WD 2006/ 020428 PCT/ US2005/ 026940 METHODS AND SYSTEMS FOR ATTACHI NG DI E H3
STACKED- DI E PACKAGES FIELD 5 [0001] Enbodi nents of the invention relate
generally to the field of integrated circuit devices and nore specifically
to methods faor. stacking die to create a stacked-di e device, BACKGROUND
[0002] If cWPFUAN2He packaged nore densely on the surf%ft%réU%f’os 20 cui t
board, the dinensions and cost of the nodul e can be reduced and system
performance i nproved. 10 One possi bl e nmethod of nmaxi m zi ng packagi ng
densities involves placing chips atop one another to formthree-di nensi onal

stacks ref er' eqinitape APk KA o, OISRkt Jrecidenies. Over the

past several years there has been great iInterest I n stacking chips where
possi bl e. Such chi p-stacking schene§ kﬁ@&@ﬂﬁ stacki ng a nunmber of decreasing
sized chips in order to facilitate ﬁhe W're- bonds or stacki ng a nunber of
SanE_SiZEdEﬁELﬁg usi ng 15 spacers or enploying a beveling techni que.
Typically wer -nost die of the stacked- die device is attached to the
substrate usinﬂ a die-attach material such as a paste-based adhesive. The

same di 8- af900dh ndirehqdimentsof the mversionrelaieigeasralbeiq s iicld pbintseratebcitquiic ked- di e
device one to another. Typically the paste-based adhesive is aegljed as a
li qui d, thdedfes and mope spseifiically tolmectisads Serrstacking die tastnatesmvadiied-digidsyice.and t he
adhesive is then cured. During 20 curing, the adhesive is raised to a
rel ativel y BHCRGREOIIEat ure. To attach a subsequent die of a stacked-die
device, the process is repeated. As the trend noves toward stacking nore
die, from 20002# stiachipdcaite packagédmbreadensbbyorcds sirdaba\of ativcfit boald, sieacked di e
in the near future,
dimensions and cost of the module can be reduced and system performance improved.
10  One possible method of maximizing packaging densities involves placing chips atop one
another to form three-dimensional stacks referred to as stacked-chip devices or stacked-die
devices. Over the past several years there has been great interest in stacking chips where
possible. Such chip-stacking schemes include stacking a number of decreasing sized chips
in order to facilitate the wire-bonds or stacking a number of same-sized chips using
15  spacers or employing a beveling technique. Typically the lower-most die of the stacked-
die device is attached to the substrate using a die-attach material such as a paste-based
adhesive. The same die-attach material is used to attach subsequent die in the stacked-die
device one to another. Typically the paste-based adhesive is applied as a liquid, the die is
placed on the substrate (or upon another die), and the adhesive is then cured. During
20  curing, the adhesive is raised to a relatively high temperature. To attach a subsequent die
of a stacked-die device, the process is repeated. As the trend moves toward stacking more
die, from 2 — 4 stacked die, in typical devices today, to 6 — 8 stacked die in the near future,
and more, problems arise with the die-attach material. Repeatedly raising the temperature

to cure each subsequent adhesive layer causes degradation of the previously applied

25 adhesive layers.



and nore, problens arise with the die-attach material. Repeatedly raising
the tenperature to cure each subsequent adhesive | ayer causes degradation
of the previously applied 25 adhesive layers. 1 WD 20061020428

PCT/ US2005/ 026940 0003] Mbreover, in sone situations, the use of a

past e- basedVAMAWERUMB a5 a3 die-attach material is not optGHEY200546040 5 pei ng
replaced by a filmdie-attach nmaterial. For exanple, for sone applications
an extremal(% thin the may be desired. A typical die may be 725 m crons

t hi ck, but [0083] a dlaresvenppsoraasifugionsethg use qfjanaptedgs fecagtaidigratiachy di e 25
5 mcrons thick may be desired. For such thin the, the inbalance in netal
density fr omtednlds neti aptimad, apd & teing replaceddyetfiardiec-atabsnatéral dFer exemplay p.  Such
war pi ng renders the use of a paste-based adhesive as a die-attach materi al
probl emat i forasmé hsplieatiqns dn dkerakde thindie mayderdesited. COtypRal diwiral b N85
past e- based adhesive throughout the curing process. [0004] Additionally,

where the gdiQoRarkRIft Rt SdRPpliANsn ARD! Wité1BR cBnhuRdAbns), @ didres 10 die,
usi ng a paste-based adhesive for a die attach material may | ead to bl eedout

of the srpaﬁﬁ&ons‘c’)ﬂgicﬁ dy¥ deliRl Tr6r &xgl’;“tﬁiﬂ di, %d-,’ l?xﬁﬁzﬂ%#%@ gn laf aRRPEOG AL OCess.

[ 0005] These pr ens are addressed through use am nati1on process

using a 11 L oflheaRts ARTMRLELL e SHSH o8, SUSIIRRE ASRLEAREY LT i of

i s begi nni hg gain “popuflar I'e-a ertal oice in
Char act or | BRRCEST BRGH Ar Uod MEGRABT PIO CRC SSHOUIE GOHREIPE st rength.
L e ek Gontact with the paste-Gaced adhesive thibughout e auring process. | O the
[0004]  Additionally, where the die package has dimensions approximately equal to the
10  die, using a paste-based adhesive for a die attach material may lead to bleedout of the
paste, which may interfere with a subsequent wire-bonding process.
[0005]  These problems are addressed through use of a lamination process using a film
die-attach material such as a thermoplastic-based film, which is beginning to gain
popularity as the die-attach material of choice in stacked chipscale packages. Such
15  material have many desired characteristics including good flowability and
adhesive/cohesive strength.
[0006] In a typical lamination process using a thermoplastic film for the die-attach
material, the die is laminated to the substrate (or to another die) under high temperature
and pressure. The film has enough adhesive strength to hold the die flat (prevent warping)
20  during the lamination process. To attach a subsequent die in order to form a stacked-die
device, the process is repeated. This means that the die-attach film of a previously
attached die is subjected to the heat and pressure of repeated laminations processes.
[0007]  The repeated thermal processing can cause voids and stress in the die attach

film causing delamination and warping. As a result, extreme care must be taken during

25  successive lamination processes to prevent previous die attach film layers from
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material, the the is lamnated to the substrate (or to another die) under
hi gh tenperature and pressure. The fil m has enough adhesive strength to
hold the die flat (prevent warping) 20 during the |amnation process. To
attach a subsequent die in order to forma stacked-die process
i's repeate ’I‘ﬁf'g 24%¥ans that the die-attach filmof a prg\?wgg@f’m%b@tt ached
the is subjected to the heat and pressure of repeated | am nations processes.
[0007] The repeated thernml. processing can cayse v0|lct5Fs d str ssﬁin t he the
attach fifSFEEALIER ABTIRERE R i P RPR g MALIs faedbilty Tedeiidfe car o
must be taken during 25 successive | am nation processes to prevent previous
di e att achVeiffiee Pagblinesprrons the soyera igs ebapsackgd sierdeyise o direnysd e voids,

del am nati ng or experiencing excessive deformation. This limts the ability
t o achi evecraghsi andfatiess dofsatd chuseé by spedied highdempeyaturgthigli-pressufe proesssesked- di e
device. Mreover, the voids, cracks, and other defects caused by repeated
high-tenpekm&unehﬁhgﬁmphq&ﬂbnnmmb0ﬂﬁbﬁmﬁ | eads to a reduction in
performance reliability. 5 3 WD 2006/ 020428 PCT/ US2005/ 026940 BRI EF
DESCRI F§1 ON OF THE DRAW NGS [ 0003] The invention may be best understood by
referring to the follow ng description and acconpanying drawi ngs that are
used to illustrate enbodi nents of the invention. In the draw ngs: 5 [0009]
Figure 1 illustrates a process for creating a stacked-die device in

accor dance



wi th one enbodi nent of the invention; [0010] Figure 2 illustrates a
st acked-di e device in accordance with one enbodi nent of the invention;
[0011] Figure 3Aillustrates a nodul us/tenperature graph for a typical
t her nopl ast | 18}fi|n1 and [0012] Figure 3B illustrates a
nodul us/ten’B@rzg(f(’ PUr aph for each of three thernopl asthT/¥§PHE2940
accordance with one enbodi nent of the invention. 4 WO 2006/ 020428

DETAI LED DESCRI PTI Q\IJ 0013] In the foll ow ng description,
nurrer ous s BRIEFDESCREFTION (5 EHE BPRAVANGS wever, it is understood that
enbodi ments of the invention may be practiced w thout these specific
det ails. | 0088her Thastvantasmayed beskursiarstaod by uéfeming$e thedollowiag desgripearhni ques
have not been 5 shown in detail in order not to obscure the understandi ng of
t hi s descr afd acoompanyiigldiwiRgs thaeare asddhe dlvghgie Embbdimsme of thedatendon.tla " one
enbodi rent' 'or "an enbodi nent” means that a particular feature, structure,
or charact gfelddwiggglescribed in connection with the enmbodi nent is included
in at |east one enbodi nent of the present invention. Thus, the appearance
of the 9hrmg] i 'Fi%l?@lﬁ[ﬁéﬂﬂw? _"ceseﬁfor'&éaﬁaga;&cléatm@?mih abddrgffatd ous
pl aces throughout the specification are not necessarily all referring to

t he sane gq@a@nggﬁgo%ggﬁttd}%crggg&ﬁo}lhe particul ar features, structures, or
nmay be conbl ned |

characteristics nany suitable nmanner in one or nore
enbodi nent 00 over, inventiv spects Jie in less than al
f eat ur es Oioogofsi nﬁ%;r%/? : sggtg%a stac cg-dlw cFev%c E’)n accordance with one embo & ent o

the invention:

g\

[0011] Figure 3A illustrates a modulus/temperature graph for a typical thermoplastic
10 film; and
[0012]  Figure 3B illustrates a modulus/temperature graph for each of three

thermoplastic films in accordance with one embodiment of the invention.



enbodi ment. Thus, the clainms following the Detail ed Description are hereby
expressly 15 incorporated into this Detailed Description, with each claim
standing on its own as a separate enbodi nent of this invention. [0016]
Figure 1 illustrates a process for creating a stacked-di e device in

accor dance WRHW'EHE enbodi nent of the invention. ProcedETHBSOMSHh in
Figure 1, begins at operation 105 in which a first die-attach nmaterial is
selected. The first die-attach material 20 has a processing tenperature
associ at edPETARLED DESCREEEMM e, if the first die-attach material is a
past e- based adhesi ve, the processing tenperature may be the curing

t enper at ur@083] t hin thafillowhinsdmcrptivasnwmeerbusrspeaific deritsdirereat fortt-dlowsver,
alternative enbodinent, if the first die-attach naterial is a thernoplastic
film the Ppisagdesioodthat enpaligatnts of ths imente ricbegpracived wathsuttthesa speeifizer at ur e
(Tg) of the thernoplastic film 5 WO 2006/ 020428 PCT/ US2005/ 026940 [0017]

At oper at | @aikl®h otfled ihdtdiceslivell ot ciehigd sthRtiResSdnB Sédhaiq@ed BdvaGot teen f i 1 st
die-attach nmaterial. The associ ated processing tenperature of the first

di e- at tachgmat er hahi s [ REurt BRnbde b 8 WeStripgbgr ance of the die
and suﬁ?tr%te.qug%éi(ﬁgggggiatiéﬁ 115? a sec%ﬁ%ngﬁe-a{ ach material is
sel ect ed. secgn i e gg? i al. _has r0cCess) t emperat ure
associ at edfﬁ\aﬁ%]h [ egﬁeaf © F’géqggéé&ﬁ%s‘ n 1(é{letio%ttoerr%leerea bg)rdl erﬁ%{lgs{))ljgi%gt ed with the
first die-attach nmaterial. A second die-attach terial.i el.ect ed havi ng
an 250! AERPIPT BTN IR P 1 Ao o AP B ERUEFBIEE T han 1 he
tenperature associated with the first die-attach material such that the
processi ngeqnaeggion withithe ergbedimentiis ingludpdyin apfeastiope mbegiment &-thg PraseRt mat eri al
will not significantly degrade the

invention. Thus, the appearance of the phrases “in one embodiment” or “in an

10 embodiment” in various places throughout the specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.
[0015] Moreover, inventive aspects lie in less than all features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly

15  incorporated into this Detailed Description, with each claim standing on its own as a
separate embodiment of this invention.

[0016]  Figure 1 illustrates a process for creating a stacked-die device in accordance
with one embodiment of the invention. Process 100, shown in Figure 1, begins at
operation 105 in which a first die-attach material is selected. The first die-attach material

20  has a processing temperature associated with it. For example, if the first die-attach
material is a paste-based adhesive, the processing temperature may be the curing
temperature of the paste-based adhesive for one embodiment. For an alternative
embodiment, if the first die-attach material is a thermoplastic film, the processing

temperature is above the glass transition temperature (Tg) of the thermoplastic film.



10 previously processed first die-attach material to within a specified
degree. That is, the processing of the second die-attach material wll not
cause del am nation, warping, or other defects to such an extent as to
render the -dj e device inoperable for its intend [ [0019]
At operati o‘ﬁb?@g},ﬁ%é‘%second die is stacked atop, and atti’%ﬂé‘%g'f"g{%%ﬁgﬁoe first
die 15 using the second die-attach material. [0020] Figure 2 illustrates a
st acked- di vice in accordance wi th one enbodi nrent of ~the i.nvention.

St acked-di@oﬂ'gvi c &t opryatanyidfma first die g Atiached 1o g sybsats uging dhecFLAIE A8 v 1 h
conductive balls 220 forned on the | ower surface 211 of the substrate 210.
The conduc®ptgialpFihe gsspoigted processingdemparaieaf|e frstdieatachgnaterial iyt rat e 210
to a notherboard 20 (not shown). A die 230a is disposed upon the upper
surface 21i#ghdr thandhsigmperaturetolerance Af thgidée andtsubdtrateat eri al DAL i s di sposed
bet ween substrate 210 and die 230a and attaches the die 230a to the
substrat e POOS] | nAnopaatitanidd, asccbnddie-agadhadatemdis efecteie Theveeohd dis; DAL has
an associ ated processing tenperature, TDAI. 6 WO 2006/ 020428

PCT/ US290541216 BARrial 122 Prodebsgn g3 PeratirSasasdiRet witR R thkit @ 18sQBarihe | s attached

to die 230a with die-attach nmaterial DA2. In accordance with one enbodi nent

of the | nvfk e RASiN1AZ wAR mARSORL Bl iRAIGLESA BBl STPEIRH HalrialA2, WhI ch
is lower than TDAI. [0022] Die 230c is stacked atop die 230b and Is attached

| over i af TOAT - | i |
eboo mont St et E ol s Aoy EhH Eeocliles bl SRRLARIT R IE. i ure

TDA3,  whi Ctrf]',mlp<§,ra{u?c\:l\l§srsoc'gietl.lgﬁ1 w-irtﬁ) '%hze' first die-attach material such that the processing (e.g.,

curing or laminating) of the second die-attach material will not significantly degrade the

10  previously processed first die-attach material to within a specified degree. That is, the
processing of the second die-attach material will not cause delamination, warping, or other
defects to such an extent as to render the stacked-die device inoperable for its intended
purpose. |
[0019] At operation 120, a second die is stacked atop, and attached to, the first die

15  using the second die-attach material.
[0020] Figure 2 illustrates a stacked-die device in accordance with one embodiment of
the invention. Stacked-die device 200, shown in Figure 2, includes a substrate 210 with
conductive balls 220 formed on the lower surface 211 of the substrate 210. The
conductive balls 220 are for electrically connecting the substrate 210 to a motherboard

20  (not shown). A die 230a is disposed upon the upper surface 212 of the substrate 210. A
die-attach material DA1 is disposed between substrate 210 and die 230a and attaches the
die 230a to the substrate 210. In accordance with one embodiment of the invention, DA1

has an associated processing temperature, Tpa;.



[0023] As shown in Figure 2, the stacked dies 230a - 230c are wire-bonded to
the substrate 210 and or one to another with wire-bonds 231. Each of the
stacked dies 230a - 230c nay be a nenory chip or a | ogic processor chip. For
one enbodi nent of the 10 invention, die 230a is a |logic processor chip while
dies 230b afg 2980242 ¢ menory chips (e.g., flash nem)rﬂDP NR05836940\br eover
the nunber of dies formng the stacked-die device is exenplary, nore or

| ess dies may conprise the device in_accordance with various alternative
enbodi ment @Oéﬂ t h&1§ 33(bris plasked ptop g 2308 and scttadisd &0 die2R0pwih dispd@fhent of
the invention, each of multiple die 15 attach materials may be a

t her nopl asmaterifliPA?2. Boavceendaicsrveth one embedifriennef the mpeitioadDAS hiahan substrate
and heated to a specified tenperature for the |am nation process, which is
above t heaskgrisiéd prioeesksing nérmgiratare] TpahJ wiiich iBhéwerithan Tgy,or der to provi de a
reliable lam nation, the film should be soft and flexible. The Tg is the

tenperat ur E)OQ@]OVGDI\QQ_T»U% i$ Sieckeh@io 2obiafid {5l aktdRhel S0 &@P2B0R RGN RIL-ARLE, and

bel ow whi c is hard and britt After raising the filmabove the 20 Tg,
the diesisphLigh bhag ﬂ@éc%&d%&e%&l o%\«!*%ﬁib%hfeny&dcﬁé m%ﬁﬁﬁ“ﬁ%th‘a? B event
war ping. Figure 3A illustrates modul us/tenperature graph for a typica

ther mopl ashlgifkd @océﬁ?g%%@am%%g%c% todlna0rfor the filmis

appr oxi mate t1ng process | s*%effected with a modul us

har of or aPRIg ToR stowt Mt 2 s 3 aiG 0n 5 230s 3 SR 0hgtio te, 0 7 and

I's 25 approxi mat e|g¥ 120C. 7 WO 2006/ 020428 PCT/ US2005/ 026940 [0025] The
probl em ar pubsate 4 Lhand o ape foyanothes with svire-tands 23 tRachphthe stacked ics 804 zvi ce.

230c may be a memory chip or a logic processor chip. For one embodiment of the

10  invention, die 230a is a logic processor chip while dies 230b and 230c are memory chips
(e.g., flash memory devices). Moreover, the number of dies forming the stacked-die
device is exemplary, more or less dies may comprise the device in accordance with
various alternative embodiments of the invention.
[0024] In accordance with one embodiment of the invention, each of multiple die

15  attach materials may be a thermoplastic film. Conventionally, the film is applied to the
substrate and heated to a specified temperature for the lamination process, which is above
the Tg of the thermoplastic film. That is, in order to provide a reliable lamination, the film
should be soft and flexible. The Tg is the temperature above which the thermoplastic film
is soft and pliable, and below which it is hard and brittle. After raising the film above the

20 Tg, the die is then laminated to the substrate under pressure to prevent warping. Figure
3A illustrates a modulus/temperature graph for a typical thermoplastic film. As shown in
Figure 3A, the Tg for the film is approximately 60° C. A typical laminating process is
effected with a modulus that is approximately 100 MPa and below, and ideally closer to O
MPa. Therefore, for such a film, the laminating temperature is above the Tg and is

25  approximately 120° C.



Because the sane film having the sanme Tg, is used to attach a subsequent
die, the previously applied filmis again raised above its Tg. Repeated
transitioni ng can degrade the film as di scussed above and al |l ow the die to
warp. 5 [002 I n accordance with an enbodi nent of the invention,

t her nopl ast‘f"gz?‘l“f"ﬁq P used to attach a die to a substrd’tcg/‘{sé"‘lj/‘n”ﬂﬂ\l of
Figure 2). The thernoplastic filmmy be comercially available

pol yam de-based nmaterials or epoxies. A subsequent die may be attached to
form a st al¥&3l di dheieteblea wriseniyhen appbirgisubsaouensigiedery padckmvieds vigs.
accordance wth one enbodi nent of the invention, the second film my be
anot her  1Beaosetbe sdinad filyn, dawing thislsemd T, iausesdah atmﬁleirs'ua-‘ﬁeqhauidiegth& | ower Tg.
For an alternative enbodinent of the invention, the second filmcan be a
ref or mul at prewioadly apytiet i iD@danblaised aiove s MgV Repeaged teansitiod@g cdh@egiagleof a

pol ynmer can be lowered by introducing a plasticizer. A plasticizer is a

smal | nol eﬁl@If@mla@hfse.sk%@amwaﬁmrmedfeh@wfaﬁﬁe vol ume of the pol ymer,
rendering the polymer nore pliant at |ower tenperatures. Sonme typical

pl asti cj Ze gozpat nf[?ccGRMn%ﬁwa rhﬁbdﬁrg fﬁm@‘?n%gu&f a%érﬂl%g bf%l?& ¢ film

I ncl ude Io rml ecul ar wei y|m am ne termnate ers and | ow
e YRR e g&ﬁ%épqegg;wf%ﬁ% Pl olawﬂinﬁﬁfa&%gpef wture
enbodi ment of the. inve As . sho . ur e, 3B, e rmd | us/ t enper at ure
graph for tefmercially a&‘?ljéj’E’L‘ftﬂob@ﬂ“‘ilq hase tPngPﬁ%ROX% |Aislu SSAPEHLEIF Y BE qure 3A
and requires a processing tenpperature of apprOX| mately 120 C to achieve the
desired nodtAc t@épw%%emdaedqmew&g agecpyd frig|as d%ﬁcng?ﬁp‘ftb")‘(?nﬁ’tel y 60 C.
The second die-attach material DA2, which may be a refornulation of DA, has
a | ower Tagcomgace witleonerpepboidiment pfsditg iinrvestion, &e@e@mdufﬂg mashpecanather e of onl y
approxi mately 90

10 commercially available die-attach material having a lower Tg. For an alternative

embodiment of the invention, the second film can be a reformulation of the thermoplastic
film having a lower Tg. The Tg of a polymer can be lowered by introducing a plasticizer.
A plasticizer is a small molecule introduced to increase the free volume of the polymer,
rendering the polymer more pliant at lower temperatures. Some typical plasticizers that

15 may be used to lower the Tg of a thermoplastic film include low molecular weight
polyimides, amine terminated rubbers and low molecular weight epoxies.
[0027]  Figure 3B illustrates a modulus/temperature graph for each of three
thermoplastic films in accordance with one embodiment of the invention. As shown in
Figure 3B, the modulus/temperature graph for the first die-attach film DA1 is that

20 illustrated in Figure 3A and requires a processing temperature of approximately 120° C to
achieve the desired modulus below 100 MPa. DA1 has a Tg, Tgl, of approximately 60°
C. The second die-attach material DA2, which may be a reformulation of DA, has a
lower Tg, Tg2, and therefore requires a processing temperature of only approximately 90°
C to achieve the desired modulus below 100 MPa. Tg2, is approximately 45° C.

25  Therefore, during a lamination process using DA2, though DA1 will transition to some
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C to achieve the desired nodul us bel ow 100 MPa. Tg2, is approximately 45 C
25 Therefore, during a |lam nation process using DA2, though DAL w ||
transition to some 8 WO 2006/ 020428 PCT/ US2005/ 026940 degree, it wll
remain rigid enoygh o reduce degradati on and warping. The third die- attach
mat eri al DA&PW%%?{”%&y be a refornul ati on of DAl, has &@SHYI0503R¢ Tg,
Tg3, and therefore requires a processing tenperature of only approxi mately
90 Cto achieve the desired nodulus bel ow 100 MPa. Tg3, is approximately 30
C. Ther ef ofegreediymiilh iprapisripigrenaugh tomedueodessadation angl \wgingDAhe lird di¢r ansi ti on
to sone degree, and DA 1 wll transition even |less, both wll remain rigid
enough t o ateadhoatetiepD Ad atvhion may de wacfpromdation@f ek Ia hadvastilelos/ef TP, and

Enbodi ments of the invention describe using a first die-attach material to
attach a diherefde feqaliédsd proteisiap enmiadge of biflp apprbxidialpo0°aC b dthiees thal s (havi ng
successively 10 lower processing tenperatures) to iteratively attach one or
more addi t §Q8d mdi@ud Be16Wa0d MIfat. @B Eis hfprbAhitely S0°%€ kAt bR, H'l?rliﬂg(‘ae- For an

alternative embodinent, each of the die-attach materials enployed may be

used 1 05 SUGGESLY BloteALLAEDANID AP HiSion HGMUIRRE, 8l 9hPYi L hat may be
successi vely attached W each die-attach materiaP varies, and will depend
upon the dje-attach material...and.it.s..associ ate rocessi n enperature. For
exanpl e, a{r%mﬂ’fl@y‘?ﬂ IF%?cﬁOthivY%r%‘Q}P Héldém?‘ég%atf’ Fef d?ﬁ‘@%%?ﬁ,g“‘iﬁg‘%gﬁm bi t
significant degradation after nore than one transition and it may therefore
be desira h only one die using that particular film
Subsequent {Pi/) in the process of creating a stacked-die device, another die-
attach fil 0g8ly bEmbediancmisaf thye igvension desgabsusinga figgt diptattagh/mpferigddesi bl e to
attach 2 or nore

attach a die to a substrate and using different die-attach materials (having successively

10  lower processing temperatures) to iteratively attach one or more additional die to the first
die to form a stacked-die device. For an alternative embodiment, each of the die-attach
materials employed may be used to successively attach multiple dies. The number of dies
that may be successively attached with each die-attach material varies, and will depend
upon the die-attach material and its associated processing temperature. For example, a

15 die-attach film having a relatively high Tg, may exhibit significant degradation after more
than one transition and it may therefore be desirable to attach only one die using that
particular film. Subsequently, in the process of creating a stacked-die device, another die-
attach film may be used having a relatively low Tg. It may be possible to attach 2 or more
dies using this film, as repeated transitioning at the lower temperature is not as detrimental

20  to the film.

[0029]  Anembodiment of the invention has been described as a process having
various operations. Such operations are exemplary and may be described in their most
basic form, but operations can be added to or deleted from the process without departing
from the basic scope of the invention in accordance with various embodiments. For

25 example, process 100, described above in reference to Figure 1, may include additional

9



dies using this film as repeated transitioning at the |ower tenperature is
not as detrinental 20 to the film [0029] An enbodi nent of the invention
has been described as a process having various operations. Such operations
are exenpl ﬁ&%n ¥ be described in their nost basic for but operations
can be added t0 or del eted fromthe process without depa??Tﬁ%Fmﬁqz t he

basi ¢ scope of the invention in accordance with various enbodi nents. For 25
exanpl e, process 100, described above in reference to Figure 1, may include
addi t i onal oPematipys MOVEFtDSUTASEsi v dieratiadinmaietisls aregletegpined and iediip aligshc h
successive die-attach materials are determ ned and used to attach

successi vesugpassive dies tsyform astagkddedie dedcadevi ce. [0030] While the invention has
been described in terns of several enbodinents, those skilled in the art

wi || recogf0io2€] t hafhikchie inmersiohihasnbéen dasztibéd mitérad df eevehs embbdidienanthesed
described, but can be practiced with nodification and alteration within the
spirit andsigsdls theQit willdreedppee ded el iaveiEon EMOt BAREd iofhé &bodimbitys to be
regarded as illustrative instead of I|imting. 10 CLAIMS What is clained
is: 1 .5 AngAPRRIAH Barf BRtabiRiel Yith rRodHiaibA atcﬁalte?aufohrvafmrﬁth%-sgﬁﬁ adscopd eri al

attaching a first die to the substrate, the first die-attac
of the appended claims. The description is thus to be regarded as illustrative instead of

limiting.
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material having a first associ ated processing tenperature; a second
die-attach material attaching a second die to the first die, the second die-
attach material having a second associated die-attach material processing;
and a third die-attach nmaterial attaching a third die to the second die, the
third die- attach material having a third associated die-attach materi al
processing tenperature, wherein the first associated die-attach materi al
processing tenperature is a first lam nating tenperatures, the second

associ ated die-attach material processing tenperature is a second

| am nating tenperature, and the third associated die-attach materi al
processing tenperature is a third lamnating tenperature, wherein the first
die-attach material, attaching the first die to the substrate, conprises a
first thegmpiMstic filmhaving a first glass transition tenperature, the
second die-attach material, attaching the second die to the first die,
conpri ses ywhat fClfhed ider nopl astic fil mhaving a second gl ass transition
tenperature that is lower than the first glass transition tenperature, and
the third die-attach material, attaching the third die to the second die,
conprises.,a third thermplastic filmhaving a third glass transition
tenperatu#e thng?ng%ﬁé MPYAREt he second glass transition tenperature, and
wherein the fiasibstta; attach material achieves a different nodulus at a
different die-attach material processing tenperature than that at the

second die att adFstdigrdiachmatgsiabettachingg fird dirdipdba substaaie thobist distattach
signifi Ca'?&altxéfica £4) ggﬁgeagsggaéﬁg%gssln%ghg&mg. tenperature. 2. The

apparatus o arm rernt seco ocl ated processing tenperature is
| ower than theakedost desatach ataediapatackiag aRecone dipan dheufimt diethe tdvand diabj ect i ng
the first atqailc%_material having a second associated die-attach material processing; and

a third die-attach material attaching a third die to the second die, the third die-
attach material having a third associated die-attach material processing temperature,

wherein the first associated die-attach material processing temperature is a first
laminating temperatures, the second associated die-attach material processing
temperature is a second laminating temperature, and the third associated die-attach
material processing temperature is a third laminating temperature,

wherein the first die-attach material, attaching the first die to the substrate,
comprises a first thermoplastic film having a first glass transition temperature, the second
die-attach material, attaching the second die to the first die, comprises a second
thermoplastic film having a second glass transition temperature that is lower than the first
glass transition temperature, and the third die-attach material, attaching the third die to
the second die, comprises a third thermoplastic film having a third glass transition
temperature that is lower than the second glass transition temperature, and

wherein the first die-attach material achieves a different modulus at a different
die-attach material processing temperature than that at the second die attach material

processing temperature and does not significantly degrade at the second laminating

temperature.

2. The apparatus of claim 1 wherein the second associated processing temperature is

lower than the first associated processing temperature such that subjecting the first die-

11



11 attach material to the second associ ated processing tenperature does not
cause voids or stress in the first die-attach material. 3. The apparatus of
claim1 further conprising: one or nore additional dies stacked successively
upon the third die, each of the one or nore additional dies attached to a
previous die using a successive die-attach material. 4. The apparatus of
claiml wherein the second die-attach material conprises a refornulation of
the first thernmoplastic film 5. The apparatus of claim4 wherein the second
die-attach material includes a plasticizer added to the first thernoplastic
filmto ebtfasbimateriabfoothesécand assocdifited pectssingttempdreturaogdeandt causd vaids &. The

appar atus of cl ai wherein the plasticizer is selected fromthe group
consi sti n§ St 'Wtﬁsﬁfﬁgr‘&e agl? Bht pol yi ni des, amine terninated rubbers and
| ow nol ecul ar wei ght epoxies. 7. The apparatus of claim| wherein the first
di e-attach material conprises a first epoxy and the second die-attach
materi al donpr TBxapparatuscd slpina dfusthergomprigingppar at us of claim |1 wherein a

| ogi ¢ processo j i -1 Rl ] i rs j: ry device
IS inplenentedg%ﬁﬁt(%gggggﬁgpgﬁg?a%ﬁgSﬁ%ﬁ%?ﬁﬂ%ébﬁgéeq%%ugggﬁa}%ﬁﬁge | ogi c
pr ocessor onkesti mere additidhed digp pascied so Hprecioas die lusing atshevesgoagieiagaohg a plural ity
of first dies, a plurality of second dies, and a plurality of third dies,

wherein t R@%5Rbrality of first dies attaches to the

4. The apparatus of claim 1 wherein the second die-attach material comprises a

reformulation of the first thermoplastic film.

5. The apparatus of claim 4 wherein the second die-attach material includes a
plasticizer added to the first thermoplastic film to effect a reformulation of the first

thermoplastic film.

6. The apparatus of claim 5 wherein the plasticizer is selected from the group
consisting of low molecular weight polyimides, amine terminated rubbers and low

molecular weight epoxies.

7. The apparatus of claim 1 wherein the first die-attach material comprises a first

epoxy and the second die-attach material comprises a second epoxy.

8. The apparatus of claim 1 wherein a logic processor device is implemented on the
first die and a memory device is implemented on the second die, the memory device

coupled to the logic processor device.

9. The apparatus of claim 1 further comprising a plurality of first dies, a plurality of
second dies, and a plurality of third dies, wherein the plurality of first dies attaches to the
substrate by the first die-attach material, the plurality of second dies attaches to the
plurality of first dies by the second die-attach material, and the plurality of third dies
attaches to the plurality of second dies by the third die-attach material.
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substrate by the first die-attach material, the plurality of second dies
attaches to the plurality of first dies by the second die-attach materi al,
and the plurality of third dies attaches to the plurality of second dies by
the third die-attach material. 12 10. A systemconprising: a first die; a

| ogi ¢ processor device inplenented on the first die; at l|least two
additional dies; at |least two nenory devices inplenented on each of the at

| east two additional dies; a first die-attach material attaching the first
die to a substrate, the first die-attach material having a first associated
di e-attach material processing tenperature; and at |east two different

subsequent, di e .arials attaching a corresponding set of the at
| east tmoﬁ%ddiéggﬁgﬁgaﬁgégpg a previous die and to one another, each

subsequent diefistdiech material having a respective associ ated die-attach
mat eri al procesE%ng tenperature such(Lha% ?ach_(espective associ at ed
processi ng t enbOBIRIPESIE deyGe imRlementehen thefird diesssoci at ed processi ng

tenperature ang |eaciddd@iioaaSdisLspective associated processing tenperature,
wherein the first associated di é-attach material processing tenperature is a

first | am natatlepst evopuemonyrdev maslingderhentasspecach vEtha st vastaweddditienadt t ach
material pRrocessing tenperature is a respective |amnating tenperature, and
wherein tW&>first die-attach material conprises a first thernoplastic film

having a a first die-attach material attaching the first die to a substrate, the first die-attach

material having a first associated die-attach material processing temperature; and

at least two different subsequent die-attach materials attaching a corresponding set
of the at least two additional dies to a previous die and to one another, each subsequent
die-attach material having a respective associated die-attach material processing
temperature such that each respective associated processing temperature is lower than the
first associated processing temperature and each previous respective associated
processing temperature,

wherein the first associated die-attach material processing temperature is a first
laminating temperature and each respective associated die-attach material processing
temperature is a respective laminating temperature, and

wherein the first die-attach material comprises a first thermoplastic film having a
first glass transition temperature, and each of the at least two subsequent die-attach
materials comprises a different thermoplastic film having a different glass transition
temperature that is lower than the first glass transition temperature and is different from
each previous respective associated processing temperature, such that the first die-attach
material achieves a different modulus at a higher die-attach material processing
temperature than each of the at least two subsequent die-attach materials and does not

significantly degrade at of the respective laminating temperatures.
11.  The system of claim 10 wherein each of the subsequent die-attach materials

comprises a reformulation of the thermoplastic film effected by adding a plasticizer to the

thermoplastic film.
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first glass transition tenperature, and each of the at |east two subsequent
die-attach materials conprises a different thernoplastic filmhaving a
different glass transition tenperature that is |lower than the first glass
transition tenperature and is different from each previous respective
associ ated processing tenperature, such that the first die-attach nmaterial
achieves a different nodulus at a higher die-attach material processing
tenperature than each of the at |east tw subsequent die-attach materials
and does not significantly degrade at of the respective |am nating
tenperatures. 11. The system of claim 10 wherein each of the subsequent

di e-attach, material s ri.ges a.refornul.ati.on of e thermoplastic film
ef fect od 1% adegeam S0pn s aieRh Bttty fin S Seified FomerrHOT 505 Crhe
syst em of cailsiiing dfllowhRsiedulartiiegllpaBimided @minctefihged acbbbrsami e group

consi sting of |ow nolecul ar wei ght polyimdes, am ne term nated rubbers and
| ow nol e®@legplaiapighttepepigsi es. 14
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