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METHODS AND SYSTEMS FO i ATTACH NG DDE | H STACEED- PI E
PACI CAGES FI ELD [0001] Enbodi nents of the invention
wo edoateosgeneral |y to the field of integrated cP€T/US1005/026940
devi ces and nore specifically to nmethods for stacking
die to create a stacfced-di e device. BACKGROUND [ 0002]
I f chips can be packaged nore densely on the surface
of a circuit board, the dinmensions and cost of the
modEIEHQES A EGBMCaRa P ST BB EdriimNE & Thipr BllelE
One possi bl e nmethod of maxi m zi ng packagi ng densities
i nvol ves pl aci ng chi ps &opKamgEanot her to form
t hree- di nensi onal stacks referred to as stacked-chip
FrEdgyi ces or stacked-die devices. Over the past severa
—years there has been great interest in stacking chips

ere ssi bl ch i. D- ' ingk ) .
r0oB SRR i oG E L RIRE SR RO Atdf e circui
to facilitate the wre-bonds or stacking a nunher, of .
devéfﬁﬁé@é’(‘%f‘dsﬁ?ﬁ%flﬁéﬁw Iﬁﬁth%%%fgéﬁ@c%lﬂg alﬁfP& A stagredels dgice.

techni que. Typically the | ower-nost die of the
BA@M@%&L@ device is attached to the substrate using a
di e-attach material such as a paste-based adhesi ve.

[0002]e sdfehiph endtetpackegndnene dénsely anstbe strdacatof achrcuit board, the
subsequent die in the stacked-die device one to

dinRASbAECAnd ch¥PbfaB¢ hvdtilReaR 88 tRubeBaRky8RRESIritemhsice improved.
applied as a liquid, the die is placed on the

Ong S B RSl OF UNER s icpone
anoral}%lé ?(; %o\fr%l tﬁrerelicgrrl]lertls?&Pa? gt%ct:lysrrgfengg & Elst S gcl'f(e&cﬁllf)bc?e%%%se 8% 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
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
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

adhesive layers.
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of a stacked-di e device, the process is repeated. As
the trend noves toward stacking nore die, from2 - 4
wG@r@ekad2gli e, in typical devices today, to 6 -PGI/US2005/026940
stacked die in the near future, and nore, problens
arise with the die-attach material. Repeatedly raising
[00d3]e t PIREAE W SorhOsifulafiBn £ Afss WP 5 @aME Hhs ARSI Viead :A¥E ttach
causes degradation of the previously applied adhesive
i sl tuat i h i
margg S o o) R OB GLreplePe TR Bkl Y5 Bmpie
optimal., and is Dbei repl aced by a filmdje-attac
for SoecttPlipet RS An EXATBHE 101 QI Bahbe Hppictc 4 wBisal G mty be 725
_extrenmely thin die may be desired. A typical die may
micigas REek, UEFS B3I TR apRliCasion (¢-8r varelise epmappicaiens).cndie 25
(e.g., wireless comunications), a die 25 mcrons
mictonk dkclmany be dd€isidr ddr siebrithimubd thdhimbalares it etal dbssitaficoen one
in metal density fromone side of the die to the other

side@R g fic (O e itiRer hu tHR. distocharpaISpLR & afBAE hders ik WS f a
of a paste-based adhesive as a die-attach materi al

pastQ—'BQ&ldeﬁﬁEgit@%ﬁsts%&ig%tt‘ﬁ@[{ ﬁgférigf gg%ﬁﬁti@ Qt %ﬁ%ﬁd e do%senot

contact w € paste-base esive out t

.curin o¢ . 04] . Addi tignal | ere the die
maifhin SR S 3 s Bk AH Ik PRbatye B Ghfink BT i o
usi ng a _paste-based adhesive for a die attach materi al
100041y | Additiopally. sdEsiihe gt RaRkAg54F dIMSiQns 2RRFPximaiely £aal to the
wi th a subsequent w re-bondi ng process. [0005] These
die, psinb lagrastedrascdaaiticsive i atdip @ttagg materiad inay lpaghtorbdesdont of the
process using a filmdie-attach material such as a
pastt hehioh plagshiecfelzasiitla fubsaquenhivih-Hoadinggirouessg t o gain
popul arity as the die-attach material of choice in
(0003 aC KeRese irdhieal @re&ﬁ&ié@@ﬁ&hroﬁgﬁ Osd it Lainfhatida peo @B ing a film
[

desired characteristics including good flowability and
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
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)
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

successive lamination processes to prevent previous die attach film layers from
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adhesi ve/ cohesive strength. [0006] In a typica

| am nation process using a thernoplastic filmfor the
waelt@emets2ch material, the die is | am nated to PEEUS2005/026940

substrate (or to another die) under high tenperature

and pressure. The filmhas enough adhesive strength to
deldipinghidder Giperitdcig (REQYRHefRlaBbAIXhBUIhiRGhE BBility to achieve

| am nati on process. To attach a subsequent die i'n

voi@FAehohd liflc%]@@ss s AGkedr &E?ﬁﬁf%}h&&d—&i@ 8%\;?%@? ﬁ\rﬁhgiéf)'vgr, the voids,

repeat ed. I'S nmeans that t Ie-attac

eviousl ttached die i ubj ected to the heat and
Cfa&ﬁs{se%“éiuor%@e%df@?%&espceagf%dobﬁi SRedid ST Ldligh DS 7 Proseses
4egeat d thermal processing can cause voids and stress
leads {0 gk ‘@PQHH%P%@HHPP@WWéﬁﬂEDhg del ami nati on and
warping. As a result, extrene care nust be taken
during successive | am nation processes to prevent
previous die attach filmlayers frondel am nating or
experienci ng excessive deformation. This limts the
ability to achieve void-free bond |ines across the
several dies of a stacked-die device. Mreover, the
voi ds, cracks, and other defects caused by repeated
hi gh-t enper at ur e/ hi gh- pressure processes leads to a
reduction in performance reliability. BRIEF DESCRI PTI ON
Q F THE DRAW NGS [ 0008] The invention nay be best
understood by referring to the follow ng description
and acconpanyi ng drawi ngs that are used to illustrate
enbodi nents of the invention. In the draw ngs: [009]
Figure 1 illustrates a process for creating a
stacked-di e device in accordance with one enbodi nent
of the invention; [0010] Figure 2 illustrates a
st acked-di e device in accordance with one enbodi nent
of
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the invention; [0011] Figure 3Aillustrates a
nmodul us/ tenperature graph for a typical thernoplastic

wo pdoao2@ekl [ 0012] Figure 3B illustrates a PCT/US2005/026940
nmodul us/ tenperature graph for each of three

thernDpIastlc films in accordance with one enbodi nment

(i @1@@@%9@%@@9@@' PTION [0013] In the

ETous specific details are

2 -

[00 ‘f t h ?Wgﬁ%’% ng{#ra 'b% tuﬁ&riear%g%cﬁ: g% Qe%gxiﬂklgq{) tl}%hrﬁaﬁgslwﬂﬁfrge&npnon
speC|f|c details. In othe st ances

and Gpe QR in el DR FaS o3k ied @eﬂwfta%%mh%ﬁﬁ (0! G vention. Tn
shown in detail in order not to obscure the

the dragiengst andi ng of this description. [0014] Reference
t hroughout the specification to "one enbodi nent" or

[000%In ePRled Mihistrate®apsoceksafor arepiéaid 4 stadlkad-diedtwicein accordance
structure, or characteristic described in connection

withbid b RERet iRk eitior: ncl uded in at | east one
enbodi nent of the present i nvention. Thus, the

[Oﬂﬁﬁpeﬁg%&eez ﬂiu,s rFtEs \Q/g{ai@%eﬁdzdlp idg‘gggﬁ} {c@@fglgh o fﬂil ﬁ@é e:r'ﬁi)&iment of

C|f|cat|on are not necessarily all referring to the
the § % hodi ment. Furthernore, the particul ar features,
structures, or characteristics may be caonbined in any
[00EWi t abigrerddAlystiaes grBoBHUSHERgeaHR 812RB APisa tyw@h@Frmoplastw
Mor eover, inventive aspects lie in |ess than al
filof,@ad ur es of a single disclosed enbodi nent. Thus, the
clainms followi ng the Detail ed Description are hereby
[C0EXNPr eFsduye BB GdUspales hatbdudisfreinpeatune baph €ok daels of thpdd on,
with each claimstanding on its own as a

thermoplastic films in accordance with one embodiment of the invention.
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separate enbodi nent of this invention. [0016] Figure 1
illustrates a process for creating a stacked-die
wa@leas0204281 accor dance with one enbodi nent of tPEI/US2005/026940
i nvention. Process 100, shown in Figure 1, begins at
operation 105 in which a first die-attach material is

oEPeiEEb9rsTheptisst die-attach material has a
~=processing tenperat ur

e associated with it. For

ample, i.f .the first..di e-attach e[ ' -
o0 B et elrte seife G Eb O G b AEeT Bl bl o) for fowever,
be the [ t t f - [
it iR b HOAENSF MG VS BTG P/ 20T GHE thep specfi
the first die-attach material is a thernmoplastic film
detdilae Ipotberigstanggst weipbnawy ciscuits, sthphaes 4nsl tg¢hmdgues have not been
transition tenperature (Tg) of the thernoplastic
sho¥vh it dt0i0 i/drddt ncape bbdcunthd hfderstafiding of disaldssrigttdnac hed
to a substrate using the first die-attach material.
[ooTd]e aRERFIRL oRERMERSIsPEcitiERA 18 tbicferModiment! lof Sin
dire-attach material is no higher than the tenperature
t ol e di- . Af- . .
et BT i b Ep BRI B Sk o idiPlerlic described in
sel ected.  The second. di eattach terial .has a
congingRSeITHA® EhpUTRPLinSOLeEn At BaS e AP AR of eypgsnt
. than the tenperature associated with the first
invefition athus Mhensnperiage of the Biasrs " RueARRRSHMARIT OF (@ an; s
sel ected having an associ ated processing tenperature
embiddirhent? irsverfous pbwed thrdugheut thdspecifivetiorempaotinenessarily all
associated with the first die-attach material such
refelitgd tolthe saeeabsdimgnt, Fugtherraere] thg patichlanfeaairés) giruaifires, or
the second die-attach material will not significantly
chaPR-RE& hi\PoPERN DAYl RAARS BAnhdrid bnébemdid @Rbbdiments.
material to wthin a spécified degree. That is, the
[00 £10C R n@ve?,fin e%?ivé 95 %@gl%l 1A hclll"f@!ltﬁfe's %k a‘éinlgie A0%osed
use der ﬂ%rpln , or other

s am’nation, g

embodiment. Thus, the claims following the Detailed Description are hereby expressly

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
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 glternative
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.
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defects to such an extent as to render the stacked-die
devi ce inoperable for its intended purpose. [0019] At
wop@eazi4esr 120, a second die is stacked atop, BEMUS2005/026940
attached to, the first die using the second die-attach
material. [0020] Figure 2 illustrates a stacked-die

[00T8Vi CALbPraGGPT MARERst\Wid 1} :aBeh-aTh aditeite @ind (e first die-attach
i nvention. Stacked-die device 200, shown in Figure 2,

i nGl : i AR 0 -

matp B e R RO n M oGP B R B Pl g

. .The copductive balls 220.are.for, electrically

higheg fraaby frgrrereoe gletnds o 95 it S Thifier boar o (ot
shown). A die 230a is disposed upon the upper surface._

[0018]2 oAt pREakiebbty: asecopdolic-altaghanaienial dhsoheetask i e sopend die-
di sposed between substrate 210 and die 230a and

attaclt machiebhasheprdicasii Ganpevattireesssadiaed with ixhax. is lags than the
accordance with one enbodi nent of the invention, DAl

temP@Sadas36S 0l atiddhP fiee afsitiigh hengil aAukteonddbhttadiO8 2k tal is
e 230b is stacked atop die 230a and is attached to

el 208 Al kST B, B R e
associ ated pr.oc i t.e rature, - TD, pch is |aower
emBERT Bt 6535 Bty bSEBEER bl fua AR B Hros e
curipgr RS P S DGRUOAA FEH b PepRERaTY dcgrade the
i nvention, DA3 has an associated pr oces.s.ig;l\g )
previewshe peoceysed fimbARattghh atnterial fowehintaspacifiphdegres. b |is, the
As shown in Figure 2, the stacked dies 230a - 230c are

prodeissieg bbtidaedcdnd didrettvhbsiteddl evill 1ot ende delaminetibo, wapidgeor other
with wire-bonds 231. Each of the stacked dies 230a -

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
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
(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, Tpaj.



10

15

20

25

230c may be a menory chip or a |logic processor chip.
For one enbodi nent of the invention, die 230a is a
wo o@so2@ecessor chip while dies 230b and 230cP@Er/ES2005/026940
menory chips (e.g., flash nmenory devices). Mboreover,
the nunber of dies formng the stacked-die device is

[202M ENPLRY Y300 RERCN] i85 Sic BBOS akrBY 2BAIRHILS QictA302 B8N € attach
in accordance with various alternative enbodi nents of

e H pyent i | e 2
SRk QP oS RLRS B s a
attach materials ma e a ther, lastic.film
asS A BRTPP ORI DB 1P USRI e thE The: subst r at e
and heated to a specified tenperature for the =
[002Zdni kg 230cps sleekes! atqphilie B3Pl anthis\ataehed tgdicg}30pyath die-attach
thernoplastic film That is, in order to provide a

mateddlilv3.eld awbriaticconith bheerhbddimshioefl the evestodt, Deydhas an
flexible. The Tg is the tenperature above which the

assdcl@édBRtasinisGehpdriuts To@f, tvhadidis pba@tthen Tapd bel ow
which it is hard and brittle. After raising the film

[@@%%OVGA% Rfiowdin FRGrH, #hd SadkB8 Rids2TbNab8E. LR WifChonded to the

bstrate under “pressure to prevent warping. Figure 3A

| dul us/ . :
Su"%@?é%%%%gg‘?ﬁ Ged? Hlfﬁt %S‘}/@hn%%-%ﬁ{lﬁi%%{] ?%ahcgfg? ﬁ{eﬁséetlc%gc.ﬁ @f)‘e'rs 230a —
2308 st e g Btk e et Bt embodiment of e

approxi mately 100 MPa and bel ow, and ideally closer to
inventivRadic PG+ fadpBic phaseswnchipaviild digs 230 andRBhaatermemory chips

tenperature is above the Tg and is approxi mtely 120
(e.gGadb mehtvey dedbisg nvatdoves thdramizp i dies dormibs tapuserckedide

to forma stacked-di e device. Because the sane film

devit@Vé BEHIfySAOR: didessidiesunBfcdmprdeltReevicesid Rs@aEaRE with
die, the previously applied filmis again rai sed above

varioh all@natRRRSA R dt@0Eht iRAh#AGh can degrade

[0024] In accordance with one embodiment of the invention, each of multiple die
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
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

approximately 120° C.
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the filmas discussed above and allow the die to warp.
[26] I n accordance with an enbodi nent of the

WO pwenrd4es, a thernoplastic filmis used to atPEOSH05/026940
die to a substrate (e.g., DAl of Figure 2). The
t hernopl astic filmmy be comercially avail able

[oo2xq! yaThQFro%%@Qﬁé@tx&{eh%bﬁlyﬁig BPOXLES did\ SR QAURNEd-HicQievice.
may be attached to form a stacked-die device using a

d fi ' I Q i i e

eclREOR wsha sf SR R 800, TR o BT AERAR AR B2

anot her ¢ rcially . available dig-attach materi al
PreYiGHA EPRLEH GURHS PRI Fifed ok 1T fralSFDert G IR P degrade

the invention, the second filmcan be a refornulation
the §im andisetssedippivasnd ellow tha Hatd wgtPa | ower Tg. The Tg of

a polynmer can be |l owered by introducing a plasticizer.
[0026]pl a®t accbmiance with as gRIbbdinEne ofithe inventionlectbekniaplastic film is

i ncrease the free volune of the polyner, rendering the

usedPR MBh 2l © ddulbitdte Al %! DWalof TRsRE DR Thée®ernRSPIBstic film may be
typi cal plasticizers that nay be used to | ower the Tg

congxféefrgilafﬁ g{é@ﬂge?ﬁﬁ%%&uﬁé—lbﬂgéd%%&?ﬁ% %Pé‘iﬁdi?és? %%@@%ﬁ%& may be

termnate ers and ecul ar

i.ght. epoxies.. [.27] .Figure 3B ill.ustrates.. a
auaffgdP Gt AR diF By Pe s b el i ed iR above. In
thernoplastic filns in accordance with one enbodi ment
accflanqeevitihQusnembRrlimagt of fsdRveion; thgsecond filipygay be another
nodul us/tenperature graph for the first die-attach
confrndrmalhplaviikablendie-aithdhupaterialduving aHpger €3 Komaraltcarplive es
a processing tenperature of approximately 120 Cto
emiagihexef tieindagionethe sanl f8mhaah dbwa ko rivPatiobat thealsermoplastic
Tg, Tgl, of approximately 60 C. The second die-attach

fﬂngmv%{g Aovibdg. Whealy dTRpPAENG dafbenewdrad bgmtRfdubik a fiasicizer.
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
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 DAL is that
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 DA1, 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.

Therefore, during a lamination process using DA2, though DA1 will transition to some

8
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| oner Tg, Tg2, and therefore requires a processing

tenperature of only approximately 90 C to achi eve the
waele®sozd2srodul us bel ow 100 MPa. Tg2, i s appr oxXPCEUS1095/026940

45 C. Therefore, during a |amnation process using

DA2, though DAl will transition to sonedegree, it wll

ofk o : | IRl Bic-

deetk P e BT Re R R RS T OL PO, Rl

refornulation .of DAL, has a st.i]|]l Tg T
st BREREIo o a8 e s sRuPligh oL FOUE Bt lBfbisftg, a3, and

ggpr oximately 90 C to achieve the desired nodul us .
thergferepiRquion NPACceSTHS ICPREIAHIS ONRRIRArYIgH ety 99@@%?%%@,@ the

during a | am nation process using DA3, DA2 wl |
desitadamsdulioelow 160 P al €Bg3e és, apprakiDalelyndQ°|C. t Flagvsfiord. dnring a

even less, both will remain rigid enough to reduce
lamB8abRpRbER MR DO ABRIPAD Il Ganstiel toMabisategrde0ARBPAL will

Enbodi ments of the invention describe using a first

tranSitia @%éaﬁg%&é PBhSHiliakmb Bhid afdhed dk ko ﬁ@grﬁwfohraﬁa Qa8 fg.

using di rent die-attach materials (having
GerSY SS vely | ower processing tenperatures) to
——“n—f—a-iwf\-/gg—ﬁ—%ly attach one or nore additional die to the

first die to forma. stacked-die device. For a .

(0071t or REPPIEI IR ED IR HHRE it qreyiph material o
materials enpl oyed may be used to successively attach

attaghus diefsp e subsseate andensingriiierent dighatiach materiglshaang successively
successively attached with each die-attach materi al

lowwiggroessing nempérhthred prodeativphnattanle odé er mbteaatditimmiabdie 4 the first
and its associated processing tenperature. For

die ‘@R la&tacRedliR-RVIRC Fof il Mdh@ive @nbotBhdit] sach yf thie@le-attach
Tg, may exhibit significant degradation after nore

LRAD ?I?lﬁ@)ﬁ/%% %F@/ibteiu%li @%Cée.tssiva{/ atthel ShRhpk Jﬁ@s.dﬁ%}, b of dies

(0 a one die using that particular film

thatcspg% eegst{l%gg%gi%(fﬁ]é/irar%t&%@egt\{rllglg%aecﬁ%ie%tta%fl%é@aq Vgl‘iég, %ﬁ(lf & gép%nd

upon the die-attach material and its associated processing temperature. For example, a

o

ma

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
to the film.

[0029]  An embodiment 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

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

9



filmmay be used having a relatively low Tg. It may be
possible to attach 2 or nore dies using this film as

WO eeme@eB t ransi ti oning at the | ower tenperatuPE€r/US2009026940
as detrinmental to the film [0029] An enbodi nent of
the invention has been described as a process having

opcr\ét%ﬂsq{‘ﬂ %Vél?(ﬁle%rue ésgﬁ}é dieSHfRh %%r?aﬁé 48 %ct@ﬁﬁm@& ﬁﬁ@h@@i@ angkh

escri their nost basic form but
|on e _a to or deleted fromthe process
Succﬁ%ﬁ‘ﬁ k| Bﬁ??lﬁkﬁ‘dd%ﬁw%ﬁwgebam c scope of the
i nvention in accordance w th_various e [
(008K npVaLIe BiegEBgEIOR00} DRI B SV oF A SRERHITERG: hose

Figure 1, may include additional operations in which
skillsdi oot sitwell de@gatze dot threinsertiongs aptdimiérdbiorthaembeditents

used to attach successive dies to forma stacked-die
descaibvd, @t c4drsb3sthetided vetht iedifioaent dndralbasioh edhimésspirbadd scope

in ternms of several enbodinents, those skilled in the

r g Chptiord R8sty BBk RRIddSs Iistlatifd i ad of

of ¢ abpiﬁdeg%a%%?nggfgesdegﬁcr i bed, but cg;ﬁ;m be practiced

i th modification and alteration within the spirit and
%%pe of the appended clains. The description is thus
to be regarded as illustrative instead of
limting. CLAIMS What is clained is: 1. An apparatus
conprising: a substrate; a first die-attach nmateri al
attaching a first die to the substrate, the first
di e-attach material having a first associ ated
processing tenperature; and

limi
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a second die-attach material attaching a second die to
the first die, the second dieattach material having a
W@ emoneh428soci at ed processi ng tenperature. 2. A¢EUS2005/026940
apparatus of claim1 wherein the second associ at ed
processing tenperature is |ower than the first
&l&ﬁﬁ@?c'ated processing tenperature such that subjecting
first dieattach material to the second associ ated
Gess| tenperature does not degrade the first
““mgpéiﬁFFgﬁﬂ material to within a specified degree. 3.
The apparatus of claim1l wherein the first die-attach
mat erial conprises a first thernoplastic filmand the
second die-attach material conprises a second
1. thémmpphmsisicompiising: 4. The apparatus of claim 3
wherein the first thernoplastic filmhas a first glass
tr arshdda@n tenperature and the second thernoplastic
filmhas a second glass transition tenperature that is

| O‘A’?frsttd{@&técﬂ %nftéﬁa? %ttgétﬁ%a biFR AR th RN beRAE (B EFse dicSattach

he apparatus of claim 1 Turther conprising: one or

mategxé’ai g?.' 39% %1 glrs? s%loh'ﬂ{eﬁs rﬁ&g&h g %n%&:gt&%s hﬁ/cfp |y upon the

nor e’ addi ti onal dies
attached to

di @-se%9ng dhe- ﬂtgch l&li?a\élciar?atf %ttg%%gugl ngf@fhﬁgc gl?esfirlsléﬁ?% ti}e second die-

wherein the first die-attach material conprises a
attachtreatetpll laginga sEeond aspRFitpkPOseHE tEmecaach nateri al

conprises a reformul ation of the thernoplastic film

7. The apparatus of claim6 wherein the second

di e-attach material includes a
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-
attach material to the second associated processing temperature does not degrade the first

die-attach material to within a specified degree.

3. The apparatus of claim 1 wherein the first die-attach material comprises a first
thermoplastic film and the second die-attach material comprises a second thermoplastic

film.

4. The apparatus of claim 3 wherein the first thermoplastic film has a first glass
transition temperature and the second thermoplastic film has a second glass transition

temperature that is lower than the first glass transition temperature.

5. The apparatus of claim 1 further comprising:

11
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pl asticizer added to the thernoplastic filmto effect

a reformulation of the thernoplastic film 8. The
wappanzes of claim7 wherein the plasticizer PGI/US2005/026940

sel ected fromthe group consisting of |ow nolecul ar

wei ght pol yi m des, am ne term nated rubbers and | ow

NDl,ge bt ﬁihé"@idﬂfﬂna?cﬂl@é(étﬁécea suddR€:i3APAp&t the s8don@lddl, Mhdh of the
V\,herel n the first die- attach rraterl al conprises a

iV t.ach
one bt ;tn%k a"q%%tio%al%%ggga%g@ag@c pﬁ%gggga dg?;@ dfgkélgie gfee Rk
apparatus of claiml V\herel n the first die-attach
matgffﬁ?erl al conprises a first epoxy and the second
die-attach material conprises a second epoxy.11l. The
apparatus of claimlwherein a | ogic processor device
is inplemented on the first die and a nenory device is
6. 1 milheappdreds oficlhine 1 sdeond thei fgst dibattadnmatgrialevngpeises a
coupled to the logic processor device. 12. An

therfPPRE®RS HEn GRIME sSdond dicdatbdéh Shdtéti® compfibdsirefbirRmBiibaoh the
material; a first set of one or nore dies attached to

g 1§#9ﬁ ate and to one another using the first

thmﬁlga H% material, the first die-attach materi al
having a first associ ated processing tenperature; and
a correspondi ng subsequent set of one or nore dies

attached to a _previous set of
The apparatus of claim 6 wherein the second die-attach material includes a

plasticizer added to the thermoplastic film to effect a reformulation of the thermoplastic

film.

8. The apparatus of claim 7 wherein the plasticizer is selected from the group
consisting of low molecular weight polyimides, amine terminated rubbers and low

molecular weight epoxies

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

paste-based adhesive and the second die-attach material comprises a second paste-based

adhesive.

10.  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.
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one or nore die and to one another using one or nore
subsequent die-attach materials, each subsequent
waelt@smrs2xh materi al, each subsequent di e-att aR¢iI/US2005/026940
materi al having a respective associ ated processing
tenperature such that each respective associ ated
11. Pr %€ .%g%)&ﬁgtuts SAPGIARY WiRrdiS o 1O brdcbaBr hdged il idblemented on the

associ processi ng tenperature and each previous

clive as OC|ated tr
frst SRR R Edoe F5p RREFER Tt EPRERR e ol e
mat eri al conprises_ a therrmpl astic filmhaving a first
couppd Esthe lofis ProceRiot &¥isr at ure and each of the )
subsequent die-attach materials conprises a respective
reformul ati on of the thernoplastic film each
subsequent die-attach material having a respective
12. 9! @ssaipasmsd dongprisirgper at ure. 14. The apparat us of
cl ai m 13 wherein each of the subsequent die-attach
matehb@tate;i ncl udes a pl asticizer added to the
thermoplastic filmto effect a reformulation of the

th%rﬂal?fdlga{tbé}&hgeﬂ}ﬂof each of the subsequent

ach materrals. 15. The apparatus of cIa|n114

whergin th | asticizer cte fron1 .

coRdgstiehgt o Fonrhur et TR iEbyets i Geod aGirpusing the

term nated rubbers and | ow nol ecul ar wei ght epoxi es.
firstibc-atfarh ragpatlathadirgidicpachmaterit daxing atfﬁét Eﬁﬁch%ted processing

di e-attach material conprises a first paste-based
tempethimsd; vwed and each of the subsequent die-attach

materials conprises a different respective paste-based

adhesiriésponting shbscqapiatadiume@i nidraidies hlackbe tea preious set of
| ogi ¢ processor device is inplenented on a first die

one Q)ﬁ nfdi‘@dlfe' and ko 8&E arffthe? ¥€ing 'oné b moRNEhibReJHRADIY-af8H B8tctisls,
emented on at |east one

each subsequent die-attach material, each subsequent die-attach material having a

respective associated processing temperature such that each respective associated

processing temperature is lower than the first associated processing temperature and each

previous respective associated processing temperature.

13.  The apparatus of claim 12 wherein the first die-attach material comprises a
thermoplastic film having a first glass transition temperature and each of the subsequent
die-attach materials comprises a respective reformulation of the thermoplastic film, each

subsequent die-attach material having a respective glass transition temperature.

14.  The apparatus of claim 13 wherein each of the subsequent die-attach materials
includes a plasticizer added to the thermoplastic film to effect a reformulation of the

thermoplastic film of each of the subsequent die-attach materials.
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of one or nore remaining dies of the first set of one
or nore dies and on one or nore dies of a subsequent

W@ ea060204281e or nore dies, the nenory device coRQI/ER2009026940
the | ogic processor device. 18. A nmethod conpri sing:
selecting a first die-attach material having a first
associ ated processing tenperature; attaching a first
set of one or nore dies to a substrate and to one

angt her using.the ftjrst die-attach rial. se [
15. 3" The srmrtaeoniiie it il B Plasiing S S gkedl oM thEldpd
associ ated processing tenperature, the second
consising Of &ive g @éé@ﬂ&ﬁ% PelvHBEERaTHRe FERHG! e1% AhioPhe
first associated processing tenperature such that
molsubyr ecighmgpodies.first die-attach material to the second
associ at ed processing tenperature does not degrade the
first die-attach naterial to within a specified
degree; andattaching a second set of one or nore dies

16. L0 I‘hE% Hdrh@t of8hin? 12 Whret hBHr§t dk-88acNHatRal @Bfhprises a first
ef I 18 . The

anot usi ng the second die-attach material.

thqd of .claim 1 rei [ [.e- : eeo

pos Bl oL OB Pl i AL b el Ay e

second die-attach material conprises a second
respepiEePBpr4885dad0Es NS 20. The net hod of claim 19 wherein

the first thernoplastic filmhas a first glass

transition tenperature and the second thernopl astic

filmhas a second glass transition
17.  The apparatus of claim 12 wherein a logic processor device is implemented on a

first die of the first set of one or dies and a memory device is implemented on at least one
of one or more remaining dies of the first set of one or more dies and on one or more dies
of a subsequent set of one or more dies, the memory device coupled to the logic processor

device.

18. A method comprising:

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

attaching a first set of one or more dies to a substrate and to one another using the
first die-attach material;

selecting a second die-attach material having a second associated processing
temperature, the second associated pr;)cessing temperature being lower than the first
associated processing temperature such that subjecting the first die-attach material to the
second associated processing temperature does not degrade the first die-attach material to

within a specified degree; and

14
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tenperature that is |lower than the first glass
transition tenperature. 2 1. The nethod of claim 18
WO eoobloz2& onpri si ng: attachi ng one or nore addPCT/08205/026940
sets of one or nore dies successively upon the second
set of one or nore dies, each of the one or nore

addibipnah sS8ha s&f ofURE oPinofDAies B B8 fiPe i@k A€ AR di8s and to
a previous set of one or nore dies and to one anot her

usi a.different re tive.die-attach material. 22.
On@?‘ﬂ%tﬂ%e"fsﬁbgdtfhggec&ngidrrlﬁ_%ga%\%hﬂéa\r{%fa% the first die-attach

materi al conprises a thernoplastic filmand the second

di e-attach material conprises a reformulation of the

thernmoplastic film the reformul ati on of the
19. t hétheopithed plclpim b3 bdieredp e fiow déstattachaeriening cqmprises a first
pl asticizer to the thernoplastic film 23. The nethod
therefoptisad filrd 2ndttersetand die-aphchshateridleonipsiseed scordthermoplastic
the group consisting of |ow nolecul ar wei ght
filpPol yi m des, am ne term nated rubbers and | ow nol ecul ar
wei ght epoxi es. 24. The nethod of claim 18 wherein the
first die-attach material conprises a first
past e- based adhesi ve and the second die-attach

material . c rises,a,second e- base hesi ve. 25
20. T ffirufetbae SF LT o HrERin P 4P Hhefopiets AR BLY Fing fes
material conprises a first epoxy and the second .
trangitien sgrepes puresandrthe pecepdfiersarlagicddaphag assens glass trapsition
system conprising: a first die;
temperature that is lower than the first glass transition temperature.

21.  The method of claim 18 further comprising:

attaching one or more additional sets of one or more dies successively upon the
second set of one or more dies, each of the one or more additional sets of one or more dies
being attached to a previous set of one or more dies and to one another using a different

respective die-attach material.

22.  The method of claim 18 wherein the first die-attach material comprises a
thermoplastic film and the second die-attach material comprises a reformulation of the
thermoplastic film, the reformulation of the thermoplastic film being effected by adding a

plasticizer to the thermoplastic film.

23.  The method of claim 22 wherein the plasticizer is selected from the group
consisting of low molecular weight polyimides, amine terminated rubbers and low

molecular weight epoxies.
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a logic processor device inplenmented on the first die;
one or nore additional dies; one or nore nenory
waelewsozs28 npl enent ed on each of the one or norBCT/US2005/026940

additional dies; a first die-attach material attaching
the first die to a substrate, the first die-attach
material having a first associ ated processing
tenperature; and one or nore subsequent die-attach
materi al | ; r I €.

24. o et SR P Bt e BERAE SRR ool ABBRALTY R
anot her, each bsequent dieattach material having a

pastg bapsaathosd @R At0B Si<otESE M RBPHI PSSR i pased
each respective associated processing tenperature is

adh¢stwger than the first associated processing tenperature
and each previous respective associ ated processing

25. t enpremadthisceof @7m Thehsnest thenfiodt dod-atiach 26atevied ceinpritdse first
first die-attach naterial conprises a thernoplastic

epoky huid A8 vdagd Aid-httseh nHt@Ss cbmpAsstal seroridepey.at ure and
each of the subsequent die-attach nmaterials conprises
a respective refornulation of the thernoplastic film
each subsequent die-attach material having a

26, 1 €S ec%ive | ass transition tenperature.28. The system

- of “CPRITH 2 dP&in each of the subsequent die-attach

mat eri al s conprises a refornulation of the

t herlifsiligistic filmeffected by adding a plasticizer to

the thernoplastic film 29. The system of claim28

wherlegia prévesyeir device implemiented eh éhﬁt%rdt dicom t he group

consi sting of | ow nol ecul ar wei ght polyim des, am ne

t ergtic dabREe sdditienat deed | ow

one or more memory devices implemented on each of the one or more additional
dies;

a first die-attach material attaching the first die to a substrate, the first die-attach
material having a first associated processing temperature; and

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

temperature and each previous respective associated processing temperature.

27.  The system of claim 26 wherein the first die-attach material comprises a
thermoplastic film having a first glass transition temperature and each of the subsequent
die-attach materials comprises a respective reformulation of the thermoplastic film, each

subsequent die-attach material having a respective glass transition temperature.
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nol ecul ar wei ght epoxies.. 30. The system of claim 26
wherein the first die-attach material conprises a

w0 oos2@2st ebased adhesi ve and each of the subrerjus2vns/026940
die-attach materials conprises a different respective
past e- based adhesi ve.

28.  The system of claim 27 wherein each of the subsequent die-attach materials

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

thermoplastic film.

29.  The system of claim 28 wherein the plasticizer is selected from the group
consisting of low molecular weight polyimides, amine terminated rubbers and low

molecular weight epoxies..

30.  The system of claim 26 wherein the first die-attach material comprises a first paste-

based adhesive and each of the subsequent die-attach materials comprises a different

respective paste-based adhesive.
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