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METHOD OF ASSEMBLI NG A Sl LI CON STACKED SEM CONDUCTOR
PACKAGE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 01]
-This application clains priority fromU.S. Provisional
Application No. 60/924,585 filed on May 22, 2007, the
di'scl osure of which is incorporated herein by

. ref er ence. MBABOBQ@NRSSEMBIENG ABILICON STACRED
I nvention [02] Methods consistent with the pr esent

invention relate SEW@NN}@‘E@WKﬁ g conduct or

package. Myre parti cuI arly od reI ates to a

one tine
(TS\/) iméﬁﬁﬁé"‘kE ] h SPPL : )
an mat er.i al.s for. support ins that eit er vapori ze
°1ﬁr oA 3pplisationy, [ Ring Bferitgie Srom B -BorPreyisiopal Aapeaion No.
8[ a? The rel atively newthrough silicon vias, or
60/9@%\/5, 5t BleArngMayi Ry A0P8sthet disdpswge o hpehy o @worporated herein by
vertically in a package and then creating connections
refepaicoeen the bottomof the top chip and the top of the
bott om chip. [04] Conventional TSV packages contain

i nterposers, spa@GACKUGROUNIYEF PPVENGIONST I uct ur es
bet ween the stacked dies and substirate. Reflow

prpcggﬁpgflgggltgﬁlrfor med to solidify sol der bunps
bet ween the di es and substrate. In addi ti on, often

02 s MG wef Elrsteng il BT BSTODATE' Y ST ackeo
structures. roblemvvlth multiple reflows is that

semigqndpetor @éﬁ}?@er eMospimArtplarys des Hwﬂ%%i rglpes 4@ lajepe time reflow
bunps. Another problemis that nultiple reflows

procsp Eyrdbroagh-idicomMias 4E$ Vi) inteyconmients3-D-plakkdges.~Thé mettodluses phase
~~~~~ VIIT VIl ~l~~ ~Il~ *159159*

change materials for support pins that either vaporize or cure.

2. Backgrbund and Description of the Related Art

[03] The relatively new through-silicon vias, or TSV, technique involves stacking
chips/dies vertically in a package and then creat{ng connections between the bottom of
the top chip and the top of the bottom chip.

[04] Conventional TSV packages contain interposers, spacers and/or gap control
structures between the stacked dies and substrate. Reflow processes are pl)erformed to
solidify solder bumps between the dies and substrate. In addition, often times, post-
curing is required to completely harden the interposers, spacers and/or gap ‘control

structures. One problem with multiple reflows is that it may cause reliability issues with

the solder bumps. Another problem is that multiple reflows increase the manufacturing

time.

T

*159159*

\

—_

LT

*G00002*



rrrerreeererrerererrerererrerrrrrr/ vt/ *@0002*
[05] One convention nethod is disclosed in U S. Patent
-No. 7,160,757. In this patent, you position the

i nterposer, first solder bunps and gap contro
structure on the substrate and then reflow to

[050l i didng doheerftionsthethod A& disBIOIRE iR U0S t PRe AN CONEG,P57. In this
structure. Next, you attach the die and second sol der

patiﬂg,"gﬁl Q&itﬁd?letﬂerih%ﬁgﬁ&? Fir@ W1 def bLs taﬁd?ﬂhic‘gh{réﬁ sta#ﬂ.\ere on the

| der” bunps. The ‘gap control structur revents

of £First sol unps,, during t second
subfifiet BB cedt ¥ oRbfhe PR igerbimBoe o e datep axgeture
support pins.. to stack chips on the substrate. o
Ne’ﬁtnfff”eaé@fiﬁ the dig and seeendrinldeiiumpson the interrpser gad esflopy torpolidify
sol der bunps and gap control structures to stack the
2ndcseiqgsr brmps.s dbs igepcentrql straeftiet provents the aptlepserndtfirstswolder bumps
one-tinme reflow - process, rather separate refl ows
duringdbe seednd eflosuproeessi Blosvepers te thethsdi B6ds itk @s@&sbxl @upport pins
couple flip chip onto interposer. [06] Another

to SEAURVERDY O tHEbitRfateS Mis&Ed, 08 4ed B cbnmBinaBdh UM thnterposer with
6,461,881. In this patent, spacers are provided on an

[ j [ Vi ol ..

sol F bl 48 B3 Eoftol xBTS W HER Bhe BN R 1P df ion, i
doeSPY,; eriq. reflow the spacers naintain uniform

di St ARG BBYWEEN SIS PrUEY: JACE SFREYRSTEPYS Taedifedeto couple
. . while the solder balls bond to the contact pads on
Intepposerdtqsubstrateandpg souple flimehip 6Ris|iBteanogethar dens t he

spacers. However, the method uses spacers (support
[06hi ns) Anether earkventivrpmethiod isdibelbsedtie, U.SbPdtertdds 6vsil 884 e In this

spacers to stack chip on chip. Also, it does not use a

patednespadereart @tdvaded qf ArcLsive shifisde@dd se@idoadu st Jevi@UaOmg solder
sol der ball attachment. In addition, post curing

bunfRAUTHeChatdds CATBE GhaftleYorHARBER L& SRA .erﬁuﬁx{ggl.%hggt éhr?t spacers

ot her convention nethod is disclosed in U

maigﬁﬁ Pﬁ:@(}r}n éﬂst’éﬁce b&glgg{ %Zggtg%g&'semi Iggd%cg{)r\i%eé/ﬁcet%ﬂe&hg Ssolder

cation, I nterposers are provi

or, tween the substrate and die_ The .interposer can
balif bopd o "BF ahPELRLE, vh Srapdiirar. PRRHCIR CUPESY fgrdens the
I nterposers (adhesive material), thereby coupling the
spageht Bli%ggvgoa@trﬁgthd uses spacers (support pins) to stack chip onto substrate,
but does not use spacers to stack chip on chip. Also, it does not use a one-time reflow
process. Instead reflow only causes solder ball attachment. In addition, post curing
required to completely harden the spacers.
[07] Another convention method is disclosed in U.S. Patent Publication No.
2006/0270104A1. - In this publication, interposers are provided between two dies or

between the substrate and die. The interposer can be made of an adhesive material.

Heating cures the interposers (adhesive material), thereby coupling the two dies together.



2 However, although the nmethod uses adhesive
i nterposers (support pins) to stack chip onto

-chi p/substrate, it does not have a single reflow
process for both solder ball attachnent and curing of
i nterposers. [08] Another convention nethod is

Hovivef; laih@dhi the bhethodRRELaThebIVO inteposd (NBport pins) to stack chip onto
- 2002/ 0074637A1. In this publication, flip chips are

chippduBe&E 3 ek B@laﬁavterheﬁﬁgk %fl@&/}rogelss%lr (Sgﬁlslo)/der bgll attachment
connected to one another by means of conductiVe bunps
d%gg cgpdyctive redistribution traces. Underfill
ant fare |dpeﬁ§36P0vided bet ween the chips to nﬁcgaglcally
retain the chips in place.. However, the netho oes
[08]h ot ué@o@ﬁb@f“tee‘ﬁgpﬂsrgﬁ@ogtlécﬂlsﬁlﬁéedch@ gJ-Seatané Publication No.
substrate or chip on the chip. Instead, it use
200/RBE4G37AIL. min éhib giublieativo flip lebipsharpsstacked shelc ¢hat Ithe chips are
addition, the reflow process only causes sol der bal
elecatdatiy noandctedaso Dae aupther by mediS off condseihe b@Aps bhd icdnductive
an object of the invention to provide a process to
redisteibligo triess ARkl %ﬁ@éﬁal‘i@ﬁhﬁ/imt@/%r{ &Wé@f&&@mcmy

chips in alignment with each other.. [10] SU

retaihthe LW%% [Hdweves %ﬁgjllng{h%ﬁ?%go%tqgg 1I§p§)§% \Pté%te tQ dé%Ck the chip

prese ention oveé€rcome t ove

nd .ot her di sadvant ages not, descri hed. above. Als the,
on B Sulri€lor chir o A <RE Tofok Giraudrii Grarcaie st Ships in
di sadvant ages descri bed above, and an exenpl ary
Placgnilp afthiinn, the reflew pressanenty wausesiselienrhgl] asachment, some support
any of the problens described above. [12] In an
pinsgiipustidment of the invention, a one-time reflow process
Is used to both reflow the sol der bunps and cure or
[09]vapor itz€art bigeQUIpIRS invedtionab pr@Gde b pRlcedsto@efidw Be solder bumps
aspect, there is provided a nmethod of nmanufacturing a

whiRS&epthk kGt ked chips in alignment with each other..
[10]

SUMMARY OF THE INVENTION

[11] Exemplary embodiments of the present invention overcome the above
disadvantages and other disadvantages not described above. Also, the present invention
is not required to overcome the disadvantages described above, and an exemplary
embodiment of the present invention may not overcome any of the problems described
above.

[12] In an embodiment of the invention, a one-time reflow process is used to both
reflow the solder bumps and cure or vaporize the support structures.

[13] In a first aspect, there is provided a method of manufacturing a assembling a



st acked sem conduct or package, that includes the
follow ng steps: placing a phase change material, such
-as expoxy, between a top surface of a substrate and a
bottom surface of a first sem conductor die; placing a
phase change material between a top surface of the
stacked sémig6iidue®nPackage, thatiificladds the RMWaB Slist ace of a
second sem conductor die; wherein the first and second
send C | h : [ c
o ot s e ChE AR Kb T abof (REPEHCL 1 surfuce of o
' first sem.cqnductor die.has a plurality of
Sub%:%aﬁ%l %JE: § \B/{)e}?o\fri1 5‘Ilr%aec>% tog A (ﬁ% %ﬁ emf‘i'o(r)’ml&?rsdlg’o nducti ve
protrusions, through the first sem conductor die, to
t hePlpgpe & @?ﬁﬁsscfé*aage mpiggak betweens a forBirtige ob thefizst semiconductor
~wherein the conductive vias of said first
die gedhi boftan cuidacedif @ segoadisamadongnetendiemi t h  t he
conductive protrusions of the second sem conduct or
di eyhaeid thedirstrandt feeosk semiootietonrdiel efeanplutdi®y of conductive
substrate to cause the second sem conductor die to

proR@GEGHE heBbtidik Bhifacet D @e@nected to the first
senm conductor die and the first sem conductor die to

be el ' : t.0 trate. [.14 .
D hae G SRR AR0C R S L RSP S B s 1dgtonding
change terial cures. apot her. enpodi nent, during

fron A PRy R F i OB FRiomgh el pemoBRgGr Dol thp o Sytface of

not her aspect _of the invention, the dianmeter of the

the g‘b*ﬁé%’t@@@"fﬂ‘é‘l‘%usi ons is reduced during the heating
step. [16] In one aspect of the invention, the phase
c hawagseimdheednadustivergapd metifiest s¢tieonduotoeds afe inhedignment with

di es. In another aspect, phase change nmaterials are

the péralnedveaproaudions cfdesecond saicenductos dieaagd second
sem conductor dies. [17] In another aspect of the

Ln\g%ggﬂég; Btihg: ggr?ﬁzgﬂa&%d WedsOTandl &% AEstBHOS{" AHafse Al PSecond
semiconductor die to become electrically interconnected to the first semiconductor die
and the first semiconductor die to become electrically connected to the substrate.

[14] During the heating step, in one embodiment, the phase change material cures.
In another embodiment, during heating, the phase change material evaporates.

[15] In another aspect of the invention, the diameter of the conductive protrusions
is reduced during the heating step.

[16] In one aspect of the invention, the phase change materials are placed at the
corners of the dies. In another aspect, phase change materials are placed at outer edges of

said first and second semiconductor dies.

[17] In another aspect of the invention, the semiconductor dies and substrate can be



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 18] The above

and/ or other aspects of the present invention wl|

-becone apparent and nore readily appreciated fromthe

foll owi ng description of the exenplary enbodinents,

taken in conjunction with the acconpanyi ng draw ngs,
enchpsutdtédch: [19] FIG 1-2 illustrate an enbodi ment of the

inventive nmethod. [20] FIGs. 3A and 3B illustrate

al t ernat e emhis é‘fﬁ ( 'ﬁ&ﬁfﬁlﬁgﬁ kRﬁE

DETAI LED DESCR ART IV ?v_?\llo. OF THE

NVE 21] Hereinafter, enpl ary enbodi ts of

(18] o prdSdr s AL e Aped e ghesarn uant ot become apparen
reference to the acconpanying draw ngs. [22] A novel

and; Qagrf éeagl‘lyt?ﬁpéeql%’f% nfrosn thes ToHawingt dsesiptianr ef |they exemplary
process to reflow the solder bunps while keeping the

embgrdimRres, takangs comjuadtiaprmtinthewictdmpeanyingadrawings Tihivehigan
be achieved through the use of support structures

[197 or nedIGriemilisphe3e cattdgterof &eligtentivbinfdthdds adhesi ve
enough to hold the stacked dies in place during

[205t ackiFngs. a3nchrdefd Qwstratggﬁelﬂ%%ﬁlbf)ﬁﬂﬁ@l@s &Bthtg Lﬂ.e\@gtﬁ\g@%?thod.

eventual |y cure or evaporate during or at

{HETATEEDBESER MPLA) .
Enbodi nents of the invept] wi || be describe in
connection with Figuresﬂiiiﬂkzﬁﬂist, a phase change
material 4 is placed between a top surface 6a of a
[21kubst Her@natean ¢xemplebt tesmhosliments eofs dheof prasdni r mvention will be
sem conductor die 5. A dispenser 3 can be used to
deserpsidywitthefergitase thehmngapanties dalvingdn exanpl e of a
phase change material that can be used is epoxy,
[22] ai | oresbvieDfeatifr€ oPthiy/ BVAtickLisAHAt iNGsek & eB¥y process to reflow the
tenperatures. The phase change material 4 is

solciéﬁ shiebak/nve deshrpartiRed Chi 211 ngé;%:?@gt %‘H&Séa@ﬂ%k%“ ?‘}iii]can be

e sane as that of conductrv t rusi ons
e ch terial i | aced between a to )
achfsé'g?r:((% g}ggu aﬁgef u%:ehgpgllfprpg)?[ SthdRired Forthed“f0m 5 phase change [IJnaterlal

which is adhesive enough to hold the stacked dies in place during stacking and reflow.
The phase change material may eventually cure or evaporate during or at the end of the
reflow process. The method results in better reliability and reduces manufacturing times.

[23] Embodiments of the invention will be describe in connection with Figures 1-3.
First, a phase change material 4 is placed between a top surface 6a of a substrate 6 and a
bottom surface 5b of a first semiconductor die 5. A dispenser 3 can be used to apply the
phase change material. An example of a phase change material that can be used is €poxy,
tailored to cure or vaporize during reflow temperatures. The phase change material 4 is

preferably dispensed to form a height substantially the same as that of conductive



sem conductor die 5 and a bottom surface 2b of a

second seni conductor die 2. The first and second

-sem conductor dies 5, 6 have a plurality of conductive

protrusions 10 on the bottom surfaces of the dies.

These conductive protrusions 10 can be solder balls or
protousigis.10The first sem conductor die also has a

plurality of conductive vias 9 extending fromits
24FONdUSELY 8 pPLQS ElibO Rtek -ti@gaeéag&d;v |
[ }s:erri conductﬂgr di e, gto t he %So sur acggrl éggpz%urfaﬁgsPioﬁél%e first

] or die.5. The cqondyctive vias 9 of sai

serifeSTUHAGENE solnd it oo afecs 208 4 sefesndlof e 2. The firs

[6)
0]

sem con
conducti ve Brotr Si né 9 in the second sem conductor
and §eeong sepeondpglor diek e, € BaT¢aRbRlityof graductive grogrgions d0 on the

substrate 6 are heated to cause the second
bottemnpurtaseruef dhe dies These isendivtivel pretrusionsl 19/ can be solder balls or
i nterconnected to the first sem conductor die 5 and
buntpise Therfist senteaiudtor ider alsh Rada plurbieywTRoalitive vl d ¥xtending
connected to the substrate 6. [26] In one enbodi nent,
fronf$ts SOV proki@bioRs B thiolSh NRAANENAE&RIub®r Bie &f theWp surface
process which causes the phase change material 4 to
. i 11y i ated . ' | e. :
e FAAPE iy Pl 1 2F APLAALB Rl D8F s Bl Sificgpauctor die
the .t ype of .phase  .change materials used, and woul e
s arp i} bBEal Wi ARG ERBRIR ER: Tl Ainet i Cmgaanior die 3
terjal changes into vapor state. It will also be
[25Tappr eDeEXt é‘@ seihiondpionydiss &, ¢ and dle substrateitaarehsated to sewse the
adhesi ve properties sufficient to hold the stacked
secafide setniropdienter dieir 2 ntp dicaoke ngleatmdali ef intancorinedted eto tthe first
vapori zes. |In another enbodi nent, as shown in Figure
sem3Bndiidier die dtand thesfi®Psenticénduetol Qi PloeRsMe ictltalRbSRRcted to
t he phase change naterial 4 to cure. Again, it wll
the fifsmpieci ated that suitable tenperatures for the
refl ow process would depend on the type of phase

h Al s e .d _be, the t.enmperature 6
26572008 RS ShibBuindiE ol SRih M0 HILeBRA B RARGE el i€ Peflow
It will also be reci ated that  the phase. change .
prodels Which S5 Pg ARG RhES D Asesap BBs it Py o gprpepiated

hol d the stacked dies in place during stacking of the
thatoquétgblgﬁamagﬁam%s faafthgeflow process would depend on the type of phase

change materials used, and would be the temperature at the which the phase change
material changes into vapor stéte. It will also be appreciated that the phase change
material would have adhesive properties sufficient to hold the stacked dies in place
during stacking and reflow, before it vaporizes. In another embodiment, as shown in
Figure 3B, the heating step is a reflow process which causes the phase change material 4
to cure. Again, it will be appreciated that suitable temperatures for the reflow procéss

would depend on the type of phase change materials used, and would be the temperature



[27] Al'so during the heating step involving refl ow ng
to cure the phase change material, the dianeter of
-the conductive protrusions 7 may be reduced due to the
fixed height of the phase change material. See 7b in
Figure 3B. [28] Figure 1 shows the phase change

at th@iidhedhephl @ Ehnpt ARGiafbeddifesCRRQET & WAll eﬂgbleb% appreciated that

sem conduct or di es. The phase change materi a
the BhSQ I t I 1ons _al ong.the outer

 BHER A0, R A Rl AREHLE BRipsBiel iR RoRHE the stacke
._enbodi nent he. st agked di es. and substrate can be
dlesclcr)l\})g?cé’gﬁwn?ﬁ%aﬁﬁmgé’ﬁﬁﬁégﬁl a&ﬁ@‘lﬂf{é r%fﬁ)%hom in Figure

?B. In yet another enbodi ment, the space between the
[27Fi r st Ademlenpetha beatiag stepnmvehéngs rflowing & cote thhephase change

space between two senmi conductor dies fromthe stacked
matgfiels thendipmigter wfi diey Earlduettvepprotrusibos & meapsiitedtéednddeoto the fixed

protect the conductive protrusions. [30] The above

heigle of thehagycHaafematetial. rekdda Fipirt BBt Wo seni conduct or
dies on a substrate. However, the present invention

[28];j_5. al ?%!r?@ﬂ)lshwphﬁ phQsd Blafigd Hﬁ&n{algﬁ)gﬁiglgmla%%] gg%teocromerﬁ of the

i es. exanpl e, Figures™2 and an I't1ona

-0 ¢ 1.C ugtor .die 1. [31] ile the presen .
semfiflnlieto? 8k TSI ol Hiotori) colhaoub Bab Rt ather tocarions
) mﬁ%ﬁ efﬁ%gngﬁggo exenpl ary . enbodi nents thereof, it
along 1F OBteT GRFS L I SFMGORMSOEdisS- or di nary skill in the

art that various changes in formand details may be
[29hvade {manather embodinent, the ptackeddndjes arshsubbteats parr be caeded with an

scope of the present invention as defined by the

encishlaptl heps shbainna Figuré\BBT InSyetlaAbiiEDethBodithentAtieégaod between
of assenbling a stacked sem conductor package

the €iediens¢onductoP HRCAHACthE sRbA%Ee, T aARY SpdRIREI&h Rt Y&eSRoiuctor
top surface of a substrate and a bo?ton1 surface of a

diesf bR t1Re WaQRRAGEL Ohaflib®: underfilled prior to encapsulation to protect the
conductive protrusions.’

[30] The above description refers to packages with two semiconductor dies on a
substrate.  However, the present invention is also applicable to more than two
semiconductor dies. For example, Figures 2 and 3 shown an additional third
semiconductor die 1.

[31] While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein without

departing from the spirit and scope of the present invention as defined by the following

claims.



pl aci ng a phase change material between a top surface
of said first sem conductor die and a bottom surface
-of a second sem conductor die; wherein said first and
second sem conductor dies have a plurality of
conductive protrusions on said bottom surfaces of

WBATdS&ileaiMBEDarsei n said first sem conductor die has a
plurality of conductive vias extending fromits

congduct i X e, dpdt ({M§§e‘ﬁﬁﬁr a@t&lﬁg@ sérF%orﬁdug: o ptaﬁkagF comprising:

sem conduct or di e, surface

mher said cond
saf‘%}ﬁ?*??% asgn%ﬁ%%m b&tvge@r%topﬁuﬁﬁqegqf@#sm fnd a botiom
f ﬁductlye rotrusi ons of the second sem conduct or

Sur F%? LHB! preeenycosdifs seni conduct or dies and said
substrate to cause said second sem conductor die to
beciaking p @basei changeympatatiel eoweecd &g sudfasadfksafd fist semiconductor
sem conductor die and said first sem conductor die to

die bt o bettah eotfadeodlalsycandneeidopdudtor gigj d substrate. 2.
The nethod of claim1, wherein said phase change

mat WhdréinSsaRVARP hdd Secofld rsbﬁﬂ:ohﬁ@ct&e@%é H ‘gﬁlral:l}’t o Bnductive
nmet hod of claim 1, wherein salid phase c e nayerl P

proﬁﬁgq(g‘%sddf{ga &oﬁ?s&ﬁ%{;é %afcfﬁ@s 4 The rret hod of claim

, erein the dianmeter of sai’d conductlve

protrusions Ls reduced durjng the atlng ste 5, The

net‘ﬁ% Rl ‘ZHSWI"‘C%@FE’F isHse B lé.‘/ eh awgféCEﬁ% ¥iap grtending
are placed at 8 the corners of said first and second

frorg é%c%‘ilﬂﬁ}(‘f £ Brotsieas, through ¢heriirshsrmigdndyictair diel fo tiegppisurface of
sai d phase change naterials are placed at outer edges

the §fst semhigofducer damd second semi conductor dies. 7. The
met hod of claim 11, wherein said phase change nateri al

| s velpeoeiyt said. condective vire b @hid irsd Smlcondh&@bLiR a5&{rtalignment with
heating step is a high refl ow
the conductive protrusions of the second semiconductor die; and
heating said semiconductor dies and said substrate to cause said second
semiconductor die to become electrically interconnected to said first semiconductor die
and said first semiconductor die to become electrically connected to said substrate.
2. The method of claim 1, wherein said phase change materials evaporate
during the heating step.
3. The method of claim 1, wherein said phase change materials cure during
the heating step.
4, The method of claim 3, wherein the diameter of said conductive

protrusions is reduced during the heating step.

5. The method of claim 1, wherein said phase change materials are placed at



tenperature process. 9. The nethod of claim1l, wherein
sai d conductive protrusions are solder bunps. 10. The
-met hod of claim1, further conprising encapsul ating
said first and second sem conductor dies and said
substrate. 11. The nethod of claim11, further

the camprsiofisaid firfland kedoad Samitoh@adortbesst ep, placing a
phase change naterial between a top surface of said

second SEH AOREY6F lairfl 118 wABiPs P bh AT R JeAG Felis re placed at
(f seton

third sem conductor die: erein sa

OUtéer%{Jg‘?]So| nﬁfﬁ:ltf?rgt disghas S%H‘@‘%O%@étﬁ%iﬁm conductive vias

g fromirts con Y'usi ons, t hrough t he
secopnd m cond c%or,die, to the top surface of the
secﬁnd ?@Harestﬁaﬂe dpimy eVherpigsaidphasg ehapge material is epoxy.
sem conductor die has conductive protrusions on a
bot&om Eher methwdwaf ehaimr &, iwherdin graive heatinigt ktephie a high reflow
conductive vias of the second sem conductor die;; and

températuee prodessi ng sai d heating step said third
sem conductor die becomes electrically |nterconnected
t 0 Gai d BRCABLE T AARAYC WREretH §aid%onductive protrusions are solder
bumps.
10.  The method of claim 1, further comprising encapsulating said first and
second semiconductor dies and said substrate.
11. The method of claim 1, further comprising:
prior to said heating step, placing a phase change material between a top surface
of said second semiconductor die and a bottom surface of a third semiconductor die;
wherein said second semiconductor die has a plurality of conductive vias
extending from its conductive protrusions, through the second semiconductor die, to the
top surface of the second semiconductor die;
wherein said third semiconductor die has conductive protrusions on a bottom
surface which are in alignment with the conductive vias of the second semiconductor
die;; and
wherein during said heating step said third semiconductor die becomes

electrically interconnected to said second semiconductor die.



