_.by appli.cation of.the .

hot or eSPUENFg e R 0Tt e bRy SN E e FuRE rhF Sithor et berimposed over
[0047] Senk&RncbcdRicedsyi ce 130 may conprise any one of various known
types of sem conductor devices, including nmenories (such as DRAMs,
SRAMs, flash nmenories, EPROVs, EEPROVE, etc.), m croprocessors,
application specific integrated circuits (ASICs), digital signa
processors (DSPs) and the liKke. 1({0048] Si de region 140 of



may be arranged and oriented in a single, linear row along an axis

| ocat ed generally through the center of the sem conductor device 130.
However, it is understood that the present invention may be

i npl enent ed using a sem conductor chip having bond pads that are
configured in a variety of patterns and having any nunber of bond
pads 134, such as the bond pads 134" in FIG 2C, which are shown in a
parallel, centrally |ocated double-row formation or, alternatively

as shown in 2 i shows a.sem conduct or device

AR VLRI ot T T R,
Spacer s (A&ew, Wiyh hhayse éut fed @Rired segment \WhHps Bnd &dhe@Atd Qb k@ e f@facall 2w ng
W re bonds (not shown) to extend, for exanple, from bond pads 134

towar d ePRifErdustor devies ]r3Qgr”*Hﬁ"s"at1‘Eb’ Wrih@%ﬁﬁy\?ﬁﬁo%‘iﬁbyﬁewﬂﬁﬁg t he
hei Nt érdensBHEd clrabRIBLbOL & biallelie ﬁbtlaﬁavuw thPhAGE TERce P30 @RRLNer
sem conductor die (not showh), adjacent and superinposed above active
sur f ace dispensufg @ém congtensilofn afavhoaliasgive wheut 1 398nnadiei fonediupen thonds

gg%r Zhga%‘{%es‘rﬁ% ngse%éo%ﬁgctgrfggﬂcg %ﬁt{é bdedort h%%%%%g%%ﬁﬁﬁ%h&g ;i

exenpl art@chmqb@chs edwn matmrrdl Ingteteolithbgraginiesantiquen swinble dor sdc&ﬁncapp:lﬁ:aimm

MG 2B, duct or vice 130' ma 0 i se bo ads

Subst anta RIS LA HaTSct G SEatiar BT BYRAeH Bisnaan | gPani RET S RCr b g the
corners a@ﬂive%aﬁa&oméu&hwy £leyd expSire R msbleoeaﬁtdfy@r@irafeaﬁ@e&a@h at

t hereof . Spacers 150B may each include an up Eer surface 151B, which
are confdegis sprepigpcatipn temiecatdiemarencrad foa hiehgisareerstto arostdr apltilayer
sem condyglaks dpl sEé‘ce%LKBQA'rﬂBgQﬁFs@e ®orfrkd ﬁ@fﬁ' p@n@ﬂaﬁﬁ%"greﬁﬂe Qﬁt\éhﬁeanli%oay ‘be
[0051] As shown in FIG 2B, bond pads 134" may be arranged and

or i ent edoimedas afileagt tavo siiparieznosedoepnsibunve, rawiuallyiadhdredlayastiofgeaieriah| $uch an
through e v | as al ong
t he perl gtr@“g ﬁ;see&r%l{:atg!}}cepuﬁmm% g%g‘}ea? é‘%& g‘g&é‘%g%ﬂ Si de regi ons
138 and P]aatﬁhthbgmﬁlm eondgiet tvoldeMbceaxahpi, appl&camon df mlqur of slleléetrm agiicoinl

140" between cers 150B from.t he. ac urface

sont condti B PROTREE o sctivp Iz e Wt G B0Pe PyRempineouingl
and conftbigwedty hREkiRa®ih A ghélbiB ireleRcERHEPEuta/d R RGBSt lopréth tfeor m
of wire bonds (not shown) extending fromat |east_ one of bond pads

134" to d§1fi§8§|r{‘4t%ﬁ?1 WE%%F%QPCFW ﬁ@rﬁ“Bﬁé‘l‘%ﬂt grhiphal tE%ﬁ’F’@%‘ﬁﬂH@ECBPI at
devi ce %ﬁ&otecéﬂ Wchitnk YAlt§r'nﬂﬁrefy?ﬂlo%ﬂﬂﬂ%?aph?ﬁﬁa%@ﬁke& R?{%ﬁﬂ §% atctd ﬁoifnr om
the active surface 129' of sem conductor device 130 ght "ZzZ" of
spacer s PhgoBsigtayaterenl gieted destrdd loggivns byirppdicdtion ops @b@tgrewstrfell%mddbs’ ( not
shown) Iy t one of bond pads 134" to a position
exceedi E%S]Ecﬁﬁg F%‘%ﬂ{%@h Iﬁ%ﬁe sem conduct or device 130'. Further,

si de region [[[987]be$memndaq:1an®vsce 1350i3af cammprisé enyagik iof eardus koo thd'of of
sem conduct or, devi,ce 130 0 hei ht " z" C 1 may be sized
ond ConPrBTIC LIS Fas drigth Pangn el itk SRB v At B PR oFRom

| east OmWPROMS)EREROBMScHd. §HicioProBesRRS labplRBHEXPEEHE Mot cxGilitsRASTCE),0f

t he sem conduct or device 130'. Al so, side region 136 between spacers

150B fréfﬁltﬂ‘ﬁé‘o’"&bﬁfp?ﬁésoé%@%é)eﬂ“ﬂﬂ?hkﬁf seni conduct or device 130" to

hei ght " 2" OfooSPRCEis rcLRAGATBY schifconbicad 8Lk CRMINIER) LI RBRRLIG

w re bonds (hot “sh owng extending fromat |east orie of bond pads 134
to a posmtonmssemle@chl prgfenttioé tho @reia ph ehichdbnd prsls 4 dvire ppditmedr Pdevethe

to a conforoatBaErar BT Ra D FEE eouRRy RInR el koS Sulh; BpSRS
connect iobfentfontii@orMeMct 030 bhekh ARIph@BS1I50A. As shtﬁ@fﬂﬁﬂ:]IGF?;}G.boﬁd:pﬁlb 096 an
expl oded vi ew of a sem conduct or device assenbly 90 including a first
sem conduct or device 132A and a second sem conductor device 132B,

whi ch are configured to be superinposed adj acent one anot her and

affi xed to one another to forman I\/CNhaccordi ng to the present



Spacers 150B may each include a | ower surface 151C, which are
configured for abutting against the active surface 129A of first

sem conduct or device 132A. Thus, spacers nmay be applied to or forned
on the active surface of the first sem conductor die, on the back
side of the second sem conductor die, or at |east one spacer may be
applied to or fornmed on both the active surface of the first

sem conduct or die and on the back side of the second sem conduct or

di t hoyt |
Cont el IBAE TRR B PRissdn Ry BT FE BRI G AES B P
150. Fo rcehtﬂﬁcif&]iﬁ?s&mlc@hﬂmgbvﬁd)me II-I:bw]:Gé}Bt Bruﬁdﬁﬁﬁcbd?thﬁdhd prefehGnvea€iomnd

in FIG 2IX as having a substantially cyl | ndri cal shape

gener al 1§ b§ﬁ%&‘é%ﬂti%b“?milsea}“foéﬂ‘ﬁ%‘ir|C{}’Q Vig@ %‘B‘rﬂﬂflb@??@ﬂe g’é‘ﬁﬁ‘u‘fﬁl‘ LIRS
having a.fi&¢ bﬁ;?:@@}naﬁn&ﬁa%{% 2§ Ghhe of bdad pddX Y, suEh hsl B §oﬂafpahsr iangyl ar
Cross-section truncated pyramds FIG 2D(C), truncated
cones FIREG. 2Emjch arg %ﬁwatlleap@eﬂal/éant b dogateqd @ubiﬂomfonmt@ngatabﬁn@t\Wps

Chown 1 BT DERR AR sh@d AR oRAL RS BOTRRMRL byt o

mat i ngl yeepigad bogl rds 8240 ve surface or back side of another

Formoa by ci MARL Greto a0k TRE Mis TRREE 181 W dpeRpae4 S Yol Rea ey

di spensibagdsdabtSshomy) t@extémi,lft@leﬁhmple iffoe] Bele padsABok@eeid Eifhet 6 side r&HEBAHE
150 may be positioned on an actjve surface 129 of sem conductor

devi ce” £39 1% bus withew exseqeing 815 height 'dnt Sugh 1 gppfiguratianinayalley for placement of
[ 0054] EHBtBQ%EHRB&iucIoPQmSﬁ&%Wn)'d@lj/a‘é‘é}ﬁ lawsu@wapcgm;ﬁnph@a@&rﬁce 129 of
mul titude of bond pad and spacer arrangenments.” By way of exanple, and
not to Ispiicpnduper é@wé%mbhlé cpptaciiag tviiepordst(ng shovm) edichxmayxxiend from

illustr h$r 150 on the
active ;%Eﬁa‘{lgﬁdc%%b ¥ ia %ggrﬁ/tg‘g&guc%or Qg‘%/rleggmlsﬁ%fbgl 'g%l on to bond pads
134. In FlI G [@E)] t inensthbsixamplag] dmbodiydennarordiml tnsﬂxapms@nt ryentanelepicted in

bt aeon FIG A, SOh RGBS 13 s e e olpdif 120358 hupsRRidip gyt

sem condptRn solisfied pldximate the four &rﬁ@ﬁ@ﬁém%ﬂdﬂc&r He\ﬁa-l 18U’ dhaht agtiae h
of the four corners 155 of _active surface 129. Only two cylindrical

spacer s SUBwe 7% thrzead. Spacetsd SERBBY PR ARCIWE afppper @tl;fa%é%lﬁ hichgre 150

bei ng pQ§ﬁﬁgu%%6lr HYILAE 80HinsP PR B EicRE LA NS s@hicSHNES: dRike %pehﬁffoosed over
senmi conductor device on_ opp03| te peripheral edges 157 of th

cent r al Isgmicordactetidevisgd 30f bond pads 134. Of course, the di arret er of
the cylinder a e . : of
ot her arr ang@mgﬁ?sgg%l%&%rq%glf%gﬁagoe [Pg?ge%gt lzqa]gg( F%&E‘E?&*ﬂ' a%%ngﬁ%d;@%%%%le’
sem condinetr oow dlewg aeaxisHb&B:d g@ieralbycthRaigh the gatieralf életshmctImEcmf devxadéf’'sas
150 with generally triangul ar. ener a uare .Ccr.oss-sec

Fospect Medi oY protiEn s tiafe SRR 4o aliepL S G RER TS 120
FI G 215%f sdnfittndedi@tgaice d3(B pAERFdingl Qide i€ ichad et et sgqeas @568 Ab@ ugach
being | ocated adjacent to a g}ﬁrtlon of and parallel with one

per i phePgfveagice 157 olgemigeaduciaridederat At t@ﬁ@k&BRiiZc &f spsgert RPTompebe $458 and
spacers. u%'f&%aﬁlr@f dl&'i‘été/ e E dicAdhRGRRL £ of Wﬁ'c ‘BQIRth&t @hown)
peripheral "edge 157 of the sem conductor device.

i |1 ust r gktendimghizem oy leash orer df ard prds éiifbﬁgﬁem@ulogpa@ecﬁlsg tbswenplﬁrmf@e 2K,
the two /S S t to
oppos { SMEPRERErAERETEEC shabr fudlahbl 107 Ry N RS PR RERSASE
el ongat edfe&pmmseﬁﬁ@ndmmj‘eadeim' fol HeighP 17 auf epdoars il 50RO meyw bd dzeebanénd
froma | ocation adjacent corners 155 diagonally toward the center of
active surface 129 of the sem conductor device. Although the spacers
150 shown in FIGS. 2E-2L are shown as being

12



positioned on the active surface 129 of a | ower sem conductor device,
the present invention also contenplates that spacers 150 may be
positioned on the back side of an upper sem conductor device, as
shown in FIG 2C [ 0055] Thus, it may be appreciated that the
bond pads on the active surface of the sem conductor device nay be
configured in relationship to the size and position of the spacers,
as illustrated by FIGS. 2E—2L for providing sufficient accessibility

(0 n0oeReRd ARS5DePLi RO GTNLAA b RLE RS BTl B

of two q;@mlsloa&u&ﬁﬁgrthawipﬁa@ oﬁmﬂeémlﬁ@[ﬁﬁ&dr ddvich 18@S maﬁhert sad@ﬂagmﬁmsﬁ her
and separated by s?acers posi tioned therebetween si zed. f

provi di M§iEer sheRth | AjFelrem the actiwoyefags; 1\%8|cgfsemla?nd|ﬂﬁalf @gseéﬁ% t@&F’éE‘é‘de
di scret %f@;%@llslqﬁoslﬁaﬁ@ﬁfeataﬁd f QHrighle@ Brph&hils VARYORE (nOMhbOn Ak RRling from

el ectrical conponents, such as, for |nstance the connection pads of
an inte rdpbg% one @pt@ed padsd B4’ Vo a aesiticagxeceding tl@mﬁtﬂwrsa@éhq a@rrécoafimﬂg a
perlpher

accommo |ng a éﬁ?mgﬁgg§%&$§&%Qﬁd§ﬁé§§%%ﬁ9”ﬁg %gefﬁrough and,

opt i onalsbxylcbmilmmed@mriéﬁ'tto beiglnd @S obHdpacans liﬂBenEngeerzed and confif1GOGB}

Al though the s E-2L are.sh s bei.n
et o ot RERAS e PURo R PRty by 1 oo A BRR R 38 0 DR thy,
provi di Rgceafing fRIpetipiRnf 6ithd REi@RSuckitde @ty B9S. Ak exhlsifddah enogOdutiiict i ve
el enents, the present invention also contenplates, as shown in FI G

8A, t hathe’seb’QE]éWsWHSbOWé}“aﬁé’“F’éﬂf R FOBNROR Stltﬁgata ithat jsesized anghrgngyredior

el enent $1.838allBhdeRMbl & 15 IMEM loCiler @ORALCE I ON. Spacers 850 may be
posi ti oned over bond pads 834 of first sem conductor device 830A, and
second sem c¥8ct BIG. devhewes B30Boded Yiers pi 4 wmaepnduaier dewiee fsserahly 90

sem con

A ter natt e {1H BN AU B b 3R] RoliocBRAGRL Bl 20D, whigh g
may be pmsﬁguremlnede supemmpcabd amd]actem dnie thhcmnd gitinetlotoos ambeher mefoﬁﬁ@xAMOM
spacers 850, for ove scre tive
o enant dogiie B BLen UL o SEE e oG TLEi 5o SRS g pansT

sem congpt@I SO0 e @asp8:386n the back sidd BB T sddndl@atdnbasdordieries Meapove,

t he present invention may g%glVIde rel atively great erX|b|I|ty in the

ar r ange mBErsoPOB pray saidngudes Igrersugfass lobhdiiietbire genfisud frepuiiipg ggqinst

anot her g GORAHES @D AYF Eirde %n%b@ﬁﬁét%r%@ 1324001Hh8! spR&RaRdy &fapﬁhed to or
mul ti-chip nodul e arrangement of the present |nvenP|on may

part i culfermeg oddwiacttsl sarfacgof thiedirsisemigotsuriondie, on the back pige Q‘Bt]ﬂe ﬂccond

mul ti - CQ I‘HICS%H.JOFdI G Qf ﬂ!isrt"gnet aéepg't g B%ip?ﬂgd forl)\{?&[‘n'eﬁ) Bn ‘B@X tl%ea\éﬁézeoslarface

t her mal stresses of’ 1 ower nagni t ude ause direct arfi xat

bet ween of tha dke dersierndoanddic it ordthe backaige bBthk an@sbnnmnﬁmm Imathmual
coupllng due to the interposed spacers. Since conventional nulti-chip
modul es "MBY"Pe affixed to one another with a continuous I|ayer of
adhesi ve wi t [posEC ham Iﬁédcntﬂﬁﬁaﬂﬂbﬁ m&n(peat@ that FREHHreI Fradf geeh@ﬁfcl city,
coefficient of thernal §§n3|on etc.) that do not precise

cor r esp&ARfiEERtiepoRtRastan ] Wa Fopingigase; ‘il%@“%]f sPRgses RRiaEsatsiet b fé%@?@é%
stresses, pghep I@)sas%lé‘@ﬁé’@lsu@ttaﬁt%@% lindBBM sEIBY EhQR DRIMG EPadch€150 may

sem conduct or deV|ces It shoul d be noted that Fhe present |nvent|on
does notlgnaielyde cotfgurpdas Qﬂlaadlavmg o restangulargeassrsestipn FRT. 2DA Y, pidlars of

st acked X tion of
o O of ol USRS SRS, (DM B SR RRNE ' e
spaced Fal.aD(DN s:l‘mnqmtcmtfcut\hé c&ieaé‘l(e dmﬁmlomgmhdcstrms Filey.i2B¢E) aad dD{Geandpen
spaces between the spacers at the periphery of the assenbly provides
nore than adequate space to accommobdat e expansi on or contraction of
the interposed dielectric material while it is curing or otherw se
har deni ng. 13



[ 0059] Turning nowto FIGS. 3A-3E, an exenplary nethod for
fabricating assenbly 110 is illustrated. [0060] As shown in
FIG 3A, a substrate 120, in this case an interposer, is provided. O
course, the use of other types of substrates, such as circuit boards,
sem conduct or devices, |leads, and the like, in assenblies and
assenbly met hods incorporating teachings of the present invention are
also within the scope of the present invention. Accordingly,

bstrat be f f I i
Ot ST PRI S e oABS s SO G D8R ©

al um nu rmrf@‘eqs) for@datiagly eﬁxga@ﬂg afs bidtiva bhrEacBt Wik gitle oiGRABthatdemidoaastok ddvice
shown in the form of bond pads, are_arranged on surface 122 of

subst r at(@ot$heyig Pa%?éﬁtlii@ alteanaéléﬂvewaaéw Bredisressing s r thesyriresdrbaf
123 of spstaaso idfed by dispenbiR® 8t mhe¥d rouﬁ&-d%pﬁl\eﬁdb 8 pfo hegtmétlg’nl Spdcsls 150
sem conduct or device 0p i s positioned on and secured to supporting
regi on 1RY bgpogigredor all@@l\’bymﬁ@a? 1% offspmispndadion d¢was 182 eneback sig 13By
way of %ﬁ%@éﬁ?l\% OL{IErﬁﬁ fffhesive el ement 126 may conprise an

adhesi ve-coat cP FUCt ure, such as a polyimde film or a quantity of
adhesi ve nat gi054] Fathgrmorthix preset invesibmalsd m[amq:pﬂtasutmwtlmésoﬁbonépm(y,
etc.). Discrete conducti eelgtmants 138A, d ed as g

FI G 3BMAPRECH SFARgmeRf- %}’ yaxal grampls 1296 ?FFé’P%P ! %B‘ie?F&t Q"W“PB

bond caiGs E2IDELWRES VReRtxpRAGRrylahn @mchisios tpaS@mmdu@ h@ive EE € €29
130A and their correspondi n{% contact areas 124 of substrate 120,
[0062] Pf e;?enseoqdwta@%%ﬁ syrefation tofhppd pds e -endP@ - £vo sihansply eHEMrip
posi ti ongdeMASH At MG aRE hbN Gdjackhl @kferd 253, d 4 Bfd EﬂaEe“rtlséﬁ%&%%HﬁJe@ﬁ
devi ce 130A. For instance, "a volune of adhesive may be applied in a
pr edet ecainpsdSy of taeeppasité mﬂﬂl@ralsqﬂa% 77 afsisemideadustiidsvicee IaflG.aisa

C0r 1 ace sl PR one ok Bl 1S B SfnsTel, On VT v

pr edet ercytlnmledalqpmaﬂsilﬁ& afusadh d&lemolhateeﬂ’ofﬂGrﬂﬁ{ eachuparenl e guariodeyd

positioned second sem co ct device .13 FI G 3D) ta be.spaced a
ot anca g e TR e D S s S Sy e P A Er Bl
from fi kgiesSEMbOBOCHAGHIOS loctRad rﬁﬁ's B0 plBVIBY 0f cdui®, e aRMdter of the

sem conduct or device 130B ma ‘EmSI tioned over the first

seni condYEdETs MENPE gEAESHAD B"F ‘l"ra]t gFans §f BRces RECHEHESFMeRSL @ Proyfde; f
the adhggd Y&e @@slﬁwf@} th!eﬁ Iﬁpséxm@dﬁeeaoﬁeaic@ PIGRY b 0RE 22IRGHAL B use of
mechani caI uppo ]t) herefore, curing of the adhesive nmaterial
may be @Bﬁ@_@rs tl yfth gs@erawé tfdngwler and igerosAly5aase CreBveetiong, 3G RCAtivelyhe
Seco.”d ﬁﬁh&gﬁgéjc%h%h 1%%\6% &&i vg‘%gﬁce 129. In F%(? (&%ﬁl‘blﬁglo edl% ac%gplgﬁcé} at ed,
a suitable adhesive materi al may preéefera ave s iC ent Vi scosity
or sur f alevit, ensspacerd Blreadh singdrctsisidiacers p:r:elammgaf(and pdralel withofid of
the active.s of the fi r sem ctor devi 30A. .
Hovever PoEyFBE ST Fmbtenithialist eyt B S iy Babis T2 Bistmispy
t her eof lchte& pdjece 10 e @p@t\ﬂl@aﬁpmﬁeéug@haw Sﬁhé)ﬁbnﬁ@dnﬁt{(&or&léﬁifcaCEIGSZQK but
while remaining relatively_ thick. ?éfi exanple only, adhesive

[

mat er | aFndraly IREHFAY 910w oggnines g1 lgpss S%ﬁ@w% &iHIG n dhsctrisimestess n,

a pol yi @M 1@%@9@1&&&@&95&% R UAN8tDBRRsiteIRRBrSMihakl 87 di gl ectri c
adhesive materials are those available from Loctite/ Henkel, fornerly

Dext er WIQ@rdactpmlﬁV@ﬁ Theiigst glgngaed Ispacens A PG depigicd 1a FEG. l&ﬁmmpcesglowle(NTUM
die att r el i

i ol oct PrEndtiihn s PERTH A RRIERUNER 15 kg L BBl ler BB 129 o
and AdvdrcedicApdicioe devidth @dihuwegh the gratdrabileshpen in HGAe2H-8L pelsi@an athehemgde
(PAD, marked under the trademark Torlon by Anoco Corporation. Another
suitable polyimde is Bismaleimde (BM). [0064] Alternatively,
a so-call ed doubl e-sided tape conprising a dielectric film having an
adhesi ve applied to each side thereof ey be enpl oyed to form spacers



sem conduct or device 130A. The thickness "Z" of the doubl e-sided tape
may be selected so that the back side of the second sem conduct or
device 130B will not contact the discrete conductive el enents 138A
Such a configuration may reduce or prevent electrical shorting of the
di screte conductive el enents 138A with one another or with the back
side of the second sem conductor device 130B. [0065] It should
al so be appreciated that spacers 150A may be formed on the active
surface 12 nat i.on of
i scr et PRt pbeteuFEMAROIAIDE Rlo iR it BUeS nf Beterl TRl g a8)
spacer s cbhi@hphry tHaespaedretitatayte pasitibeddathd natlesibesfan\wppdt sémicomiuton of
di screte conductive elenents 138A. For instance, the size and

p05|t|oﬁm6¥e§b§E@W§“fgbﬁchay be selected so as to not interfere with
a wire bond ¢g@k] | ®his, A$naQBP Q¥ EGhddthA (N BRd Eﬁm%"ﬂ% REPCHIBee oY @
process sequence may reduce manuf acturing cycle times by enabling

si mul t aﬁe@mnducionﬂwwmbe@p@t@reﬁ ip rplﬁlonﬂnmcrth%slzese@ﬂnp@mmmftthﬂSPacers as
devi ces V.

st enci 11 g Ruisf EFRIRLE oY B R ARE WA GE AR ey ROl B AR beritoned
waf er | e:eﬂtallyl i)} moid idetiaibrat lead ond biitbe sidd eedionnoffal midlti 2Qp naddnker anammmg Ithe
spacer5é§a% osed ttﬁf back side of the seqcnd sem conduct or
devi ce ition of S"[”E)‘ﬁ CUNSICHICRT TPEYTRRCEV L Cp5CH I QR pther an

sem conasiedd lﬂ'ﬁs‘ph&ﬁ; pbSiaBnoiBYerktR tvideh OB he\Wizk i fo PEbvRINSY 4 doRiiRsh Peiire,
first sem conductor device 130A in a substantially parallel, planar
rel ati oﬁ%ﬁ?%‘VFlﬁefPéngeésrﬂTdﬁgf&&Séﬁ disprsts copiredysselarnais foF‘EJ?“‘i“i‘i‘é?"é‘ﬁE“élO“ P

pi ck andul ac&ride Vb hFnERY, shéh 4Seink@ndl 1hg BonnP@h hh@bran thdhsee second
sem conduct or device 130B upon spacers 150A. The second sem conduct or

devi ce Fpedicatly. 4hteas 9he capmpinesiure along a perigierabedes of fide fepiog may be sized

sem con - / i,e;stack
e tept oot BEN ki Sak AR by of e RO Rl Pl Bhf el

devi ce 1BOBualnie thecsmedtios padstofian tnbegpdser st semi conduct or device 130A,
resulting in i.e stac ddi t.i

oreci aved IRERY LA Thgh iR Rt g R i Bl 2ty Hoiin g Bripe it
sem congy @Edﬂcndﬁs\ﬂﬁﬁ@ 1323 Q;Ba BehidghdbabigRyict haprdvitnd dof trose For Giepetsl 6T
devi ce 130A. Optionally, prior to assenbly of second
seni cond&etso d&é&%ﬂ&@ﬂf&l@b@ PO fegresi eBhmAoGP gBgRs ag Shpayn in

di scr et g6 ad ek iphSerBRTREY 1 FARRA VBN hOBs@bre E@r@%&tw@%[e’&ﬂeﬁ!s I3y oWt ed

with a dielectric coating.” Such coating may ef fected by di spensing
a |l ow vﬁk@é@@@ltcyﬂﬂeéﬁl@ SppgerscS amayioe apsidened om@eﬁfbma@s gohefustisgwiconductor
el ement g Xndf s%&mg@ r?'du‘é‘ O?Eévﬁdb%éﬁ?s Cdr?%oﬁJA%Rr%Qc}{@fusP&H‘&nductor
stereollt ogra Rer suitable te ues

parti al Idyvmm&ﬂ@ﬁsu Ireaatlomghemto b}nsmbeas Bfrﬁg ﬁdtemanectlg ag etrakuncih IFi@ SQI smem S
138A, t t mate to t ,of
sacond” SEHENEL Sl dad o o (g N AR o TBr e BoRRE B Rk PO

shor t i ngpers 85¢1e5patBd B8S'maRIbe f@inee bidr ¢ial digesiironl Gt elBBents 838" and 0068]
Mor e gener.al | back side 135 of second sem conductor device 130B may

be el ecﬁ’P?lﬁ%ﬂe%?dJ?%"'BT band pads St A fisy pnisondyeiaiderice 83 ement s 138A t hat
extend abovergohg agt Héé@n&%l%ﬁﬁﬁbo]vggth%reﬁénf ﬁbeﬁ%ﬁhﬁ?ﬁ%ﬁfe%lat%w g;@dt
130A by bei ng spaced apart therefrom by dielectric coating on at

| east cdlaxibdity indghepsrangesrest @ffthqabr@dmﬂdsmﬂahemcomust@r dqvice ouerdvioeh anether

el ement i n nd
di el ect Scx%‘%cgr@g Blddl% ﬁ)sﬁp% nga%s%dg ?tnrolghc C By a %Bﬁbé étgﬂe? ran%%?ecil't gthg‘

t he backpresém évd@mnusdyrtg paftiotladxdsiphide, asdnscmsmda;ta]bwg of a poI yim de
oxidation or nitridation of the sem conductor material of the back
side 135, application of an adhesive-coated dielectric film or other
known t echni que.
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[ 0069] First sem conductor device 130A and second sem conduct or
device 130B are substantially spaced a set distance apart from one
anot her, which set distance nay or may not be equal to the

predet er mi ned di stance, dependi ng upon whet her or not spacers 150A
expand or contract upon curing or hardening. O course, thernoplastic
adhesive materials may harden upon cooling, while other types of
adhesive materials may be cured in a manner that depends upon the

type of cura dhesi,ve, mat er d_and res i n.at. | east
Sohevhat r eoRteehr ATty pliPibledoofahe BYRCHRRS GREHPY meLadhiop iy
pr ocess efessthad lovidd iriaBPindE OISR A8 Sircct R Albefwedn Sikdkdd semmitdndgetoldice may
curi Ng Processes m Crowave curi ng pl’ ocesses or an sui tabl e

conbi natqeé‘ﬁll?ﬁé)r%ﬁf“e%l@“’gal copRling dpg ?d f‘aﬁ’?teéBPﬁ‘?fgsé’ace“o ‘EPCB‘E)"FPW% of
adhesi venTRLED nddulel RHaPbOSBLeOH Bh@a]otﬂaﬁwhﬂh%&tﬁﬁom&gef SnAndsheraa )

may be used to cure a spacer 150A conprising a curable adhesive

mat er i almechanigal prepastiesde.gemioddi of chasiagitey, coefficienf giolr@MmalNerensicaseis hbadd n

of examPHrSHES) BredRlY F b BeSu R AReRr e nafR bR ARRER R

sem condudtasthetieyiscessds30By devellop betwespthn demgorrductbaalﬂvwas dasholiiddbe abted

substrate 120 to el ectrl al | ect bond 34 an act ~areas
Toa e R s e Rt RS e o BB SRR AT DS FoaBh Ce
130B ar gerhidokddbiotfivicat,isadh a8 fohextatiplel inGoducEisPoNcdiflgetGOMdell lajegas 124
of substrate 120, a protective encapsul ant. 40 may be placed over all

or part tRFebsiiser- rlétSéChl@G“StﬁniC? dhe spagerl eptngeltip pL ‘H%W@@d jespjgondysiey dgyvices
second SRMMHEQPIUPHAE bElG¥LLEe IA0Rs at'ﬁke@em%fer? BONE aReBI0 RN IdeY Bore than
encapsul ant 40 over part of substrate 1 first sem conductor device
130A, andequaie gprge Heasr QMO Gpanionior eomigBn dighevipprogted dickapricenaierial
protecti I rise a pot or transfer nol ded
package, V}ﬁglgﬁg %%E OP&E?%QSE: EHﬁ{?gper eol i thographically fabricated
package, or 50059]0 bTuromgmy‘peo Em BASBE, anfscemplaedmerthed/footabligating
dielectric gﬁé g rr%?eri al may be introduced between sem conduct or
devi ces isﬁ’@ Yadnd ®136E*5ft er assenbly thereof. O course, known

mat eri al s anfopEloCAS SRS NIMPFICRBAUS atbstrRe {2, A RIsQLRGH iM@p&RE aRSLVidRT Of
40. In the nol dedﬁpacka ge exanple, protective encapsul ant 40 nay be

forned FPYH Bemsapirher Hivst ‘Eﬁsﬁbﬁré@?rﬁ%‘r?d cirgnighoards, SFWEFOB%‘}CEW §F‘I1‘Feédﬁad5
particl @ad {hk 'hi%éj n?&@éﬁﬂ)hek‘%mSéﬁW\ﬁlethéﬁﬂﬁéo%orm%%a@ﬂnﬁ&%%ﬁc%émt whi ch
may enploy t hernoset resins or t’her nopl ast’ic pol yners, or pot-nol ded
usi ng ainveetmesellsd wighin &ispopgof Hia pEpeY jnvewindo dvegordinglyt gybstrate 120 may be
st ereol | apt e a
ol ural i ;férnl%g %r%{?ﬂ?ﬁlecghéfgﬁ'&% d‘r%ﬁaa Br?&ghn‘{@mﬁ{éﬁgggg Cg #to‘%‘%ll}g!jésémﬁ %BBA@ ty
adher ed nrmﬂ 6r4. édopbaycéllrsmulﬁoﬂc g)oamyl ogher eatahlelnw]&ml r@gntetnear{aaxrlm,dhbwn in

Fs)ﬁlote gf; L:{@{{g f;boag pgc%v% & El?' EESH SIIFEL%%*T ﬁ of %l&’étraﬁ g&iadl)aﬁeqt III%Q ¥cm1con]::1uctor

st er eol Ué\hg@hgpmyn@eglonvmdfsﬁffwqugl ve encapsul ant 40 is a glob top,
sui tabl e glob top mat eri al s poxy,. silicone, silicone-carbon

resin, polyiB08H, N&ityas ﬁ%ﬂ"ﬁ‘dﬁ@lg e ﬁyst pRaicdugipidsaise A HPORHARA oPn
the art ond Qcd0d {5‘ SH I%trﬁﬁ‘gtﬂeyl@n NCARSM2ND2 6pway of first aRR#L k1REAL BBt Bye

encapsul ant 40 may Tl ow between first sem conductor device 130A and
second sepptonnplst fmrst wvﬁeelmBl Zorrdaysgoopnise @i sibeséteecogion slaisturg guch as a

el ement oligtgg\e ﬁl%l%r r | Cogia&egwg rgﬁt%ﬁaetgigaglgg{losgt 280 et%:n V@Qs%?%sl Ve

el enent may ef yis screte. condu
138A f r epoxyaak). smld@etéaﬁndnétn&emdtssem,a:‘t&pdmdtamboxﬂeme@el HIBOBB, are formed
[0073] An MCM assenbly according to the present invention w I | next

be described with continued reference to FIGS. 3E and 3F. The
depicted substrate 120 is an interposer with a nunber of bond pads,
which are referred to herein as cont apl areas 124, through which



surface 122 of substrate 120. Each contact area 124 corresponds to a
bond pad 134 on an active surface 129 of one of the sem conductor
devi ces 130 positioned upon substrate 120. [ 0074] As shown in
FIG 3E, a first sem conductor device 130A may be secured to
substrate 120 by way of a first adhesive el enent 126, such as a
quantity of an appropriate thernoset resin, a quantity of pressure
sensitive adhesive, an adhesive-coated filmor tape, or the like.

Bond pads 134, of first sem ¢ evi ce 13 co i cate W.t.h
cor r espataig Bontdesva e SR OE Vi SR SPUATIR GO 5 Gty
conduct i s¢mich@rRntisvide3BOA aatl aRirasrrésbending dofitat e 1 DDOCbubtaR s 20.

t ape- aut omat ed bondéTéﬁi el enents conprising traces carried on a
flexible di el®6g}i Ll lugheies phat W BoshprEEs ] 94 BHHhebe Resigenedpan
ot her knguily Qﬁﬁc:@ffzmmgt'sgﬁlcgﬁcﬁl%gﬁémceﬂgmﬁvgﬁpmﬁﬁnclseﬁw%iun% of
the bond pads 134 of the first sem conductor device 130A ma%e

| ocat ed adegsiveandyype applied in aPI@dJeI@“]mrSédghdleé@fnr@@mmt bY0Ad éheiadlesivg@Herphy
be posit] . ‘s d: ]

A back. ARy GfgRka (S IRREpectlec o Hln O GORRHEDRE pEPUMARnARS:
el ectri clavicy 13050l Ia;bcmcbuﬁngg mecﬁre:tareehmectqmdmlgtof wdhegvementid nd384Auseiat her

by bein ace art heref rom or by wa £ di ri.c coatings on
o Pene BBy B8Rt BEMEL LSRR Abae ondhEl SPh e sRERS hffRac
cont act shpsdatigilfiBe datfe asAlpr@eRahinyBdivtandd apdt $ord Eirsl dmibEdudBicdenide 130A.
dielectric coatings on at |east portions thereof that contact

di scr et d1WNef e srane pesnesrductarsignice S0B Ry keapsitigpiiuenie et seucopdunter

my be spelk esha 1%16} hd &leing %Fﬂh@ QnLet RhicHAvE &€ adm3 e J?Mtei/i@iﬁn af u&ﬁé@%{aﬁe
150A i nterposed between and secured to active surface 129 of first
senm conduetidss agrapite megiBOKakgrapdbank. therdiore] ggingfof ﬂ@@émwgenﬁe@@hmncbmr
devi ce %%9& aftk ﬂﬂ‘@ﬁrsP!e %%HP&& LRLY1303P3GRS s%co’nﬁ%nﬁ%u&8f‘@e!v;]c%@l3§s.
therm)pl astic resin, ernoset resin, an epoxy, of an er

sui tabl e nat amsa] Matay bumqmecmredl, eastablpadltaslah rrrata:rmhgay pmﬂeﬂabladhheere to
and subst%ntla C;é i nt? n the desi.red rel atlvg g tlonsfo%jhfirtst
and sec Ol ERNY GBI CHTac SRPPRR L iy Axcetsiyfgpreading or Tlowyae gif opghe agyes o
opt i onalshifacendo asthPFiRY teptisdndudigi®ice 110 SRAERe) Bl Waeskidy lof Sdhesive material
sem conduct or device 130A and second sem conductor device 130B may be

under f i IMPemaiEa RHETR hereal fesparad culeraiAbefmder Plared arercers S&ngce(légd’“t
t her nos ev&hﬂ%?éhd?ﬁn% fevall, A8k . SRO¥ET exhifle dnBARRER e WeRGial 159} co?ﬁiﬁ@@!xr?

| i qui d encapsul ant material sold as WE 07 by Kulicke & Soff
| ndust r icgexy, ailiggne] oili@ngeaborpgsinayolanidg, anamﬂflaéﬁ P14 mﬂyumaef:u 2ame sol d

by Dext %[“ta%?{fﬁtgé%ﬁ% %ﬂ?}aﬁq\zt i Ti ga@e %{%%/%Iﬁ)%eeig% tlte/He].[lkgp (FI‘]'ﬂeEgﬁgxthads

134 of secon evi ce ectrlcél nnect ed
t o corr éxpmndion @f bdndteye Califpmies arkRde bfowgiLds QUA&N "EUMZcEe h;achvay:i thérmal

may. comFOBeT RAPEBPRRET T BB O A PEL e MR R ARt

t her noc Gupyitems] md Avended Apsiadsadhediveany stable holyisivdistppRemiiktingis grag), e
conductive el enent for extendi ng between and establishing the desired

Communi CHkGATEENENCTATs ToHOR A TR0 GoroRian. capalics HRTBIC RELERAS ot

area 124;smaleimide (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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[0078] Assenbly 110 may also include a plurality of discrete external
connective elenents 114 carried by substrate 120 and in electrical
communi cation with contact areas 124 through vias (not shown) and
traces (not shown) of substrate 120, such as the depicted sol der
bal I s, conductive pins, conductive |ands or any other conductive
structures that are suitable for interconnecting assenbly 110 with

ot her, external electronic conponents Finally, assenbly 110 nay be
encapsulated |ct i G. 3F. S i.tabl e pr tiv
encapoul aconftor aBiés 50 Tur biskndth oz 8l et B T Pa Sged o B

i nvent i QRs badR sidé bkt geabﬁdsehm:oﬁhﬁtor@ewamlmsaﬁnmbycoﬁihet th@Wisdréte botdiactiir e
than two sem conduct or devi ces 130. Each additi onal sem conduct or

devi ce FhneH3BA. SUISFORBEHSIRAAYCIIsnOr HiCntRIFRHTiS] SOFNE 9F e Jisegist

descri bednd Rt EIEhERCE s QuitH (ﬁgangtg%r%ﬁwuh Ehe%QEWélEE @tl%@se%d%@xﬁfc@&du@{oﬁd
t hat the pr esent 1 nvention cont errp ates nore than hree sem conduct or

devi ces devical ¥¥Backed arrangenent . [ 0080] In a further aspect

of the pr ese%ﬁ%ﬁvﬁ@ﬁéu%]algp% ag)g}%{ug%hﬂ% st.‘ Qger§ F%?\telgﬁ l?e {]nt;'e% d" ﬁc a%mre
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device 230A in relation to second sem conductor ‘device 230B. Furth
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 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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spacers 250 may affix first sem conductor device 230A to second

sem conduct or devi ce 230B. [ 0083] A back side 235 of second

sem conduct or device 230B may be electrically isolated fromdiscrete
conductive el enents 238B either by being spaced apart therefromor by
way of dielectric coatings on at |east portions of discrete
conductive el enents 238B that may potentially contact one another.

Al ternatively, back side 235 nay include dielectric coatings on at
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di scr et éypeohouaile sdhesivemantia cmplpypd ansl roguitan fderdissomewhat 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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[ 0087] For instance, FIGS. 6A and 6B show anot her enbodi ment of the
invention, multi-chip nodule 211. Centrally | ocated bond pads (not
shown) on first sem conductor device 230A are electrically connected
to correspondi ng contact areas 224A of substrate 220 by way of

di screte conductive el ements 238A. The di screte conductive el enents
238A pass between spacers 250. A commpbn aperture exists between
spacers 250, the active surface of the first sem conductor device
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CLAI M5 What is clainmed is: 1. Anulti-chip nodule, conprising:
a substrate conprising contact areas on a surface thereof; a first
sem conduct or device, the first sem conductor device having an active
surface including a plurality of bond pads thereon and an opposing
back side affixed to the substrate; a second sem conductor device,

t he second sem conductor device having a back side; a plurality of

di screte spacers interposed between the first sem conductor device

ol ur a1 (9 a7 SErer et HEE B SRR A 1A DR e NEe 8 oy e

first senifgendoct ele ol @éiseichRiudion gevades OPEFIsNBnéd updn SitdLatt @gi.on
bet ween two Eg*acent spacers of the plurality of discrete spacers
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subst r atfRxBW dide@ridBINBSRr thitehoebmpBRidal vehdddiléas, ahd sma;q@lbam types of
conductive elements. However, at least one of the bond pads 134 of the first semiconductor
device 130A may be located centrally.

[0075] 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 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 semiconductor device 130A by way
of spacers 150A interposed between and secured to active surface 129 of first semiconductor
device 130A and back side 135 of second 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

21



2. The nmulti-chip nodule of claim1l, wherein the plurality of spacers
conprises a plurality of spacers each forned of at |east one of
dielectric material, or a plurality of spacers, each spacer forned
froma tape having an adhesive on each side thereof; or a plurality
of spacers, each spacer forned of a tape coated with a thernoplastic
material, or a plurality of spacers, each spacer formed of an
adhesi ve paste, or a plurality of spacers each spacer fornmed of a

phot ocurcin ometare: i gfenit. B iy GRRSh TR Lo EBReElan 81 O o™

of a thenrsplwesatic material, or a plurallty of spacers each spacer
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claim2, whefl74l aBopdpass 1%@ ngwaé éﬁ"mIS?“dPﬁéf ‘iﬂ"l?? éﬁ@l?z paybe elpripeatly

CoNpri sggnfciA @&&ﬁregﬁhﬁﬁg ccgi(tac?-argésul@@ ok bstfte $IAKT \JJW ﬁﬁ&ete%@ﬁﬁu’cg\'&o us,
nmut ual |y adhered | ayers, a spacer having a quadril ateral

cr 0ss- setmienisdB3Pl Biscrete copdusBye Hemintyl IBBumey compss-thedpiconationpd bend a
spacer Rgying, g 1&!&% o‘El{eP@% CSPnb%E' n Al Iezﬁist(ﬁ%iif{)t]slpee}ﬁ L0g [_ﬁe $ina

tri angul ar Ccross-sec a spacer
directi Qlilscmw @nthetive deinbtre fdrlek&hd;dgh&tweenamﬂ kstgblishing the eesired commumcaﬂhon

The rmul Chl nodul f claiml1, erein at ast one of the
plurali t EB q?%”ﬁ‘d?ﬁf’?ﬁ% g SR IaREAE llgﬁcor ner of the first

sen conduct 0[00ds1v| Aesedbly MO nflyhafsd&RIude a pluraly of iR el Kidrn A BbinetmAul €
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t ape- autbelm termlugiprdins] comdurtise landsbriaheethercongicassitaptuies tdbae sitabls. for

7. The q;!ijt!:rtcé)ﬁn%ain% a%gllﬂlyel lafwit%l o?ﬂewe;(terrIaPélE&r%rnic%ggBHeﬁés.n gfnally, assembly 110

may be encapsulated as depicted in FIG. 3F, using any suitable protective encapsulant 40.

[0079] In another aspect of the present invention, as illustrated in FIG. 4, an
assembly 110 may include more than two semiconductor devices 130. Each additional
semiconductor device 130 may be added to assembly 110 in a manner similar to that described in
reference to FIGS. 3D-3E. It should also be appreciated that the present invention conternplates
more than three semiconductor 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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a third sem conductor device positioned over the second sem conduct or
device; and an additional plurality of spacers interposed between an
active surface of the second sem conductor device and a back side of
the third sem conductor device. 8. The multi-chip nodul e of
claim1l1l, wherein at | east one bond pad of the plurality of bond pads
Is located within a central region of the first sem conductor device
active surface and the second sem conduct or device has an active

pads. - doEe Al B R G B Arh e it iR o ng:

a secondipdrete adridutiveleleprhis RBEX adceBmoAd paaid 2344 thilowkh helbic! apryir&f formed
di screte conductive, elenents_electrically connecting the plurality of
per i pherP&iwesd HG OpRRFIesyriess PBnIFHTmgucdfescss Z2Paas % the substrate.

[0082] 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 position first
semiconductor device 230A in relation to second semiconductor device 230B. Furiher,
spacers 250 may affix first semiconductor device 230A to second semiconductor device 230B.

[0083] A back side 235 of second semiconductor device 230B may be electrically
isolated from discrete conductive elements 238B either by being spaced apart therefrom or by
way of dielectric coatings on at least portions of discrete conductive elements 238B that may
potentially contact one another. Alternatively, back side 235 may include dielectric coatings on
at least portions thereof that may potentially contact discrete conductive elements 238A.

[0084] As shown in FIG. 5, bond pads 234B of second semiconductor device 230B may
be electrically connected to corresponding contact areas 224 of substrate 220 by way of discrete
conductive elements 238B. Discrete conductive elements 238B may 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 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 234A 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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10. The multi-chip nodule of claim9, wherein the contact areas on
the substrate surface include a first plurality of contact areas

adj acent the first sem conductor device and a second plurality of
contact areas adjacent the first plurality of contact areas and on a
side thereof opposite the first sem conductor device, the plurality
of discrete conductive elenents extend to the first plurality of
contact areas and a plurality of second discrete conductive el enents

ext end betme of bond pads of th sec opduct or
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first semiconductor device 230A, and the back side 235 of second semiconductor device 230B.
Centrally located bond pads 234B of second semiconductor device 230B are electrically
connected to corresponding contact areas 224B (FIG. 6B) of substrate 220 by way of discrete
conductive elements 238B. Contact areas 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 338A, which pass through the aperture
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13. The sem conductor device assenbly for nulti-chip nodule of claim
12, further conprising: a third sem conductor device positioned in
superinposed relation with the second sem conduct or devi ce. 14.
The sem conduct or device assenbly for multi-chip nodule of claim 11,
further conprising: a substrate affixed to a back side of the first
sem conductor device; a plurality of first contact areas on the
substrate | ocated adjacent the first sem conductor device, wherein

éﬂet ﬁ'e”rfar'n'aetd%etween LRELES5, BRMANE e B BT et SR of QM0 H90K RAHS

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 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.

{0089] As will be appreciated by those of ordinary skill in the art, the present invention
conserves material in comparison to adhesive “pillow” spacing techniques and avoids CTE
mismatch problems associated with the interface between the adhesive and transfer mold
compound along the interface therebetween, reduces the volume of material required as well as
the number of process steps in comparison to the use of silicon or other preformed spacers
requiring application of an adhesive thereto and provides an extremely flexible, simple yet robust
packaging method and resulting end product.

[0090] Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing illustrations of
some exemplary embodiments. Similarly, other embodiments of the invention may be devised
that do not depart from the spirit or scope of the present invention. Features from different
embodiments may be employed in combination. 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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active surface of the first sem conductor device to the plurality of
first contact areas; a plurality of second contact areas of the
substrate | ocated adjacent the plurality of first contact areas and

on a side thereof opposite the first @gg@ﬁgnductor device; and a
plurality of second discrete conducti nments extendi ng between
the plurality of second bond pads of the second sem conductor device
and the plurality of second contact areas. 15.A multi-chip nodule
conpri si ngWhat & di%: a first sem conductor devi ce having an
active surface including a central region enconpassing a plurality of
bond pads and a back side, the back side affixed to the substrate; a
second sem conduct op i#aMicER médiE, SGEHMSem conduct or device
including a central region having an active surface enconpassing a

plurality,efibReRoRBHSindBohiaRAGK o h Y8 face thereof:

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

a second semiconductor device, the second semiconductor device having a back side;

a plurality of discrete spacers interposed between the first semiconductor device active surface
and the second semiconductor device back side, the plurality of discrete spacers secured
to the active surface of the first semiconductor device forming an opening at a side region
between two adjacent spacers of the plurality of discrete spacers thereon and defining a
vertical distance from the active surface of the first semiconductor device to the back side
of the second semiconductor device; and

a plurality of discrete conductive elements each having intermediate portions passing
transversely through the opening formed between the two spacers of the plurality of
discrete spacers at the side region between two adjacent spacers, each discrete
conductive element extending over the first semiconductor device active surface from
respective bond pads of the plurality of bond pads to respective contact areas on a first
side of the substrate surface between two of the plurality of spacers.

2. The multi-chip module of claim 1, wherein the plurality of spacers
comprises a plurality of spacers each formed of at least one of dielectric material, or a
plurality of spacers, each spacer formed from a tape having an adhesive on each side
thereof, or a plurality of spacers, each spacer formed of a tape coated with a
thermoplastic material, or a plurality of spacers, each spacer formed of an adhesive
paste, or a plurality of spacers, each spacer formed of a flowable adhesive, or a plurality
of spacers, each spacer formed of a photocurable material, or a plurality of spacers, each
spacer formed of a thermoplastic material, or a plurality of spacers, each spacer formed
of a thermocurable material.

3. The multi-chip module of claim 2, wherein at least one spacer of the
plurality of spacers comprises a spacer formed of a plurality of superimposed,
contiguous, mutually adhered layers, a spacer having a quadrilateral cross-sectional plan,
a spacer having round cross-sectional plan, a spacer having an oval cross-sectional plan,
a spacer having a triangular cross-sectional plan, and a spacer that is elongated in a
direction parallel to the first device active surface.
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at |east two discrete spacers interposed between the active surface
of the first sem conductor device and the back side of the second
sem conduct or device, the at |east two discrete spacers secured to
the active surface of the first sem conductor die form ng a side
regi on between the at | east two discrete spacers thereon and defi ning

a vertical distance t 3 i r.f f the firs .
seni conduct or égvi ceﬁl%n ? hncg& glgaﬁltgioggla?) b ﬁlggléeg %A%ﬁsg%?ﬁ%%th?jﬁ%‘f%w of
devi ce; a sphatesisipbyitiofied prosimalé 8 66RECOTAO Gk kéMR oI RIB HeSice QG

ext endi ng between a bond pad of the plurality of bond pads of the
first semSEga%fuct or devi ce and the substrate, each conductive el ement
of the plurality of first discrete conductive elenents extending in
the side region between the at |east two discrete spacers through a

common apert ur &, f or Mm@ rhgiivedeNmbielcdE tiak 15 WhERGEhe kulshatel fuftBdr
sem conduct or device, the back side of the second sem conductor

devi ce, afeMPHBesdt destans of gaireris bedrd: reingrpossy stsernwondiser davicespater s
posi ti one(featdFuerebet ween; and a plurality of second discrete
conductive el'ements, each extending to and between the plurality of
bond pads of the second sem conductor device and the substrate. 16.A
mul ti-chip nodule, conprising: a substrate conprising contact areas
on a surface t§er eoflhe multi-chip module of claim 1, wherein the plurality of discrete

conductive elements comprises at least one of bond wires, tape-automated bond

elements, and thermocompression bonded leads.

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

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

8. 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 and the second semiconductor device has an active surface

including a central region encompassing a plurality of bond pads.

9. 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.

10. The multi-chip module of claim 9, wherein the contact areas on the
substrate 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
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a first sem conductor device, the first sem conductor device having
an active surface including a plurality of bond pads thereon and an
opposi ng back side affixed to the substrate; a plurality of discrete

conductiv C ' V. t-he first .sem conduct or

devi ce ac ‘l’:pl Iglleaﬁ ?li?# %ggg%r%%&gtﬁgg%ecp %v%rteﬁlgﬁa ﬂbeaﬁf S{ﬁ'lmif ! %qnu%&tfgﬂf&ﬁs
bond pads a9k 4 pleraityisPddcbyd &%oﬁ@rﬁnwﬁe%&ﬂ@ﬁ;&%ﬁ\&t&&ﬁ&&&gﬁﬁﬂ&
on the substrate surface; a plurality of discrete spacers poSitioned
on the fi respdgads ebiseeand sqmidanduciot davecesmdftareecorbpllratity 6f edreact areas.
spacer. of the plurality of discrete spacers configured for passing at
| east one conductive el enent of the plurality of discrete conductive
el enents extending fromone bond pad of the plurality of bond pads to
a position exceeding the periphery of the first sem conductor device
and fornmed overja pQardti i { [ SR epent . of the
plurality of d:fl 1s'cr etg‘esyélggr%ag%ttc?@gwg% %gréen%%lg f &%ﬂgff%bfgr a?aﬂeilg%?ﬁ %Q‘l?n&r ete
spacers sedustecniconduseraevicge surface of the first sen conductor

device form ng.a si.de regi on between twa adj acent . spacers. t hereon and
defi mi g APUERES eEFEGe et PO e NG SePoROLF PR SerBiPoR e A e (e
sem conduct or giRiligeorditréth SpdRas deShifle a bRl SRk AT R0 GRRAUEE BE first
device to be |located thereon;: and a second sem conductor device

super i nposed o%BHCIHECHT faticeds i sowatrdront fiom wlackgdpplor eeendypmi¢naductor
plurality of djRgleah8e pPAGEIR thereabove in superimposed relation with the first semiconductor

device, at least two discrete spacers of the plurality of discrete spacers being positioned
at peripheral comers of the active surface of the first semiconductor device and forming
an opening at a side region of the semiconductor device assembly; and

a plurality of discrete conductive elements extending to the side region of the semiconductor
device assembly, each discrete conductive element having intermediate portions passing
transversely between two of the plurality of discrete spacers and through the opening

formed at the side region of semiconductor device assembly.

12, The semiconductor device assembly for multi-chip module of claim 11, further
comprising the second semiconductor device superimposed over the first semiconductor device,

supported by the plurality of discrete spacers and secured thereto.

13.  The semiconductor device assembly for multi-chip module of claim 12, further
comprising:
a third semiconductor device positioned in superimposed relation with the second

semiconductor device.

14.  The semiconductor device assembly for muliti-chip module of claim 11, further
comprising:
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a substrate affixed to a back side of the first semiconductor device;

a plurality of first contact areas on the substrate located adjacent the first semiconductor device,
wherein the plurality of discrete conductive elements extend from bond pads on the
active surface of the first semiconductor device to the plurality of first contact areas;

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 conductive elements extending between the plurality of second

bond pads of the second semiconductor device and the plurality of second contact areas.

15. A multi-chip module comprising:

a substrate;

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 including a central region
having an active surface encompassing a plurality of bond pads and a back side;

at least two discrete spacers interposed between the active surface of the first semiconductor
device and the back side of the second semiconductor device, the at least two discrete
spacers secured to the active surface of the first semiconductor die forming a side region
between the at least two discrete spacers thereon and defining a vertical distance 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, each extending between a bond pad of the
plurality of bond pads of the first semiconductor device and the substrate, each
conductive element of the plurality of first discrete conductive elements extending in the
side region between the at least two discrete spacers through a common aperture formed
between the active surface of the first semiconductor device, the back side of the second
semiconductor device, and two discrete spacers of the at least two discrete spacers
positioned therebetween; and

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

bond pads of the second semiconductor device and the substrate.
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16. A multi-chip module, comprising:

a substrate comprising contact areas on a surface thereof;

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

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

a plurality of discrete spacers positioned on the first semiconductor device active surface, each
discrete spacer of the plurality of discrete spacers configured for passing at least one
conductive element of the plurality of discrete conductive elements extending from one
bond pad of the plurality of bond pads to a position exceeding the periphery of the first
semiconductor device and formed over a portion of one discrete conductive element of
the plurality of discrete conductive elements, the plurality of discrete spacers secured to
the active surface of the first semiconductor device forming a side region between two
adjacent spacers thereon and defining a vertical distance between the active surface of
the first semiconductor device and the back side of the second semiconductor device to
be located thereon; and

a second semiconductor device superimposed over the first semiconductor device, supported by

the plurality of discrete spacers.
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