06/ 09/ 2004 -1- METHOD TO PREVENT DI E ATTACH ADHESI VE CONTAM NATION I N
STACKED CHI PS 5 TECHNI CAL FI ELD This invention relates generally to
integrated circuit sem conductor device assenblies. Mre particularly, the
present invention relates to stacked arrangenents for sem conductor dice
in sem conductor device assenblies. 10 BACKGROUND Sem conductor devices
are increasingly used in portable electronic applications, neces8pi02(2084

t he devel opment of smaller, higher perforrbnce conponents. In conventional

sem conduct or manuf act UVIETHODOTOSEREVENTDIEI ATTACH ADHESIVEed circuit

(1C dice or sem conductor dosea AvENAIONIN STACKEDRCEQP8t one tinme onto a
waf er 15 conprising a sem conducting substrate (e.g., silicon or gallium

arseni de) through nethods well known in the art. These sem conductor dice

are then incorporated, in turn, 'n&ﬁ@ﬁﬁ@fﬂﬁ% nounting themon a

carrier substrate, for exanple a pri board, to interconnect

with the rest of timgsalRABS Rldés ddnSrally3d AR griRA Yirblit Wiliedhdudiop devis® ot her
sem conductor dice. 20 In recent years, sem conductor manufacturing

t echnol ogy haassenbliasi IMore padigubslyethe pressutl invengionmelatge to $tacked avrngementsior s
of circuit elenents gtllogaed.on a Si sem congﬂct or die. Sem conductor

wafers are notued 166 41 BRGAR lOEFSE‘&%%%*&‘P fesulting in the renpval

of nearly all excess silicon fromindividual sem conductor die. To further
decrease the size of the overall packaged system printed circuit boards
and 25 otHer conponent supporting sulBACKGROEND nade as small as

practicable. For s{ill urther. increases.in el ectroni d I t t
i nnovati ons have t "r‘ﬂ‘éﬂn‘i‘{?t(ﬁ V\Rﬁsy%ret“bcreaﬁﬁkgﬁya% dRP ﬁ%ﬁﬁ%ﬂ%‘%?@g{cgﬁﬁg’

such innovat i gneidtu@hy 8 deeiibphattlof stbAGKhideperfiibiide dohpohet®r izont al 'y
di sposed semi conductor dice to forma dense electronic package. By using

such st acki ngcanvestimpehsmisondvator npinefastming prehestesra mitkitaderofoeteg@tedtdirguied
to the syst erQI&f lilrcl: otf Qeei\nifcgr(l)c{lﬁoir %Eceaa&g %,pﬁ;fa]]? fzﬁainrc]:gtleg a? gnrg t?rgg grlljt%taovrva e} e. The
15  comprising a semiconducting substrate (e.g., silicon or gallium arsenide) through
methods well known in the art. These semiconductor dice are then incorporated, in
turn, into a system by mounting them on a carrier substrate, for example a printed
circuit board, to interconnect with the rest of the elements of the system, many of which
are also other semiconductor dice.
20 In recent years, semiconductor manufacturing technology has steadily
progressed, resulting in ever increasing numbers of circuit elements placed on a single
semiconductor die. Semiconductor wafers are now subjected to thinning processes,
resulting in the removal of nearly all excess silicon from individual semiconductor die.
To further decrease the size of the overall packaged system, printed circuit boards and
25  other component supporting substrates are made as small as practicable. For still
further increases in electronics density, recent innovations have turned to new ways to
package semiconductor dice. One such innovation involves vertically stacking a
plurality of horizontally disposed semiconductor dice to form a dense electronic
package. By using such stacking arrangements, multiple semiconductor die can be
30 attached to the system using the footprint area of a single semiconductor die. The
resulting increases in density allow for faster signal propagation while providing lower

overall device weight. Additionally, these “chip-on-chip or die-on-die” arrangements



resulting increases in density allow for faster signal propagation while
providing | ower overall device weight. Additionally, these "chip-on-chip
or die-on-die" arrangenments 06/ 09/2004 -2- can often be fabricated faster
and nore cheaply than by designing new integrated circuitry for
substrates. The lack of available "real estate" on snaller CirCUié@§§8@€S
makes the stacking of sem conductor dice particularly desi r abl eV pe
of stacking arrangenent, 5 wherein several+<bare sem conductor dice used for
the sane or dédnfadienrbe fobriveteddasteraand more gheapty than by demgrong pew kdegrateils known
as a multi-chi.p nodul e 6 . MCMs generally contain a plurality of
seniconductorm"l%yﬁksﬁfﬁﬁ e arrangement where they are packaged toget her

in a supporting supgd fak 6f 4Vafhble 2ReaPEtET SR bh SRk eicHEBORE mak¥stthOstadkiRy | O
art MCMs typically have a nunber of individual sem conductor die 10 nounted
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sem conductor dice is increasi.ngl ai.nin cept ance. Many t s of
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access nmenory (SRAM and FLASH nenory chips, as we as sem conductor dice
15 havi ng ot hgenetajlyesntain 4 plncalitpoisesticindastondiat dya tensdiagangemenbwherettiy

(ADC) sem conductor dice, mcroprocessors, and fiel rogramrabl.e gate
arrays (FPGAs}™? paqlgfgpcggagpg}x,ef W“E’P%‘E‘Pgdggsgﬁfectgﬁcﬁ%?8?‘613?%&‘]&%%&& ectrical
contacts whi CJﬂltﬁ&‘x“gh%}}b?'aﬁ%CMs EAR hRE al finfRE 8f inBividual SQRE&TI 0P Qied he
substrate board. In early MM stiacki'ng arrangenents, single stacks of

seni condub or mdiuted wethin th2 Pacjege irné layeratiydadjarsnigasren; tho metticalstaclingefhavi ng
substantial ly equal, di rrrgnsi.ons. For, exanple, in United States Patent

5,323, 060, as? ﬁ%‘_Hi“P WQ‘%%TCQ?}B%IY&PW acﬁ?@%‘épﬁt application, a
plurality of identigal ypeebt idabbiusoraltedas BILSANS WshPMANICRipARHlbSE! 0Sed

with a relatively thictKk adhesive | ayer interposed therebetween. The active
circuitry of dichm-diosiazkmimlidngldysposecndemiaccassi uectmry (DRAM); stahmdorhaci ng

upward, wth wrebonds 25 from each m conduct or di e extendi doywnwar dl y
fromthe acti $ESUPFELY (SMA%@H?WS S Iqu?l-al§ﬁF‘BICr?Bg\%qt‘ér dice
substrate}s  having other types of functions such as analog to digital convertor (ADC)
semiconductor dice, microprocessors, and field programmable gate arrays (FPGAs).
Typically, the stacked semiconductor dice have electrical contacts which are coupled in
common or in parallel to contacts on the substrate board.

In early MCM stacking arrangements, single stacks of semiconductor dice were

20  generally made using semiconductor dice having substantially equal dimensions. For
example, in United States Patent 5,323,060, assigned to the assignee of the present
application, a plurality of identical, vertically-stacked semiconductor dice are disclosed
with a relatively thick adhesive layer interposed therebetween. The active circuitry of
the horizontally disposed semiconductor dice are shown facing upward, with wirebonds

25  from each semiconductor die extending downwardly from the active surface to contact
pads onto a multi-chip module substrate.

In the case of memory semiconductor dice, vertical stacking proves particularly
advantageous since a plurality of semiconductor dice could be used to multiply the
amount of memory available. Illustrative of the prior state of the art in this regard is

30  “Laminated Memory: A new 3-Dimensional Packaging Technology for MCM”,
Proceedings of 1994 IEEE Multi-Chip Module Conference, pp. 58-63.



In the case of nenory sem conductor dice, vertical stacking proves
particularly advantageous since a plurality of sem conductor dice could be
used to multiply the anount of nmenory available. Illustrative of the prior
state of the art in this regard is 30 "Lam nated Menory: A new

3- Di nensi onal Packagi ng Technol ogy for MCM', Proceedi ngs of 1994 | EEE

Mul ti-Chip Mdul e Conference, pp. 58-63. 06/09/2004 -3- Mre rec@nt92004
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the art. In United States Patent 5,777,345, an integrated circuit package

i s disclosed balkgrid array conpeations and vasinig dntenpostireag shomindn dfrited Stajey Batenys

attached to a_.di dd | ead frane, 10 and a second snull er

sem conduc_tor5’§?§6%(Za?deﬁ3?(§l3§¢lirﬁs)pe‘ft§"e ‘rectly attached to the upwardly
facing active Surfﬁﬁ_ﬁleﬂfusﬁaﬁﬁca h{g%‘lteﬁﬁm/@mﬂktﬁélébﬂ diketare fimdhe M 429 TAAdS of
the sem conductor dice are shown to be connected to each other, and to the

| ead frame, blnied Siates Petsntid.Ag7.p e dntegratedicinguitpackage Balizalesed vdgpiga4

di scl h tally, dj d b 15 i condyct or,. di K t
another i n or PebrerRgi:5ler B A TR Toss e e B8 tistPeieR AN AED o
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term nals (bond pads) for interconnection of the sem conductor dice to an
i nt er connect i epwardlysteeing ectivgrsutfaee afithe fsst Femisondwi@elic. 7718 imding pads of the

W th & conductEoRERALRe R EIEPBRyOrmssieado Behotnd,Med R3he Bt FEB% B foen
two sem condugi@boflifig pfocasssubstrate carrier. The planar conductive spacer
s showmn with two COI’]%I gurations. In a first configuration, the
i nternedi at el y di sposediSefradatenh5998.864udistiosgsdwrigontailnpdispesed bare| at er al
edges, w Hq bgerrlrgconductor dice stacked atop one another in offset fashion such that an edge portion
of each semiconductor die is exposed. On the edge portions of each semiconductor die
are terminals (bond pads) for interconnection of the semiconductor dice to an
interconnection substrate.
United States Patent 6,005,778 shows semiconductor die stacking arrangements
20  wherein a planar silicon spacer with a conductive surface and upwardly facing bond
pads is mounted between two semiconductor die on a substrate carrier. The planar
conductive spacer is shown with two configurations. In a first configuration, the
intermediately disposed spacer has a two-tiered portion at its lateral edges, with bond
pads exposed on the lower of the two tiers. The spacer is further provided with lesser
25  horizontal dimensions than the first ssmiconductor die, such that the two lateral edges
of the first semiconductor die, containing bond pads for wire bonding to the substrate,
remain exposed after the spacer is adhesively affixed to the first semiconductor die. In
a second embodiment, the planar spacer has a larger footprint than the horizontally
disposed semiconductor dice used in the assembly. The spacer is placed intermediate to
30  the two smaller semiconductor dice such that lateral edge upper surface areas of the

spacer, containing bond pads and wire bonds, extend beyond the footprints of both

semiconductor dice. The second semiconductor die, also containing wire bonds on its



pads exposed on the |ower of the two tiers. The spacer is further provided
with lesser 25 horizontal dinmensions than the first sem conductor die, such
that the two |ateral edges of the first sem conductor die, containing bond
pads for wire bonding to the substrate, remain exposed after the spacer is
adhesively affixed to the first seniconductor die. In a second embodi nment,
the planar spacer has a larger footprint than the horizontally QWQB@QQ‘H
sem conduct or dice used in the assenbly. The spacer is placed internediate
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attached to such substrates using organ ased adhesi ves.
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In many adhesive compositions, the carrier material, which provides the
adhesion and mechanical strength in the bond line, is a polyimide or an epoxy resin.
The carrier can be filled with metal particles in the event electrical and thermal

20  conductivity is required. Alternatively, the carrier can be filled with non-metallic
particles, such as alumina, if the final bond is to act an insulator.

One problem associated with the application of die attach adhesives is that an
amount of a particular adhesive must be satisfactorily dispensed in a particular
thickness and over a particular area which will provide sufficient bond integrity for the

25  application, while simultaneously being free from voids. Voids are a problem for
several reasons. First, if a void appears directly under an active part of a power circuit,
the junction temperature may rise significantly since there is no material available to
pull away the heat. Second, and more obviously, voids can affect the quality and
mechanical strength of the die attach itself. Thus, the distribution of voids across the

30  adhesive bonding layer is important in determining the effects which they will have.

Small, random voids have only a modest effect on the thermal performance and

mechanical integrity of the attach. Large, contiguous voids, however, can be
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procedure n
the microelectronics industry. One of the problems that has plagued the industry in the

past is the separation or "bleeding out" of the resin vehicle from the epoxy. In some

cases, this resin bleed is severe enough to interfere with subsequent wire bonding and

lid sealing operations by disadvantageously coating the surfaces with a thin film of the
20  resin material.

The rheology (also referred to as viscosity) of adhesives is therefore a property
which is critical to proper die attach processes. Viscosity can be a difficult property to
control, and may be affected by even small changes in the ambient temperature.
Different application methods for adhesive also have different viscosity ranges. For

25  example, viscosity ranges typical for dispensing are from about 20,000 to about 60,000
centipois (cps), from about 8,000 to about 20,000 cps for stamping, and from about
30,000 to about 100,000 cps for screen printing.

Therefore, when attaching vertically stacked semiconductor dice, it would be

advantageous to develop a method and assembly for preventing adhesive overflow
30  which can potentially lead to bond pad contamination. Such a method and assembly
should ideally be simple, inexpensive, and compatible with widely-practiced means of

fabricating stacked semiconductor dice package assemblies. Additionally advantageous
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15  of the semiconductor die stack may be supplied with a thermally and/or electrically
conductive adhesive, which holds the stack together in addition to allowing for heat
dissipation and providing the necessary electrical interconnection between mounted
chips, respectively. The semiconductor die stack may also be mounted on carrier
substrate.

20 In another embodiment, two stacked semiconductor dice may be separated by a
semiconducting interposer or other substrate. The interposer is adhesively attached to
the upper surface of the first semiconductor die, while a second semiconductor die is
attached to the upper surface of the interposer. An adhesive flow control dam
positioned in the region between the perimeter of the interposer and the electrical

25  contacts or bond pads of the first semiconductor die prevents adhesive from flowing
over the electrical contacts.

In another embodiment, the method of the present invention may be used when
the two semiconductor dice are of the same or substantially similar size. The
semiconductor dice can be mounted in an offset fashion relative to one another, leaving

30 the edge portions of the semiconductor dice containing electrical contacts exposed. An
adhesive flow control dam is located on a first semiconductor die between the

electrical contacts and the die attach site. In addition, the dice may be mounted directly



the electrical contacts of the first sem conductor die when the second
substrate is nounted onto the upper surface of the first sem conductor die.
The nounting surface 15 of the sem conductor die stack nay be supplied
with a thernmally and/or electrically conductive adhesive, which holds the
stack together in addition to allow ng for heat dissipation and providing
the necessary el ectrical interconnection between nounted chips, 06/09/2004
respectively. The sem conductor die stack-fay al so be nounted on carrier
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dam can serve_@as 5 couplin apaci tor or a decoupling capacitor coupon.
of by SRR R

The decouplin el ectrically connected to the surface

of the first sem conflyEabiresi d&aﬁ@%@roftﬁ%réﬁnﬁﬂﬂeﬁﬁbﬂ WA R¢6mie AFpEEAE
i npedance. In a further enbodi nent, the dam of the present invention can be
used to those of skill in the art through a consideration of the ensuing description, the

15 accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate what is currently considered to be the best
mode for carrying out the invention:
20 FIG. 1 illustrates an example of a prior art stacked semiconductor die assembly;
FIG. 2a shows a stacked semiconductor die assembly with less than a sufficient
amount of adhesive under the mounting semiconductor die, thus resulting in the
undesirable formation of voids;
FIG. 2b illustrates a stacked semiconductor die assembly with the correct
25  amount of adhesive applied under the mounting semiconductor die;
FIG. 2c illustrates a stacked die assembly wherein an excess of adhesive has
been applied under a mounting semiconductor die;
FIG. 3 shows a side view of a stacked semiconductor die assembly which makes
use of an adhesive flow control dam to prevent the flow of semiconductor die attach

30 adhesive onto electrical contacts of a first semiconductor die;



accunul ate thermal |y conductive adhesive on a constrained region of the 10
sem conductor die in addition to preventing overfl ow of adhesive onto the
el ectrical bond pads. The thermally conductive adhesive provides increased
thermal dissipation of heat fromthe sem conductor die. Qther features and
advant ages of the present invention will becone apparent to those of skill
in the art through a consideration of the ensuing description, t f@/09/2004
acconmpanyi ng draw ngs, and the appended ct& ms. BRI EF DESCRI PTI ON OF
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I e; 3's
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fl ow of senm conductor die attach 30 adhesive onto_electrical contacts of a
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5 flow control dam nay he ,used when sem conductor dice are stacked in an
of fset fashi offmifrdyeiopdeviee;dRd another: FIG 5b illustrates an embodi ment

wherein a mounted FR{ GARAYRL 9% efbSditint in which a thermally conductive adhesive is

disposed adjacent an adhesive flow control dam for added heat dissipation.

15 BEST MODES FOR CARRYING OUT THE INVENTION
Illustrated in drawing FIG. 1 is an example of a vertically stacked integrated

circuit semiconductor die package 10 contemplated for use in the method and assembly
of the present invention. Package 10 comprises a first large semiconductor die 12 and a
smaller semiconductor die 14 which are horizontally disposed upon a carrier

20  substrate 20, the bare semiconductor dice mounted in a face-to back configuration
relative to one another. Large semiconductor die 12 and smaller semiconductor die 14
are provided with wire bonding bond pads 16 exposed on two edges of an active
surface 19 of both dice (only one edge is shown), and with wire bonds 18 extending to
bond pads 22 on the carrier substrate 20. Bond pads 16 may also be configured as any

25  of a variety of contact pads typically used for the electrical interconnection of
substrates. Under the die attach area of smaller semiconductor die 14, an adhesive
layer 13 is provided which serves to bond semiconductor die 12 and semiconductor
die 14 together. The adhesive layer may be formed of any type die attach material
known in the art, including polymers such as polyimides, polyamides, epoxies, cyanate

30 esters, silicones and acrylics (including UV curable), as well as gels, pastes, solders,
various other electrically or thermally conductive adhesives, and the like. Semifluid

adhesives may be used, as well as fluid-like adhesives with relatively little resistance to



pl aced in contact with an adhesive flow control dam of the present

invention; FIG 6 illustrates an adhesive flow control dam of the present
i nvention used to 10 prevent solder flow fromw re bondi ng operations from
contacting a nounted sem conductor device; and FIG 7 illustrates an

enbodi nent in which a thermally conductive adhesive is disposed adj acent
an adhesive flow control dam for added heat dissipation. 15 BESTOMOSRE040OR
CARRYI NG QUT THE I NVENTION Illustrated inR9drawing FIG 1 is an exanpl e of
a vertically géwckrdof tHeAgilit £ dtéctially coRMiction ddttdsies dicerefaribioia sdhe
contenpl ated for use in the nmethod and assenbly of the_ present _invention.
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semiconductor die 14 may also be of any variety known in the art, including a
semiconductor die that serves the same or a similar function to that of semiconductor
die 12, the only qualification of this embodiment being that second semiconductor
die 14 is smaller than semiconductor die 12.

20 Illustrated in drawing FIGs. 24, 2b, and 2¢ are a top views of smaller
semiconductor die 14 mounted atop a larger semiconductor die 12 by means of a
previously dispensed layer of adhesive 13. Larger semiconductor die 12 is configured
with bond (or electrical contact) pads 16 on lateral edges. In drawing FIG. 2a,
semiconductor die 14 is shown with less than a sufficient amount of adhesive

25  thereunder, resulting in the undesirable formation of voids 19. Illustrated in drawing
FIG. 2b is the correct amount of adhesive dispensed, while drawing FIG. 2¢ illustrates
the application of too much adhesive. Above each figure is a top view of adhesive
layer 13 shown as it would appear prior to the attachment of semiconductor die 14, the
adhesive deposited in this case by a stamping tool. Illustrated in drawing FIG. 2c, is the

30  deposit of adhesive where the deposit of adhesive is the same size as the semiconductor
die, the mounting of a semiconductor die or substrate may cause adhesive material to be

squeezed out sufficiently such that the adhesive 13 is forced outside the perimeter of the



5 potentials. Adhesive |ayer 13 can be deposited by any neans known in the
art, including, but not limted to, screen printing, stenciling, stanping
device, rolled on, sprayed on, or by a needle or syringe. Preferably,
adhesive layer 13 has a relatively high coefficient of thermal expansion
and/or electrical conductivity to inprove the thermal and/or electrical
efficiency of package 10, depending on the particular 10 applicab¢/8¥200+h

t he enbodi nent shown in drawing FIG 1, tH€-first sem conductor die 12 is a
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pre-formed or formed in place by casting techniques. Dam 30 is configured with lateral
dimensions and a predetermined height, shape, and viscosity so as to prevent the flow
of adhesive material 13 onto bond pad 16a when semiconductor die 14 is mounted onto
die 12. By preventing the flow of adhesive material 13 onto bond pads 16, the bond

20  pads 16 are protected from “contamination” by the adhesive material, which could
potentially render the bond pads unusable. It is understood that use of the term
“contamination” refers to any contact of adhesive 13 to bondpads 16. It is
contemplated that dam 30 may be placed in any location on semiconductor die 12
wherein the potential exists for adhesive overflow onto bond pads or other electrical

25  structures of semiconductor die 12.

[llustrated in drawing FIG. 3 is an overflow 15 of adhesive material 13 of the
kind the invention was designed to protect, resulting, for example, from the dispensing
of a low viscosity adhesive, the inaccurate placement of adhesive, or from an excess of
adhesive squeezed out from the die edges during the mounting of small semiconductor

30 die 14 onto the die attach area of large semiconductor die 12. Once die attach has been
accomplished using dam 30, stacked semiconductor dice assembly 10 may be

encapsulated by means known in the art to protect assembly 10, as well as its related



sem conductor die and onto bond pads 16a, 16b of |arger sem conductor die
12, the contam nation potentially rending the bond pads unusable. As shown
in drawing FIGs. 2b and 2c, adhesive 13 may al so be forced fromthe
perimeter edges of sem conductor die 14 and in the vicinity or onto bond
pads 16, dependent upon the 5 viscosity of the adhesive 13. As shown in
drawing FIG 3, damor barrier 30 (herein after referred to as 06MP320P4i s
provi ded or formed on an upper surface of-ldem conductor die 12. Dam 30,

whi ch is an adiesinvectione\¥rén Midigthirefedhtarhimafion, ®&d Dam S0imaydemai iagptattact ur ed
and then pre-placed and adhered on | arge_sem conductor die 12 prior to die

attach. Dam 3biing enpapsulation.oAdermatively.rdag hcasbe lemoyehpiiorthe ergapsuatiom 9
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al so be prefv ?ﬁé&ﬁﬁﬂéﬁ%ﬁﬁéﬁﬁ$% pl ace by casting techniques. Dam 30 is
configured with Iamwdtedﬂidfawm'fgqn& 3higlaralpredetabsdinret dkinglitemiiiape, and
viscosity so as to prevent the flow of adhesive material 13 onto bond pad
16a when seni wherding ssmiefindugting igterpasax ¢disdntegnediately disposgd bptwoniong t he

flow of adhesjve material .13 0 d ds, 16, the bond 2 a 6

prot ect ed frosf%nu%%ﬁf"étﬁf lgtlﬁgﬁngggb'ﬁﬁ{;er%%%e@ \?éﬂ ?ruélf[eélr?ng?,gn\‘/l\g? e(?ﬁgrc?%cljje Ioﬁ{ 1St
potentialiy remdedndub®r BRNDaPdd ippérisanteof seinidchdudtaedie t1ogdohthimingtssddof t he
term "contam nation"” refers to any contact of adhesive 13 to bondpads 16.

It is contenpidaabils lateaal edaen. 30 serend pemispadusipr diel2hhayvisg dond fpadml 60, which
sem conductor. die 12 rein the potential .exists f.or.adhesive,overfl| ow
onto bond. pads BT enaFaGrah s fereneailubfr o122 R R BRINEAB oR
II'Tustrated igurfhcavf Mekrfdser 4Bby adiRiveIBfet | DWnt&rpeder adh@BiCN prof@bblyi al 13 of
the kind the invention was designed to protect, resulting, for exanple,

from the di spemeaprisgs 2 epnductivesubstatesis fgrmedhod simensiangdess tanche frotprpit @€ ement

f adhesi ye, f dhesi d t f t he. di d
ur i ng T ol PHENERT dfhaie DekirebRER 165 et 8 B PG cach
area of | ar gee§REE AnkHsdser 4¢isadAcivelstacHi BoidpaFReRDnORLH die 12a by a

layer of adhesive 13 as described above. Dams 30 are shown positioned in the region

between a perimeter edge of interposer 40 and bond pads 16 of semiconductor die 12a
and bond pads 165 of semiconductor die 125 so as to block an overflow of adhesive 13
20  onto bond pads 16 and 16b.
It is also contemplated that dam 30 may be used when interposer 40 is formed as
a semiconductor substrate with bond pads 32 disposed thereon. In this alternate
embodiment, interposer 40 is intermediate to two stacked and horizontally disposed
dice. As seen in drawing FIG. 4, interposer 40 is configured with a footprint larger than
25  that of top die 14. A dam 30 is positioned in the region between a perimeter edge of
semiconductor die 14 and bond pads 32 of interposer 40 such that die attach
adhesive 13 does not overflow onto bond pads 32 during die attach processes.
Dam 30 can also be used when stacked dice are of the same or approximately
the same size. As shown in drawing FIG. 5a, semiconductor dice 12a and 125 are
30 mounted in an offset fashion similar to or the same as that disclosed in United States
Patent 5,998,884. In this configuration, bare semiconductor dice are stacked atop one

another in offset fashion such that an edge portion of each semiconductor die,



acconpl i shed using dam 30, stacked sem conductor dice assenbly 10 may be
encapsul ated by neans known in the art to protect assenbly 10, as well as
its related 06/09/2004 -11- interconnections, from noisture, contam nation,
etc. Dam 30 nmay remain in place during encapsulation. Alternatively, dam
30 can be renoved prior the encapsul ation process. Typically, encapsul ant
50 is an electrically insulating material which prevents elect rp@QB/ 2004
shorting of bond pads 16 and wire bonds 182-1n a preferred enbodiment, 5
dam 30 i s nadeontdiniag rand pads| 16wisi exhosed. tAhdarg dfhean be fagmied batweenkhah ofithd | ar

to, the material ich . for enca | ant . Illustrated.in.drawving FIG 4
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such that die att
dice against structural damage. As an additional advantage, peaked dams 30, when

deformed by the mounting of semiconductor dicel2, form a complete barrier to the
passage of excess adhesive 13, consequently providing increased protective capacity
and insulation for bond pads 16. As is apparent to one of ordinary skill in the art, the

20  peaked dam structure of this embodiment has further application in other types of
mounting arrangements, such as the interposer/die stack arrangement shown in drawing
FIG. 4.

In another embodiment, dam 30 can be formed to serve an additional function as

a decoupling capacitor or a decoupling capacitor coupon. A decoupling capacitor

25  coupon dam 30aq, as used herein, is defined as a relatively thin capacitive structure
which is sufficiently thin so as to minimize any associated height increase to the
semiconductor die to which it is mounted. Such a decoupling capacitor is the subject of
United States Patent 5,982,018, assigned to the assignee of the present invention.
Ilustrated in drawing FIG. 6 is an example of a capacitor coupon 30a placed near a

30 proximate edge region of larger semiconductor die 12 such that it also functions as a
dam 30, preventing die attach adhesive 13, used for the attachment of smaller

semiconductor die 14, from contaminating bond pads 16 on larger semiconductor die



adhesive 13 does not overflow onto bond pads 32 during die attach
processes. Dam 30 can al so be used when stacked dice are of the sanme or
approximately the sane size. As shown in drawing FIG 5a, sem conductor
dice 12a and 12b are 30 nounted in an offset fashion simlar to or the
same as that disclosed in United States Patent 5,998,884. In this
configuration, bare seniconductor dice are stacked atop one anof&8P/20f4
of fset fashion such that an edge portion €dB-each sem conductor die,

06/ 09/ 2004 - 1. Devduplifg expabievrdopasisledificallyscopnpnse. thdaciisdffacast be for ned
bet ween each of the seniconductor die attach sites and bond pads 16 to
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stacked dice arrangenment to protect the dice against structural danage. As

an addi t i onal acsordanceagith theaiskespedidied bythe prasant inyentionretitpatively, gapasitPhg of
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i nsul ati on f ogenfieRiubRedicd &n aAsafblsoﬁme}rse;mcoheg&&esuaﬁtraé@ywﬁmsiﬁ&h bt in the
art, the 20 peaked dam structure of this enbodi nrent has further application

i n ot her typeappbicatianefith¢ elgctradesnd aliadertric layersito the wafer privrde pogelatien ef the ack
arr angemalrgt S 1(82:,\/916ireq:ro%.ai'l'\éerf.]e!(}ablylf,I tl(mae caf'p'acitor coupon dam 30a is used in combination with
an insulating die attach adhesive 13. To prevent electrically shorting capacitor coupon
dam 30aq, die attach adhesive 13 should not be electrically conductive.
In addition to preventing bond pad contamination from die attach adhesive, use
of dam 30 has several other distinct advantages. First, the protective aspect of dam 30
20  allows relaxed requirements for die attach materials and process controls. For example,
lower viscosity adhesives can be used in the various dispensing operations.
Additionally, the dispensing process controls need not be as precise, allowing for less
expensive and higher throughput die attach procedures. Furthermore, in applications
where tight tolerances between stacked chips are required, dam 30 may secondarily
25  prevent the overflow of solder from bond pads 16 (during wire bonding or other
operations) onto a surface or conductive extension of stacked semiconductor die 14,
thus preventing electrical shorts. Illustrated in drawing FIG. 6 is this secondary
preventive function of dam 30. In drawing FIG. 6, an excess of solder 60 is controlled
from reaching surface areas or conductive extensions of semiconductor die 14 by the
30  flow control properties of dam 30. Preferably, this embodiment entails rendering
semiconductor die 30 from a material or composition of materials which have dielectric

characteristics.



I n anot her enbodi nent, dam 30 can be forned to serve an additional function
as a decoupling capacitor or a decoupling capacitor coupon. A decoupling
capaci tor 25 coupon dam 30a, as used herein, is defined as a relatively
thin capacitive structure which is sufficiently thin so as to mnimze any
associ ated height increase to the sem conductor die to which it is
nmount ed. Such a decoupling capacitor is the subject of United sPeP2004
Patent 5,982,018, assigned to the assigned4of the present invention.
Il lustrated in dradnaddifbfal aBvargageris esalingsl whaf die ataghaihesive thisphernBlz
pl aced near a 3 roxirat e edge region .of Jarger sem conductor die 12 such
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the coupon may be provi pre-place uctive or

non- condul i veemiasndhiotor dipdiasseahblitowhivhfpravdde enhanteddmatdissipgimn, partieularly

sem conducti ng substrate or _die in ,gézcor dance with the uses specified by
the present iHo@femisondugtordiein themjddle gha staslyr DamiQpihen Bisd iRGYIBRCtO8Y ned

adj acent fut Lt dtferdl) cBRflclifO4R Madi¥dnddlv 3RIpsSPive Als Blablcg conduct or
dice on a wafer or other sem conductor substrates y deposition or
application of theAeklkoin oddrawing KiGel7 gthtmatlylcapducsive adlidsiveidt:és sytablyr t o

singulation of the 15 dice therefrom Preferably, the capacitor coupon dam
30a i s used iwswg/af 1sgtacrA ogto apd aropnd the disptachoarss nasush aapangesse 3830 1o

prevent ejlsgc 'ESE% g,laéé,hyacfagﬁ} drg ﬂ%gvp(%g*.v%@[y t‘é%i:h‘%ndanq 3] @9&8 gﬁ& foshih8® from

adhesi ve no e electri conductive. 1n a tionto
preventing bocsht@athatenthebondpadsl 6 rkha siifecesdreppioviidd &g itheegveri@w of

thermally conductive adhesive 13a provides increased thermal dissipation of heat from
semiconductor dice 12 and 14. In this embodiment, dam 30 may protect contamination
of bond pads 16 or alternatively, may be used on the upper surface of a stacked

20  semiconductor die wherein the upper surface does not contain bond pads, such as in
stacked die arrangements with one or more BGA die, to allow for an accumulation of
thermally conductive adhesive 13a. Preferably, thermally conductive adhesive 13a is
comprised of an Ag-filled polymer. Other adhesive polymers are also contemplated for
use, including non-electrically conductive polymers, such as alumina-filled polymers, in

25  applications where bond pads 16 or other electrically conductive parts of vertically
stacked assembly 10 are in danger of electrically shorting due to close proximity of
thermally conductive adhesive 13a. In carrying out this embodiment, dam 30 may be
formed of a predetermined height which is relatively taller than other dam embodiments
disclosed by the present invention, the height configured to provide sufficient

30  protection for bond pads 16 due to increased risk of contamination by an intentionally
applied excess amount of thermally conductive adhesive 13a. In an alternative

embodiment, a thermal gel is used as the thermally conductive adhesive 13a.



of dam 30 has several other distinct advantages. First, the protective
aspect of dam 30 20 allows relaxed requirenents for die attach materials
and process controls. For exanple, |ower viscosity adhesives can be used
in the various dispensing operations. Additionally, the dispensing process
controls need not be as precise, allowing for |less expensive and higher

t hroughput di e attach procedures. Furthernore, in applications (h8PR004ght
t ol erances between stacked chi ps are requilSed, dam 30 nay secondarily 25
prevent the overf|pwildbe spprdiatetl b9 Ahdre REilRA NS theGrt(tHatthe\embbdithehBn@ishg oOr

ot her operations) onto a surface or conductive extension of stacked

sem conduct ordeg¢iibedgwhile Hlpstrating ceftaingmiqdiments.cae netHatended to|soinit theed i n

FlG o) an extuebionds T GEREEH aoBBRETbinkS Fof PmiAE BiniAFPUGR il S
or conduct i vedeuiiashith fef@En®atiadantstBadierdbethd prdwction®dfadhdsivew cont r ol
properties of dam 30. Preferably, this enbodinent entails rendering

sem condudt orcagiamigatidn ¢frhoad padeduriig die attashplasiappbeabdity tenthe pedtectighiofh have

dielectric charagteristics. 06/09/2004.-14- An_additional  advant IS
Feal | sed whert Al hohimaR EmeR ARy el S SmistbRicd STt e
operation, chirfdes GofitatpHds, RIRS bills dlouRfMerecassed) 8Rktricalplugd, ¥tl.i PRGsel N heat
caused by the powering on and off of sem conductor dice are known to cause
consi der abl e shillddkiniteeart will else undestandihat vathus combitatonsmranedifieations afths
arrangenments an untings.  Fur rnore, . re sem conduct or di.ce are

2t acked one BPGER Bl Sl S BRI i BoRhit ERBLIE sPins N I
gener at edjgoy inkentiam conductor dice in the mddle of the stack. Thus, a
design chal l enge for stacked sem conductor dice assenblies is to wthstand
t hermal expansion during operation, and the substantial contraction that
occurs when operation ceases. Mireover, there has been a need for 10

sem conductor dice assenblies which provide enhanced heat dissipation,
particularly from sem conductor dice in the mddle of a stack. Dam 30,
when used in conjunction wth a thermally conductive die attach adhesive,
hel ps solve this problem As shown in drawing FIG 7, thermally conductive
adhesive 13a is suitably viscous and/or is placed onto and around the die
attach area in such a manner so as to



15 be in contact with, or to flow outwardly towards, dam 30, where it is
restrained from contam nating the bond pads 16. The surface area provi ded
by the overflow of thermally conductive adhesive 13a provides increased

t hermal dissipation of heat from sem conductor dice 12 and 14. In this
enbodi nrent, dam 30 may protect contam nation of bond pads 16 or
alternatively, may be used on the upper surface of a stacked 20 06/09/2004
sem conduct or di e wherein the upper surfadé-does not contain bond pads,
such as in stacked die arrangenments w ChAIMS or nore BGA die, to allow for

an accunul ati g@ of theﬁ mal |y conductive adhesive 13a. Preferably,

thermally co S\l ive 13a is conprised of an Ag-filled pol yner.
Q her adhesi ve pol ynmer sagh&néd /P F&@ﬁt‘ﬁi%& ke E@ltamitfion pist! el
non-el ectrically conductive poﬁ)y#er S, S ccﬁ‘ asea uaénna-??{)feé polymers, in
25 appl i cat i oglsectrited contacirtiring tisanhtacorringtofiarstaek @t demicalduytoe diechissimbly, part s

of vertically stacked assenbly 10 are in danger of electrically shorting
due to cl ose YYISHEy of thermally conductive adhesive 13a. In carrying

out this enbogi (yﬁp{ ﬁ?‘“‘ : -gggs gcirgc%; 1 i ght which
is relativel Sﬂjtoa egral ?ﬁg%éﬁ%f er Cg)gr%lefé%o I rtrgéll%lg:OH I sclogég%ﬁﬁgm?ﬁl&e&gr esent
i nvention, the hei ghfaceaaid upeedirface poropriidheg stuédst oneelectdlal pontecindanlehstr

bond pads 16 due to increased risk of contam nation by an intentionally
appl i ed excess anofffiregiendorapapnting assrendcenyeondustesdie 13a. In an

alternative i t | qﬁﬁg]% . : tive
adhesi ve 13a.ﬁ§2%%&f &fé@ F{{%Wﬂﬁg cgléé?alppr cﬁg%ingggé%ﬁfgg%hékﬁg{lgggl n
the art tHat the erhiai foErmbantieyeiecontbsniicdelictonticl amdishidus ldastdnegleeaidahi n

enbodi nents, are not intended to so limt the invention or the scope of
t he appended cl ai 84S exanpl e, this invention, while being described

cont an nat  or 50 Bk Aedve AEAILES abBHich U RGNS roTRFFRMna, |

protection of ot hscord seiicomiuktos digpament s whi ch may be attached to a

sem conductor die, including traces, contact pads, solder_ balls, nounting
recesses, el e@POHRQ a sacopdsemyeonductpy diccontegaid pidgast ang regiogyfor yopnting & o

under stang: t hat vagj i . ans . i f1.cat i eferred
enbodi rrent%s coul d éﬁ%@%@ﬂ?ﬂd&oﬂ Q%eoggélthﬁr)fgﬂ S{elrng‘hﬁm ggg(@%b%r%?dlgﬁgé 10

i nvention. prevented from contacting said at least one electrical contact by said at least one

fuad

adhesive flow control dam.

2. The method of claim 1, wherein said applying an adhesive comprises

20  applying a thermally conductive adhesive.

3. The method of claim 2, wherein said applying an adhesive comprises

applying an Ag-filled polymer.

25 4, The method of claim 1, wherein said applying an adhesive comprises

applying an electrically conductive adhesive.

5. The method of claim 4, wherein said electrically conductive adhesive
comprises alumina-filled polymers.
30
6. The method of claim 1, wherein said applying an adhesive comprises

applying an adhesive having a coefficient of thermal expansion approximating a



06/ 09/ 2004 -16- CLAIM5S What is claimed is: 1. A nethod for preventing
adhesi ve contam nation of at |east one electrical contact during

manuf acturi ng of a stacked sem conductor die assenbly, 5 conprising:
providing a first sem conductor die, said first sem conductor die having an
upper surface, said upper surface conprising at |east one electrical
contact and at |least one region for nounting a second sem conduf6/69/2004;
provi ding at |east one adhesive flow contsigk dam positioned between said at

| east one 10cdeefidi&h ofﬂferrﬁ@l%bﬁkﬁlorﬁoﬁ&&%f@ cOEffician o hbAhal ¢kpardibh ofahid at
| east one electrical contact; applying an adhesive to at |east a portion

of said at | elarstsepreondugiopdiet acoeffoient Wmaéem@ogéﬁ@éﬁmodor die; and

nounting a second cqonduct or di e ont,0 ne re.

Tount | ng a - TEREBHCEE T aeie 4T L SRS o Bl b sty
sai d adhesi Vesenﬁé&id@%?@iefdha@hlﬁ%@écﬁﬁtsleﬂﬁcoﬁah&ioﬁ&xd east one el ectrical
contact by said at | east one adhesive flow control dam 2. The nethod of

claim 1, vherein said applying an adhesive conprises 20 applying a
thermal |y conductiye ad S|v§]§d3 The e hod of erein said

| ai.m 2
appl yi ng an adhesi e co LRI ilng ﬁrﬁmﬁﬁ“’f?cm?@ring A RYARSIVE comprisesTh o

met hod of cl ajypiving %‘ﬁdﬂ%'si@e%?'oﬁe%f’ﬁﬂré’én%rﬁlg 3GORBINGS s@h ﬁﬁfgcﬁﬁﬁze RPRgdd)g an
el ectrically conductive adheSive ) hod of claim4, wherein said

el ectrically spoayingon,necdlddispensed, andrspringeedispensed. na-fi | | ed pol yners. 30 6.
The nethod of claim1, wherein said applying an adhesive conprises
appl yi ng an adhesi ve having a coefficient of thermal expansion

approxi mefg ng a g, The method of claim 1, wherein said applying an adhesive comprises
applying an adhesive of one of polyimides adhesives, polyamides adhesives, epoxy

adhesives, cyanate ester adhesives, silicone adhesives and acrylic adhesives.

9. The method of claim 1, wherein said applying an adhesive comprises

15  applying an adhesive of one of gels, pastes, and solders.

10.  The method of claim 1, wherein said providing at least one adhesive
flow control dam comprises forming at least one adhesive flow control dam in situ on
said first semiconductor die.

20

11.  The method of claim 10, wherein said forming said at least one adhesive
flow control dam in situ comprises forming at least one adhesive flow control dam by a
method selected from the group consisting of sputtering, CVD, PVD and photoimaging
techniques, or any combination of these techniques.

25

12.  The method of claim 1, wherein said providing at least one adhesive
flow control dam comprises forming at least one adhesive flow control dam by a
casting technique and attaching said at least one adhesive flow control dam to said first
semiconductor die.

30



06/ 09/ 2004 -17- coefficient of thermal expansion of one of a coefficient of
thermal expansion of said first sem conductor die, a coefficient of

t hermal expansi on of said second sem conductor die, and an average of the
coefficients of thermal expansion of said first sem conductor die and said
second sem conductor die. 5 7. The nethod of claim1, wherein said gj)glli ng
an adhesive conprises applying an adhesive by one of screen pri8¢PHg00
stenciling, stanping device, rolling on, -18prayi ng on, needl e dispensed,
and syringe di spenged. Tke @ethdtief ciainhdgdwhéreinl saidproyidintpedt dsast @riadhedivd yi ng
an adhesi ve conprises . applying an adhesive of gne of polyi m des adhesives,
pol yani des adhe¥ coutol damsepprisghiosmingsat leastongradhesiyeow gpiteelvlam ofg | j cone

adhesi ves angﬂ%%{:ixll Af%n@%??@}élgﬁe% %ogggﬂ?dégewe%og%ﬁd aim1l, wherein said

appl yi ng an sive conp ying a esive of one of gels,
pastes, and solders. 10. The nethod of claim11, wherein said providing at
| east one adhesive flow control dam conprises, formng at |east one

adhesi ve I ow contFbl dhis methed of clgim 1swherem; said prewidingaH drast Uic adhesiveyp 11,

The met hod Of%(g‘kq%m&_ AR B él?i\/@éﬁr%t%ﬂg?ﬁﬁaidﬂe?% hERY H{?&?daﬁ{jheSi ve

fl ow control N situ compris ng at |east one adhesive flow

control dam byon@prisiist Hdstoaplircdapacifor aonpgoae group consi sting of sputtering,
CvD, PVD and photoinaging techniques, or any conbination of these
techni ques. 25 12. The method of claim 1, wherein said providing at | east

one adhesive fl Owlfon.t’fﬁ)é Itng %?%Mﬁe&h%rgfn -anﬁ%rgbidkn%afﬁrsf &?ni?mao}[ﬂief | ow
control damby a Ccasting technique and attachi sal® a east one
adhesi ve 0 owdmtise®prodiding @ figdkémicbfidilctorshiaThaadmcal ik et side ¢han3he §16¢ 69422004

second semiconductor die.

16.  The method of claim 1, wherein said providing a first semiconductor die
comprises providing an integrated circuit semiconductor die.
15
17.  The method of claim 1, wherein said mounting of said second
semiconductor device comprises placing at least a portion of said second semiconductor

die in contact with said at least one adhesive flow control dam.

20 18.  The method of claim 17, wherein said placing at least a portion of said
second semiconductor die in contact with said at least one adhesive flow control dam
comprising pressing said at least a portion of said second semiconductor die against

said at least one adhesive flow control dam, said at least one dam being deformable.

25 19. A method of manufacturing a stacked semiconductor die assembly
comprising:
providing a first semiconductor die, said first semiconductor die having an upper
surface, said upper surface comprising at least one electrical contact and at least
one region for mounting a second semiconductor die;
30 providing at least one adhesive flow control dam positioned between said at least one
region for mounting a second semiconductor die and said at least one electrical

contact;



-18- 13. The nethod of claim 1, wherein said providing at |east one
adhesi ve flow control dam conprises form ng at | east one adhesive fl ow
control damof a material of one of polyimdes, polyan des, and epoxies. 5
14. The method of claim1l, wherein said providing at | east one adhesive
fl ow control dam conprises providing at | east one adhesive flow control dam
conprising a decoupling capacitor coupon. 15. The nethod of cl ai 86/09/2004
wherein said providing a first sem conductl® die 10 conprises providing a
first sem congiplying atlhdhekiae itd1gt 18ast apeftionsofagidtdd bsast dhe régide ferfmeaitidg asecond
sem conductor die. 16. The nethod of claim 11, wherein said providing a
first seniconductoﬁmﬁmb“m@@WﬁhP§%§“b9@$iding an integrated circuit
sem conduct Ormg{u%in SSe%gnd ;I%%ccm%ﬁx@%g d%fon% i tj'lea%ﬁé ?ég?onsﬁk %o%BHﬁ'é 4ng of
said second sem conductor device conprises placing at 9east a portion of
sai d second sen cogdufd S¥micétidicion dieastisaielt firgd sehhisatiddcetat diegasd adhesivadhesi ve
flow control dam 20 18. The nethod of claim 17, wherein said placing at
| east a portion of Pused Gemmentasting saithatleass pneielectrigalcontagichy said #f least eneat
| east one adhesivemﬁlgwgglgg&ﬁﬂ() m conprising pressing said at least a
portion of said sefond 'S conductor die against said at |east one
adhesive flow control dam said at |east one dam being deformable. 25 19. A
met hod of manufacturing a stacked sem conductor die assenbly conprising:
providing a first 2&ni cbheimethod ofiiclaimdg; wheremssaidsanplydeaiuedhspive cemprseasng an
upper surface 15aidﬂ%%ﬁﬁﬁ sgnf 8. & gising at | east one electrical
contact and a@“{%ﬁ%? 8 ¥%d}8ﬁ Yo? u%ting a second sem conduct or die;
30 providighg at | east one adhesive flow control dam positioned between said
at |least one region for nnuntigg g'second sem conductor die and said at

£

| east one el ectrical. cohe method on 20owherei said applying a thermally conductive
adhesive comprises applying an Ag-filled polymer.

22.  The method of claim 19, wherein said applying an adhesive comprises

15  applying an electrically conductive adhesive.

23.  The method of claim 22, wherein said electrically conductive adhesive

comprises alumina-filled polymers.

20 24.  The method of claim 19, wherein said applying an adhesive comprises
applying an adhesive having a coefficient of thermal expansion approximating a
coefficient of thermal expansion of one of a coefficient of thermal expansion of said
first semiconductor die, a coefficient of thermal expansion of said second
semiconductor die, and an average of the coefficients of thermal expansion of said first

25  semiconductor die and said second semiconductor die.

25.  The method of claim 19, wherein said applying an adhesive comprises
applying an adhesive by a method of one of screen printing, stenciling, stamping
device, rolling on, spraying on, needle dispensed, and syringe dispensed.

30



appl ying an adhesive to at least a portion of said at | east one region for
nmounting a second sem conductor die; and nounting a second sem conduct or
die onto said at |east one region for nounting a second sem conductor die
of said first sem conductor die, said adhesive 5 prevented from contacting
said at | east one electrical contact by said at | east one adhesive flow
control dam 20. The nethod of claim 19, wherein said applying aP/9%ReY ve
conprises applying a thermally conductiv@0adhesive. 10 21. The nethod of
cl ai m 20, wherein Zai d Hpphythnd ofickhine d favhereiacaidwapplyine arcaithesiveeompniges i ses

| yi Ag-fi.lled | . 22 . et f claim19, wh [ id
2bpl vi ng an_ ARbERS S BBV Sbans dipolpBidR HiCHH e FRRDI a5 DBREREEFye
adhesi ve. 23. : - el ”%ﬁdz i idelectrically conductive
adhesi ve coﬁ%@??ggsgp%%F%E??%ﬁ$% p%i ne#g&ﬁ§%924. The net hod of claim 19,

wherein said applying an adhesive conprises applying an adhesive having a

coefficient of the I pansi Qn _approxi mating a coefficient. of thermal

expansi on%of one oﬂr: c ‘FlFé‘Pgﬁf %?mﬁﬂe‘%ﬂné%@éﬁgﬁ&}s PracQgFIYe cqIpprages

sem conduct or, (i £Le ion of said second
apg)lﬂ}glzlg &n £AfRENL OF 65 oioée}st, Pﬁ%&?%%cﬁ@@éﬁ

sem conduct or and an average © Iclrents of thermal expansion
of said first 25 sem conductor die and sai d second sem conductor die. 25.

The net hod of claim 19, wherei i d appl ying an adhesi ve, conpri ses.
appl yi ng an adhesi % byTB¢ %&Hgafgka%ai wﬁerglersé@rprgvlﬁw&aﬁbe,astétn@ﬁéhwwg,
stanping devg | 4 . k -di R Z1ale; i-nge
di spensed. SOH%‘gf S@y(g(ﬁfﬁgmggms%fﬂ{%ga r%g%ﬁto(g%g@hgﬁlg% %&?g,éﬁ\?&%ererrr&}s‘f‘giog
appl yi ng Hn aghivbfirsy sengioopiuceedieappl yi ng an adhesi ve of one of pol yi m de

adhesi ves, epoxy adhesives, cyanate ester adhesives, silicone adhesives,
and acrylic adhesives.

29.  The method of claim 28, wherein said forming said at least one adhesive

flow control dam in situ comprises forming at least one adhesive flow control dam by a
method selected from the group consisting of sputtering, CVD, PVD and photoimaging

15  techniques, or any combination of these techniques.

30.  The method of claim 19, wherein said providing at least one adhesive
flow control dam comprises forming at least one adhesive flow control dam by a
casting technique and attaching said at least one adhesive flow control dam to said first

20  semiconductor die.

31.  The method of claim 19, wherein said providing at least one adhesive
flow control dam comprises forming at least one adhesive control dam of a material of
one of polyimides, polyamides, and epoxies.

25

32. The method of claim 19, wherein said providing at least one adhesive

flow control dam comprises providing at least one adhesive flow control dam

comprising a decoupling capacitor coupon.

30 33.  The method of claim 19, wherein said providing a first semiconductor
device comprises providing a first semiconductor die having a larger size than the size

of said second semiconductor die.



5 27. The nethod of claim19, wherein said applying an adhesive conprises
appl yi ng an adhesi ve of one of gels, pastes, and solders. 28. The nethod of
claim 19, wherein said providing at | east one adhesive flow control dam
conprises formng at | east one adhesive flow control damin situ on 10
said first sem conductor die. 29. The nethod of claim 28, wherein said
form ng said at | east one adhesive flow control damin situ conp6i09£6§04
formng at | east one adhesive flow controf2ldam by a nethod selected from
the group consistizg of Thpmbihod iofglaife VD, widBindad b eidRigeliist@midénductor
techni ques, or any conbination of these techniques. 30. The nethod of claim
19, wherei n sdif gomposdsdirenjdiag andutsgrated wirguit sernigenductaswicont rol  dam
conprises formng at | east one adhesive flow control damby a casting
techni que and attaching said at | east one adhesive flow control damto said
first 20 sem cond3g:t or THE @ethdd of ¢hafn 19! fiefeddonsrRind ehBapsoliing iafleastiad
providing at | east one adhesive flow control dam conprises form ng at

| east one Sadhewtioeotasurfase atkarnf gaid dirstwemidoadueior dipand exid pesiond s¢rdisgnductor

pol yam des, q?d epoxies. 25 32. The method of claim 19, wherein said
provi di ng at '®ast one adhesive flow control dam conpri ses providi ng at

| east one adhesive flow control dam conprising a decoupling capacitor
coupon. 30 33. The nethod of claim 19, wherein said providing a first

sem conductor devie cthpmethed of clauh 36 nyherein; saisk ensepristating atleast adiogtidnessi ng

a larger size than the size . of said.,second sem.conductor. die. 06/09/ 2004
"1™ G4 The hatHon Bh AR ArdoeTirandte O AR TS STans g icphdispor dic frdher

sen condugy or cdthRise BikfabSR S @id 4HialBesife W 8&tAJl dmCi r cui t sem conduct or
die. 35. The nethod of claim19, further conprising encapsul ating at | east

a 5 portion of a surface area of said first sem conductor die and said

second sem conduct . djl'ﬁe' method of claim 36, wherein said providing at least one adhesive

flow control dam comprises forming said at least one adhesive flow control dam from a
composition of materials substantially similar to the materials used for said
15  encapsulating at least a portion of a surface area of said first semiconductor die and said

second semiconductor die

38.  The method of claim 35, further comprising removing said at least one

adhesive flow control dam prior to said encapsulating.

20
39.  The method of claim 19, wherein said applying an adhesive comprises
applying said adhesive such that at least a portion of said adhesive is disposed adjacent
said at least one adhesive flow control dam and outside said at least one region for
mounting a second semiconductor die.
25

40.  The method of claim 39, wherein said applying an adhesive comprises

applying a thermally conductive adhesive.

41.  The method of claim 19, wherein said mounting of said second
30 semiconductor die comprises placing at least a portion of said second semiconductor

die in contact with said at least one adhesive flow control dam.



36. The nethod of claim 35, wherein said encapuslating at | east a portion
of a surface area of said first sem conductor die and said second

sem conductor die further 10 conprises encapsul ating said at adhesive fl ow
control dam 37. The nethod of claim 36, wherein said providing at | east
one adhesive flow control dam conprises formng said at |east one adhesive
flow control damfroma conposition of materials substantially 9¢/8P{2804¢t o
the materials used for said 15 encapsul ati2dg at | east a portion of a
surface area of sadl fi Tkt msthot o nldim @by whireinasan Hading atdeasoagogmmiofeaiduct or

die 38. The met hod of, cl im§5,, further., conprising repoving said af | east
one adhesi veSSEPRshPeRyRRdgLtog din ip copct it saidiatdaast fas pdiiesiyg Howrongol dam,

met hod of cl algpdes PRESIEE Bhid & 1a ARG RFIAINERI ¥R CAIREbSES acARR! $idY
Ch that & oo st &F

sai d adhesive s east a portion o esive Is spose
adj acent sai at ledst breasthesinefladivesirvlada, and sdteirnsaidl proviading awlesst dee sai d at

| east one regign for, nmounting a second sem conductor die. 25 40. The

met hod of x| a¥dnesye flgeoafral dsaérr W%Hﬂ%?ﬁﬁ’“i; g saif atledst opg Adhesivedlovasantipl ng a
thermally con %Y&n@%@@grhme. 41. The nethod of claim 19, wherein said
nounting of sald secon sem conductor die conprises placing at |east a
portion of said second sem conductor die in contact with said at | east one
adhesive flow control da 06/ Q9/.2004 -22- 42. The. nethod of claim41,
wherein said placihy at Ihemsthod ofglaim dfl, iyrthergomprisingvire Bepdingtid atdeasgi e in

contact with sa éi?&lthAI €8thetO4a \@ﬂé}gﬁisgi% bR %’Eiera&' ong%g{xj%s?\%%a% géittrol

pressing said at [east a pottion of said seco sem con o] e agai nst

said at 1(easdamnempdiessongurin@waikicitl¢as! ordadhesivdflovw eostrol dami for preosntitigng at
| east one 5 adhesive flow control ,dam conprises providing said at | east one
adhesi ve f|ov@%§‘ﬁtﬂ0& ontg ghleai adertian fspidhseepndesemiepndyetar digior 3@ e¥iEnsion; m 19,

further conpriysifalhil PRtk iendiapd at | east

44. A stacked semiconductor die assembly comprising:

15  afirst semiconductor die, said first semiconductor die having an upper surface, said
upper surface comprising at least one electrical contract and at least one region
for mounting a second semiconductor die;

at least one adhesive flow control dam for preventing flow of an adhesive onto said at
least one electrical contact during mounting of a second semiconductor die, said

20 at least one adhesive flow control dam positioned on the upper surface of said
first semiconductor die; and

a second semiconductor die, said second semiconductor die adhesively mounted onto
said at least one region for mounting a second semiconductor die of said first

semiconductor die.

25
45.  The stacked semiconductor die assembly of claim 44, further comprising
an encapsulant surrounding at least a portion of a surface area of said first
semiconductor die and said second semiconductor die.
30 46.  The stacked semiconductor die assembly of claim 44, further comprising

a carrier substrate, said first semiconductor die being disposed on said carrier substrate.



one electrical contact, and wherein said providing at |east one adhesive
flow control 10 dam conprises configuring said at | east one adhesive flow
control damfor preventing solder flow onto at |least a portion of said
second sem conductor die or an extension thereof during said wi re bonding.
44. A stacked sem conductor die assenbly conprising: 15 a first

seni conductor die, said first sem conductor die having an upper 86i0PR0684
said upper surface conprising at |east o#8-electrical contract and at

| east one region 4nr nohdthdked dehReaGtGIAIIE SRBABELT440fiRtheBborhirassig Hne
adhesive flow control dam for preventing flow of an adhesive onto said at

| east one el ewpynting adhssivadispasad; anpt deasha peron pf a regserveicsaisbmpensitace of di e,
ot Faceof s REuRdRARIOk il P o PR ARG 20 A

Sa S€ .
surface of sal I TSt S or con T die,

sai d second skutvesHWhitCatQeastbe aThasISE NIBhcoRBUNdRE ahidid seedhdl sethich®AftorARe
region for nmounting a second sem conductor die of said first sem conductor

die. 25 45. The stacked seni conductor die assenbly of claim 44, further
conprising an encapsul.ant surroundi n t l.east i.on,of ,a surface area
of o1 d (et sortbondli aokeh aiRicnduitr g RSRESLRTAMRIE Mo B d 50 26
The stacked sgpugapHiaEAVe BicBnASHEIH de Bbrmkdl .dﬁh&éqtiv%llhh{'ihgran‘égﬁ&éd Shrifiite @
carrier substrate, said first sem conductor die being disposed on said
carrier substarga beingbgaydisgipetive.23- 47. The stacked semni conductor die

assenbly of 44, further conprising a nounting adhesive di sposed on at |east
a portion of a region of said upper surface of said first sem conductor

die, at lgast a poud.i onTRY stickied sEmitBhdn o 8ssbvBlybfebamerd, whslenpand sai d at
| east one adhesive flow control dam and said second sem conductor die. 5

48. The st ackedusting edredivecompdises aashgfitled polymst.ai m 47, wherein said
nmounti ng adhesive is configured to be thernmally conductive having an
exposed surface

50.  The stacked semiconductor die assembly of claim 47, wherein said
mounting adhesive is configured to have a coefficient of thermal expansion selected
15  from the group consisting of a coefficient of thermal expansion of said first
semiconductor die, a coefficient of thermal expansion of said second semiconductor
die, and an average of the coefficients of thermal expansion of said first semiconductor

die and said second semiconductor die.

20 51.  The stacked semiconductor die assembly of claim 44, wherein said at
least one adhesive flow control dam comprises at least one decoupling capacitor

coupon.

52.  The stacked semiconductor die assembly of claim 51, wherein an
25  adhesive used to mount said second semiconducting includes an electrically insulating

adhesive.

53.  The stacked semiconductor die assembly of claim 44, wherein said at
least one adhesive flow control dam comprises a material selected from the group

30 consisting of polyimides, polyamides, and epoxies.



area being heat dissipative. 10 49. The stacked sem conductor die assenbly
of claim48, wherein said nounting adhesive conprises an Ag-filled
pol ymer. 50. The stacked sem conductor die assenbly of claim47, wherein
said nmounting adhesive is configured to have a coefficient of thernal
expansion selected 15 fromthe group consisting of a coefficient of thernmal
expansi on of said first semconductor die, a coefficient of theP¢Ap/2004
expansi on of said second semiconductor di2d; and an average of the
coefficients of th&tnal Tlexparksd semicbndmiat di¢ 4ssémblyrof chie dt whereth @idfigdt sai d
second sem condyctor die, .20 51. The stacked sem conductor die assenbly of
clai m 44, wheicBIFPndRetgr g‘te 1s ?aéﬁ‘étthaé‘r?éldaﬁﬁw spaugandiictebdier ol dam conpri ses at
| east one decoupling capacitor coupon. 52. The stacked sem conductor die
assenbly of claim51, wherein an 25 adhesive used to nount said second
sem conduct i ng i nc§lidesThanstadked sermizahduyctorrBehssémbly of athivaslidy whereih saihfirst
st acked sem conductor die assenbly of claim44, wherein sajd at |east one
adhesi ve 1 oweaBsRIdyFtopdie i shstantially the same sizg ps s skeod sempispdustor dicoup 30
consi sting of polyimdes, polyam des, and epoxies. 06/09/2004 -24- 54. The
stacked sem conductor die assenbly of claim44, wherein said first
sem conductor die $& | aTlestadkedRemzbAdntrralidlassenblywidisiman, dhereinsaid filke
stacked sem conductor die assenbly of claim44, wherein said first 5
seni conduct or Segpieondyctor digicarprises dn infegradehsireyit sgmicondugter diecond
sem conductor die. 56. The stacked sem conductor die assenbly of claim 44,
wherein said first sem conductor die conprises an integrated circuit
sem conduitk or di e.57.0 5The stheked saaiceadintri dioademnblgrof dlatmalgsetibiein sald cl ai m
44, wherein said _second sem conductor die conprises an integrated circuit
seni conduct or Segprd seggcondygtos digqempriseanciaiegiatedrircyitsemicondustor die- cl ai m 56,
wherein said integrated circuit sem conductor die is selected fromthe
group consi sting of

58.  The stacked semiconductor die assembly of claim 56, wherein said

integrated circuit semiconductor die is selected from the group consisting of
15  microprocessors, DRAM, SRAM, FLASH, ADC, FGPA, active pixel sensor, and

operation amplifier.

59.  The stacked semiconductor die assembly of claim 57, wherein said
integrated circuit semiconductor die is selected from the group consisting of
20  microprocessors, DRAM, SRAM, FLASH, ADC, FGPA, active pixel sensor, and

operation amplifier.

60.  The stacked semiconductor die assembly of claim 44, wherein said
second semiconductor die is mounted in an offset fashion relative to said first

25  semiconductor die in one of a horizontal offset and a vertical offset.

61.  The stacked semiconductor die assembly of claim 44, wherein said at
least a portion of said second semiconductor die is in contact with said at least one

adhesive flow control dam.

30



15 m croprocessors, DRAM SRAM FLASH, ADC, FGPA, active pixel sensor, and
operation anplifier. 59. The stacked sem conductor die assenbly of claim
57, wherein said integrated circuit sem conductor die is selected fromthe
group consisting of 20 m croprocessors, DRAM SRAM FLASH, ADC, FGPA
active pixel sensor, and operation anplifier. 60. The stacked

seni conduct or die assenbly of claim 44, wherein said second senD6OARN04 or
die is mounted in an offset fashion relati2fe to said first 25 sem conduct or

die in one of a hog2.zonTid stadlied 8émdddwtorlié hssanbBf Ifeflim Al whiRkem sidgked
sem conductor di e assenbly of claim44, wherein said at |east a portion of
sai d second slenitepaadhesiye flomecqantrol dara dheaadigurgdity deform upon [seid spnteetevith said
adhesive flow con(*rol. da, " 3Q. 06/ 09/ 2004 -25- 62. The stacked sem conduct or
di e assenbly o %ﬁlc%{ﬁkﬁ% i n said at | east one adhesive flow contro
damis configured to deformupon said contact with said second

sem conductor die. 5 63. The stacked sem conductor die assenbly of claim

44, whereidn sai d a#3. | ehka stagked samwonducten diqassomblyoif clim 4y wdarin said at
substantially, acrossan.enfire width of said, fir sem conduct ar, .die. . 64.
The stacked ~lshE0naURRyR sl Sorliolip fusat fupsianlilly RER REPRUE K Gy T
at | east one st enbiesiueidrandi ng from said at | east one electrical contact.
65. The stacked seni conductor die assenbly of claim64, wherein said at

| east one adhesive flow control damis further configured to prevent sol der

flowonto at leasi,a portio f said,second se 0 cto ie or an..
extenston thereor ot i norpaedseBinanRISERe akPRbBol i, fsther ko Prising
contact. fF. £ 1SRIDSORHYEHAT extbiRiifs frofml sdlBat1Qst bieelédirichl sbmaked _
sem conductor die assenbly conprising: a first sem conductor die, said

first sem conductor die having an upper surface, said

65.  The stacked semiconductor die assembly of claim 64, wherein said at
least one adhesive flow control dam is further configured to prevent solder flow onto at
least a portion of said second semiconductor die or an extension thereof during wire

15  bonding of said at least one electrical contact.

66. A semiconductor die structure for use in a stacked semiconductor die
assembly comprising:
a first semiconductor die, said first semiconductor die having an upper surface, said
20 upper surface comprising at least one electrical contact and at least one region
for mounting a second semiconductor die; and
at least one adhesive flow control dam positioned between said at least one region for
mounting a second semiconductor die and said at least one electrical contact,
wherein said at least one adhesive flow control dam is configured to prevent
25 adhesive from contacting said at least one electrical contact during mounting of
a second semiconductor die onto said at least one region for mounting a second

semiconductor die.

67. The semiconductor die structure of claim 66, wherein said at least one

30  adhesive flow control dam comprises a decoupling capacitor coupon.



20 upper surface conprising at |east one electrical contact and at | east
one region for nounting a second sem conductor die; and at |east one
adhesive flow control dam positioned between said at | east one region for
nounting a second sem conductor die and said at | east one el ectrical
contact, wherein said at |east one adhesive flow control damis configured
to prevent 25 adhesive fromcontacting said at |east one el ectri @&09%280 act
during nounting of a second seni conduct o26ei e onto said at |east one
region for nmounting.a SEmosethicarinroodetstdiotrdofelait/o6, Wheresiesaid anldastone di e
structure of c(i;lai,m §6’ wherejin said, at | east 8‘%e qu adﬂesi ve flqw cor}trol
dam conpri ses2Re}IE HAPIORGO EQTRRYiseE 8 pieTIal 6B Peed Dormthe groupsansisting o

sem conduct or %i}?niéésrPglg%ﬁlleanﬁleﬁi)ﬁ}:éG’ wherein said at | east one adhesive
fl ow control dam conprises a matefial selected fromthe group consisting of
pol yi m des, pol yam des, and epoxies. 5 69. The sem conductor die structure
of claim®66, wherein said first sem conductor_ di.e conprises . an integrated

circuit ses_m' co_nduc?%r dpé? Se?‘G.CO“FIHétO_EéirﬁSé‘Hﬁ"H{F_CQWalm @’ﬁhte{fé‘% spd it ¢ ai m 66,
wherein said { i§$nduﬁt%%ﬁ%ﬂfb%9sr arShfe ot a&#ﬂ SRfQRdug&dgonduct or die are

each selected fromthe group consi Sting of mcroprocessors, DRAM SRAM
FLASH, ADC, FGPA, active pixel sensor, and operation anplifier. 71. The

senm conductor die structure of c]Jaim66, wherein said at | east one

adhesi ve flow cont f&l dhbs ssrtieensucton distsimetueg ohelaipy 6 vhgreinsaid fisstwi dt h of

idfirst 1 ' t N e j j f
ot m 66, whetBEOASERPUIE! A aSccchtt s MonSEAbERB MERER sl o hbHGHIEGW
confi gur et t ocaeistingofipivtogrocdsaas, DRAM, SRAMIFLASHI, AT IRGRA, adtiee pixel

sensor, and operation amplifier.

71. The semiconductor die structure of claim 66, wherein said at least one
adhesive flow control dam extends substantially across an entire width of said first

15  semiconductor die.

72. The semiconductor die structure of claim 66, wherein said at least one
adhesive flow control dam is configured to deform upon contact by a second

semiconductor die.



