WO 2006/ 020438 PCT/ US2005/ 027103 METHODS AND APPARATUSES FOR PROVI DI NG
STACKED- DI E DEVI CES FI ELD [ 0001] Enbodi nents of the invention relate
generally to the field of integrated circuit 5 devices an d nore

speci f i camo/2006/020838h0ds and apparatuses for stacki ng t heP€TDUS20050271¢3

st acked-di e device. BACKCGROUND [0002] If chips can be packaged nore densely
on the surface of the silicon circuit board, the dinensions and cost of the
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another to formthree-dinensional stacks referred to as stacked-chip devices
or stacked-die devices. Over the past several years there has been sone

i nt erest %éit acking chips where possible. Such chip-stacking schenes

i ncl ude ing a nunber of decreasing sized chips in order to facilitate
the wire-bonds or stacking a nunber of sanme- 15 sjzed chips using spacers,
or enpl dJ00H a Bahediments el injisation ralase aeperatliciorthe fpldotipiegratd clighiier di es.
As the trend noves toward stacking nore the, from2 - 4 stacked die, in
typi 6al diteicesasd ﬁmchasp,ecifmanytorae&bé&dcﬂohp@mtuses fdretackiag dieitonreste and nor e,
probl ens arise.. [0003] For exanple, for a decreasing sized die scheneg,
event ual diyrkad-BRl didvideS reached where the size of the upper die is
ineffective. For beveled or T-cut die schenes there is a 20 limt on the
dlffereﬁmmﬂetmen the | ower and upper die in a stack (i.e.,

excessi is nore difficult to process and leads to |l ess stable
st acked- di e _devi 0004]. Mor,eover ch of ese schenes presents the
probl em p&]ncriécjw%ecpackqggg&meggnsp tg‘ a‘i?f(’félﬁlf'aﬁlgeﬂ‘ ‘gfcé‘ét i ncreases,
the yield | oss increases. The stacked-die device is not conpletely tested
until i tbaayd, thegimensionTandenshefithe moddlesiahde redsiced and systsn pedenmigcean be
conpleted on individual dies at the die |evel, pre-stacking, but such

t estliong improved. 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 some 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-
15  sized chips using spacers, or employing a beveling technique or using “T-cut” dies for the
upper dies. 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.
[0003] For example, for a decreasing sized die scheme, eventually a point is reached
where the size of the upper die is ineffective. For beveled or T-cut die schemes there is a
20  limit on the difference in size between the lower and upper die in a stack (i.e., excessive
overhang is more difficult to process and leads to less stable stacked-die devices.
[0004]  Moreover, each of these schemes presents the problem of increased yield
losses. As the number of stacked dies increases, the yield loss increases. The stacked-die
device is not completely tested until it is complete. Temperature and other tolerance

25  testing can be completed on individual dies at the die level, pre-stacking, but such testing



1 WD 2006/ 020438 PCT/ US2005/ 027103 is not indicative of overal
functionality for the stacked-die device. Especially in cases where one of
the stacked dies inplenments a | ogic processor device, testing at speed is
not reliwoi2o§e204a8 to all of the electrical connecti onsP@K/USHES/ATLMWr

devi ce being conpleted. [0005] To address the problens of stack |limtations
and yield | oss, the concept of sub 5 packagi ng of stacked di es has been

i ntroduced. In such a schenme, multiple sub-packages, each conprising a

st ackedisdiobindivativeof evegal pfundivenslityfod theestackad-digndnviceu Fispecially inteages ng, two
or nore sub-packages are stacked and electrically connected to forma

st ackedwhére oneefthestack&Daies iriplgmerts h logit paicessoe devics testing At sheed dendtce

conpri sed of stacked sub-packages in 10 accordance with the prior art.

St acked: gt ' ea]lﬂéﬂh ' ' ' ; ; ckages 105a,
105b anr ﬁ?‘%ﬁ?%ﬁ’i C maffl %gﬁﬂ;:tal a@l?gg@io??lg O%tgg %ggfgg&gb%hmeggg C%?Eéatggs 105b and

105c. P, e 5a . ncl.udes a substrat.e.110a w.th nductive balls.120
(e g, , TRERPE freneiadt it BnnR A SCRhGirdn® iy B 0T Bk 8T Bt S
substrate_110a. The conductive balls 120 are for electrically connecting
t he SubBackaging of Hacked dieshss eebireduced. {msxchashpme. muliiple subopckagesi sposed
upon the upper surface 112 of the substrate 110a. [0007] Package 105b
conpr i sexhaosipasing d-stickedidic dewideaare poodiiced 4r8Diestsd.atlpenl setoegsali testing30b.
Package 105c conprises a stacked-di e device having dies 130d - 130f stacked
one at g éMifoRlsiBpadtagsh atitacRed ak elbdiicAiyeonndci&ibto foaHR stattted-Afec, and 130d
- 130f are electrically connected to respective substrates 110a -110c or to
one anoa‘g% with wire 20 bonds 140. The wi re-bonds 140 for each sub-package
are typrca ﬁ'y covered with a nolding conpound 145 for protection prior to
stackin syb- packages. The sub-.packages are,electrically connected to
cach ot MN6E;  Hele & iR Sededuid SRR on 6t e SRl ReE Bt neen
t he sub- packages.

10  accordance with the prior art. Stacked-die device 100, shown in Figure 1 includes three

sub-packages 105a, 105b and 105c, which may be stacked-die packages such as packages
105b and 105¢. Package 105a includes a substrate 110a with conductive balls 120 (e.g.,
ball grid array (BGA)) formed on the lower surface 111 of the substrate 110a. The
conductive balls 120 are for electrically connecting the substrate 110a to a motherboard

15 (not shown). A die 130a is disposed upon the upper surface 112 of the substrate 110a.
[0007]  Package 105b comprises a stacked-die device having die 130c stacked atop die
130b. Package 105c comprises a stacked-die device having dies 130d — 130f stacked one
atop the other as shown. All of the dies, 130a, 130b and 130c, and 130d — 130f are
electrically connected to respective substrates 110a —110c or to one another with wire-

20  bonds 140. The wire-bonds 140 for each sub-package are typically covered with a
molding compound 145 for protection prior to stacking the sub-packages. The sub-
packages are electrically connected to each other with interconnections 150, which may be
copper joints between the sub-packages.

[0008] The stacked-die device 100 addresses some of the disadvantages of stack

25  limitations and yield loss, but has disadvantages as well. For example, the copper
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[ 0008] The stacked-di e device 100 addresses sone of the disadvantages of
stack 25 limtations and yield |l oss, but has di sadvantages as well. For
exanpl e, the copper 2 WD 20061020438 PCT/ US20051027103 inplants that form
t he conneWDi20@s/§20438t s bet ween sub- packages require addi tREHAES20QYREWS  That
is, the interconnections 150 between sub-packages have to be sonewhat
renmoved fromthe wire-bonds 140 so that they are not covered by the nol ding
conmpound 145. This increases the size of the stacked-die_device. Al so,

f or mi ng BNt dhgs dorm ths| carRecting dentsdistween subPRekAgES Fayle ddditiopdd space.
drilling), which increase the cost and practically Iimt the configuration
of each Thatikabhe intercanrectionkal X betsigen suhgaskages hiiegorbe someivbhatrenopediown vi ew
of a sub-package for the stacked-die device 100 descri bed above in reference

to Fi guf@mlthe wife-BdtAeMN 40 Bo il thies drénotlddeere@pp elie inﬁlﬂiﬁgl&&n%&&dqagd Thiy connect
sub- packages have a carrier 155. The carrier is beyond the area on the

substr at LR Whi i - 14 iyen size,
di'e 1308TeRe kSizk ot i icBa aiick g SORKp R B B mylals AT B

| arge en h to acco date. th arrjer 155. BRI EF DE Pl OF THE

DRAVS NS T8 PrHSes R Ent BIF By LGRSt T GEM S Sy TR 1 0 ¢ he
followi ng description and acconpanying drawings that are used to illustrate
enbodi meapdgusatianef saely parkiaga to 3 sfanderd shape gndisizagEigurobA dg a tpglaven view
illustrates a stacked-di e device conprised of stacked sub-packages in

accor dant e sub-pickiape fqrrthostacked:di¢ G&ddd 100 dpscgbeliAbose in tefigentevio Figuesvl of a

sub- package for a stacked-die device in accordance with the prior art; 20

[0012] FAG#bEn3n Fléu&@i)&?tthg%of)]?éi’ iﬁgﬁn&i 130 péePWcdhed sﬁHBﬁéKa%E_@ha{v@ra a
sub- package in accordance with one enbodi nent of the invention;

carrier 155. The carrier is beyond the area on the substrate 110a in which wire-bonds 140
10  may be placed. For a given size, die 130a, the substrate 110a and hence the sub-package
105a need to be large enough to accommodate the carrier 155.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention may be best understood by referring to the following description
and accompanying drawings that are used to illustrate embodiments of the invention. In
15  the drawings:
[0010]  Figure 1 illustrates a stacked-die device comprised of stacked sub-packages in
accordance with the prior art;
[0011]  Figure 1A is a top-down view of a sub-package for a stacked-die device in
accordance with the prior art;
20 [0012]  Figure 2 illustrates top and side views of a substrate for a sub-package in
accordance with one embodiment of the invention;
[0013]  Figures 3A — 3D illustrate a process for producing a sub-package in accordance

with one embodiment of the invention;
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[0013] Figures 3A - 3D illustrate a process for producing a sub-package in
accordance wth one enbodi nent of the invention; 3 W 2006/ 020438

PCT/ US2005/ 027103 [0014] Figure 4 illustrates a process for encapsul ating

t he di es wb 2006z20#3package while |eaving an upper portldWTé‘FSZPWé”ZE B- package
I nt erconnections exposed in accordance with one enbodi nent of the
invention; and [0015] Figure 5 illustrates a stacked-die device conprised of
stacked sub- packages in 5 accordance w th gne enpodi nen of the |, ventlon "
DETAI LEIOOBESCRIFEnrod iletets 2 pioesse farsnranitiagng dischesnli aoiP-pigkagcoust %pem fic
details are set forth. However, it is understood that enbodi ments of the

i nvent i leavinpyn bppgr mmdmddhmﬁub%pwkagmmtﬂrccsmedidns expoketlan hecordance withr

i nstances, well-known circuits, structures and techni ques have not been 10

shown i ghdghmidimbst Bikieinvefion: an@bscure the understandi ng of this
description. [0017] Reference throughout the specification to "one

enbodi P’Eﬂ?}%ﬁ]{ 0L Fi escr&%‘t @tﬁck@ﬁ%fl?dévﬂ%tco p%%é(% hf’ét& ed gﬁ'@n%ﬁél&gessﬁirum ur e,

or cha connection wt I's 1 ncl uded
in at | east  one epbodi ) f tﬁ present invention. Thus, the appearance
of the pifPElaace Wi OBﬁEg’gﬂ“ﬁr‘H?ﬁnﬁﬁ g‘e“&‘fen WP an 15 enbodi ment! 'in various

pl aces throughout t he speC| fication are not necessarily all referring to

t he sanDEIAJMEDORSCRIFYMEMNore, the particul ar features, structures, or
characteristics nmay be conbl ned in any suitable manner in one or nore
embodi npotls]  [10HSfoliMMigodesstription anineroRs 8ot dethilscare setifosk. Hoaeverl |
features of a single disclosed enbodinent. Thus, the clains follow ng the

Det ai | e ; Pﬁ‘ﬁfé&ét&?]d 185 SHiodHRERRYE BRENhGSBioN nt YePrasiRed Hiddut the dphtisic Det ai | ed

Description each claimstanding on its own as a separate enbodi nent
of “thi Sde:t s rﬁttllo(t)txer instances, well-known circuits, structures and techniques have not been

10  shown in detail in order not to obscure the understanding of this description.
[0017]  Reference throughout the specification to “one embodiment™ or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at Ieast one embodiment of the present
invention. Thus, the appearance of the phrases “in one embodiment” or *in an

15 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.
[0018] Moreover, inventive aspects lie in less than all features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly

20  incorporated into this Detailed Description, with each claim standing on its own as a
separate embodiment of this invention.
[0019]  Figure 2 illustrates top and side views of a substrate for a sub-package in
accordance with one embodiment of the invention. The substrate 210 has interconnections
240 and sub-package interconnections 250 that may be, for example, conductive metal

25  balls, that can be used to electrically connect one sub-package to another sub-package
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[0019] Figure 2 illustrates top and side views of a substrate for a

sub- package in accordance with one enbodi nent of the invention. The
substrate 210 has interconnections 240 and sub-package i i,ons 250
t hat may b0 308 m@%gnple, conductive netal 25 balls, that '§ﬁ§@§9&ﬁgg to

el ectrically connect one sub-package to another sub-package 4 WO

2006/ 020438 PCT/ US2005/ 027103 above it in a stacked sub-package

oA typi R Eyr B AR s HRFREE, R AARAT Thi AP peilee OB B0 1 © 1 1°

BGA typical I'y enpl oyed on or surface nount

G- packBigs b SRR Eb ARaLE SO RRC R RRREAT e PREOPOHS AT APEhER) of 1 he

substrate. The sub-package 5 interconnections 250 are discrete and therefore
Wi r e- bonuionwt nAgkaging.abcasapidprdeatitih erg embediment aldba invartion, theywbkpaglage
i nt erconnections 250. For one enbodi nent, prior to formng the sub-package

i nt er coningsttomesticisGiré fudtned/ioh theptop sidbe(didwide) of d@recsubsteaté.i The bet-pakage ub-
packages, wi re-bonds can be forned all the way up to where the sub-package

I nt er§9”ﬁ§&&&9fé§tic‘ms' 35008 Bs@ERAnd hGeRpDWRRHORGR: (Bl BE GAMMGAIshaReaR! ©

electrically 10 connected to the die 230 through™i nterconnections 240. The

ol cotr oyt SRgecRef it Ensat HOEPht BB R gt R B 3

illustrate a process for produc sub- package in accordance wth one

ing a [
embodi meHe sgb- P@@%@Pﬁ?lmﬁzﬁﬁ@@hwﬂwfpwﬁﬁﬁ@ igreanpseiqneiwesrpsips g 15
conventional substrate having features for die attach and w re-bondi ng, or
flip chi padkagesciwire-biinds bat beofmrmed Ak e Bdylupfo whdrs theatub-Bitkageas conducti ve
metal balls 320 as described above in reference to Figure 1. The substrate

310 has gibrchHaikaan Will ey faRae dhe eES-padilge REdBheefons Be ERPtrRMNy ace 312. The
sub- package i nterconnections 350 are attached to netal pads (not shown)

for nﬁfl n@@ﬂne&tlgﬁ t& ﬁ{ei cﬁg' 55¢ th%ug%lmt%{'croﬁhgct%w 24d. h’?héb&foqﬁ%@%? the substrate

may have a conventional BGA or metal lands for electrically connecting to the sub-
package below.
[0020]  Figures 3A ~ 3D illustrate a process for producing a sub-package in accordance
with one embodiment of the invention. As shown in Figure 3A, substrate 310 is a

15  conventional substrate having features for die attach and wire-bonding, or flip chip attach.
The bottom surface 311 of substrate 310 has conductive metal balls 320 as described
above in reference to Figure 1. The substrate 310 has sub-package interconnections 350
formed on the top surface 312. The sub-package interconnections 350 are attached to
metal pads (not shown) formed near the periphery of substrate 310. The sub-package

20  interconnections 350, which may be conductive metal balls, may be formed of solder,
which may be a lead/tin alloy. In alternative embodiments, the sub-package
interconnections 350 may be made of copper or other suitable conductive metals. For
such embodiments, the sub-package interconnections 350 may be attached using a process

similar to a conventional BGA ball attach method.



20 interconnections 350, which may be conductive netal balls, nay be forned
of solder, which may be a lead/tin alloy. In alternative enbodi nents, the
sub- package interconnections 350 nay be nade of copper or other suitable
conduct i vevoed@e204350or such enbodi ments, the sub-packag@GIVHRMSPIHEEt i ons
350 may be attached using a process simlar to a conventional BGA ball
attach nethod. 5 WD 2006/ 020438 PCT/ US2005/ 027103 [0021] For one enbodi nent
of the invention, follow ng the formation of the sub- package

i nt er conk®881} ondossne embodigentbef the ifvgation follayping e @H@Q@@Iaﬂgthsi@,' i nt egrat ed
circuit chips (dies) are attached to the substrate 310. In accordance with
one enboplickegd intsdéorinbetions\350tonake toplserfaiecd 2nufythé syiistraterdlOyimtdgeatsd t ypes of
menory devices or logic 5 processor devices. The dies, which may be one die

or mul ti gl&itdngs thfés)aatﬁtaﬁﬁ&f’eﬁ“t@&ﬁ substttd YL, Al RPord@h il 851&HbE BmbfE

substrate 310 and to one another using conventional die attach nmethods and

mat eri al S; .. As wn i n . Fi 3 i i ttach Q_ t .0p surface
312 of 5o TRBRdR ol b Ay Tl Foribul BuneS of s ARolF BetiBos ekl S e
330a._ Each of the dies may be electrically connected to the substrate and
to ont aPrOLeREPT drviges: The dissywhich sy beee i I(llél.t@.le,&mnea Haketede or f1ip
chip attachnent). The sub-package interconnections 350 extend above the top
surface Gidigustipneataitacieditahesubsteate 3 Heandi to onstancther {00 jnvAstiaabdie i n
Figure 3C, the attached die or die-stack is then encapsulated to protect

the di esattirtl nRaBeds At eRhtiidle€SAS Shdvn inFif@e 3B) die) 330afis atbachedd the tdpeavi ng an
upper 15 portion 351 of the sub-package interconnections 350 exposed. The

encapsul gi: c?é&@?ﬁ%\ﬁ@%ﬁ&b%d WRPIob 34 EthA&R afde? alld Q&zﬁ‘crgg%'f@l@ié padiEgcpt ack,

but not as sub- package i nterconnections or one enbodi nment
of the inyvention, the.encapsul ant 345 |s thermpsetting nmaterial such as
epoxy or ot;tgxpmrmqyel%q ﬂe‘aﬂfzﬁﬁ’ ??396%%@&*1?1 S%FF@@?H% nc another Using f

10  conventional methods (e.g., wire-bonding or flip chip attachment). The sub-package

interconnections 350 extend above the top surface 312, a greater distance than the die
stack.
[0022] As shown in Figure 3C, the attached die or die-stack is then encapsulated to
protect the dies and associated wires (e.g., wire-bonds), if any, while leaving an upper
15  portion 351 of the sub-package interconnections 350 exposed. The encapsulant extends
above the upper surface 312 higher than the die stack, but not as high as the sub-package
interconnections 350. For one embodiment of the invention, the encapsulant 345 is a
thermosetting material such as epoxy or polymer resin which may contain various
amounts (e.g., from 0 — 80% by weight) of silica or other inorganic particles to modify the
20  CTE, modulus, or viscosity. For one embodiment of the invention, such thermosetting
material may contain fluxes to provide fluxing capabilities during a subsequent reflow
process. For one embodiment of the invention, the encapsulation of the die-stack, as
shown in Figure 3C, is effected through a stencil printing process described in greater

detail below.



anounts (e.g., fromO - 80% by weight) of silica or other inorganic
particles to nodify the 20 CTE, nodulus, or viscosity. For one enbodi nent of
the invention, such thernosetting material may contain fluxes to provide

fl uxi ng capet@obd/i20e8 during a subsequent refl ow process.PAAVS20080281980di nent
of the invention, the encapsul ation of the die-stack, as shown in Figure
3C, is effected through a stencil printing process described in greater
detail below. 6 WO 2006/ 020438 PCT/ US2005/ 027103 [0023] As shown in Figure
3D, the #A3HpsuAsshorsnin FignredDothp gacapsilanicaiddimey endompgssciha gatire sub-

i nt erconnections 350. The sub-package interconnections 350 may remain

encapsul pickgbeihefconhésions B50aTkagb-pkhfcintepgoniesions 350 paskegrinf a st acked
sub- package device. \Were the sub-package interconnections will be used to

elect I | caldieufRNhre tlEard-5diRa RO KRASD h&samtagbg%?%én&@&t 2ARABRIGA L TN 2

stacked sub-package config ) upper package

i nt erconnect i 350 can be exposed through.kno t hods,_such gri ndi ng
or | aser®dis Wﬁu ?atﬁ‘o%‘%zﬁacgfﬁ?-‘g‘%e%&ﬁ%&f’ﬁg'@ Pg\ghotg réietcgé%@éf cg%eﬁ?ﬁlﬁot her
sub- package nmay not include conductive netal balls such as a BGA, but may

i ncl Jde sulrieckaagdo anatheiosubepaskags ahgve i in 2 otackas sibrpaskegespaligwatipe@nect i ons
of the sub-package on which they are stacked. ENCAPSULATI ON (0025) For one
enbodi mewmgpeoportibe of theesabipankagelintermoamasiohadIbeandie dxtpesat theough kaownb- package
is effected using a stencil-printing process. The hei ght coverage of the

encapsul gethol$sueRA %ﬂhhﬁg dpYasePdsillihgi Ng the stencil-printing process and
materi al selection I5 for inproved processability, encapsul ation

performa ang. {.r e | R QL [ a
per | O %) 2 bIGLEIEHIANIABL BLARRS) LR RISt R 2
POrt T O G ndhifve metal bails 3ch ad'a RO bt may HeTude ABSE pads 331 oresponding to

10  the sub-package interconnections of the sub-package on which they are stacked.

ENCAPSULATION

[0025] For one embodiment of the invention, the encapsulation of the dies of a sub-
package is effected using a stencil-printing process. The height coverage of the
encapsulant is controlled by optimizing the stencil-printing process and material seléction
15  for improved processability, encapsulation performance, and thermomechanical
properties. Figure 4 illustrates a process for encapsulating the dies of a sub-package
while leaving an upper portion of the sub-package interconnections exposed in accordance
with one embodiment of the invention. Process 400, shown in Figure 4, begins at
operation 405 in which a stencil is provided and placed over the substrate. The stencil,
20  which may be a thin nickel plate, is patterned to cover some upper portion of each of the
sub-package interconnections.
[0026] At operation 410, a stencil-printable éncapsulant is provided. Typical
encapsulants are not stencil printable, but can be made so by decreasing their viscosity, for

example by the addition of solvents to the encapsulation material.



st

wi th one enbodi nent of the invention. Process 400, shown in Figure 4, begins
at operation 405 in which a stencil is provided and pl aced over the
substrate. The stencil, 20 which may be a thin nickel pl | rned to
cover sondVQ96i02048%ti on of each of the sub-package intgﬁigﬁh@%@?%ﬁg.

[ 0026] At operation 410, a stencil-printable encapsulant is provided.

Typi cal encapsulants are not stencil printable, but can be nmade so by

dect 2o el MhaSaRIG Wl R AREIAN LRt cRbUERL R © 11

operation, 41 the stencil-printable encapsul ant i.s applied.to, encapsul ate
the diediesT e&WBHWtOch}’PC@? kﬁ%lﬂ"’&ﬁ?"ﬁ%‘l %Sﬁ%i?%a’reéée'gwﬁﬁ"stt Dapdes (e.g.,

di e-stack) and associated wires are conpletely encapsul ated whil e an upper
portion @bsogiatdd witestdre cempletqhp chcapeulatnd while andpperavstionsof esch ofshgssbd. The

| ower portion of the sub-package 5 interconnections is also encapsulated. In

practi ce pasiige iftércomeectoseiR el siiosed Y Thiclonen pation of ehelfapgiackapet i ons of the
sub- package i nterconnections, but the | owviscosity encapsulant helps to

reducg t riﬁtefé@ﬂ%ﬁ%}igg{ ig akbﬁgngﬁ%gf)a@é& ARprackifO28hme A t%pﬁfcgé%lgér}lt ﬁtgagwehﬁﬁ on

Substrate 1s s evated tenperature in renove
solvents (i.e., evaporate sonme or all of the solvents added in operation
220) 10 s pSABE AT sEbaroitie Hsrolnet Bns BiiBE I epae GedBB Bt eq <o
a tenperature of approximately 100 C for approximately 2 hours. The

t enper at belsixepduesibeagrount efsugh eneapsyaitat i on process may be nodifi ed,
dependi ng upon the anobunt of solvents to be evaporated. The solvents, which
ai d in tH{e028]encit operatidr 420, plieosubsisate &rsabjeeted e dn alevated tempesatpresiniobdes pri or
to reflow to reduce voids that may formduring curing/reflowif the 15

sol vent s gi&niRisoRERVEE,, evidpRrdi€ Sa@br Af oftthe sS10tME Bdded iR Gpeates 416)e _
viscosity of the applied encapsulant. For one enbodi nent "of the invention,

afte r10b alﬂo@ Yne Eﬁﬁoﬁﬂféﬁpé%g lﬂ]ivention, the substrate is subjected to a temperature of

approximately 100° C for approximately 2 hours. The temperature and time for such an
evaporation process may be modified, depending upon the amount of solvents to be
evaporated. The solvents, which aid in the stencil printing process, are removed as much
as possible prior to reflow to reduce voids that may form during curing/reflow if the
15  solvents are not removed. The removal of the solvents increases the viscosity of the
applied encapsulant. For one embodiment of the invention, after baking, the encapsulant
is cured (cross linked) during a subsequent reflow process described more fully below.
For one embodiment of the invention, such curing is effected concurrently with the solder
reflow. For one embodiment of the invention, the curing kinetics of the encapsulant is
20  specifically tailored so as to reduce interference with joint formation.
REFLOW
{0029] Two or more sub-packages are interconnected to form a stacked sub-package
device in accordance with one embodiment of the invention. A sub-package is stacked
atop another such that land pads or conductive metal balls on the bottom side of the top

25  most sub-package correspond to the exposed sub-package interconnections of the next
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is cured (cross |linked) during a subsequent reflow process described nore
fully below. For one enbodi nent of the invention, such curing is effected
concurrently with the solder reflow For one enbodi nent of the invention,
t he curi ngwio zed/i2osssof t he encapsul ant is 20 specifical |l ypadBUSDOS6783 as to
reduce interference with joint formation. REFLOW[0029] Two or nore

sub- packages are interconnected to forma stacked sub-package device in
accordance with one enbodi ment of the invention. A sub-package is stacked
at op andowersubtmhkagedn theastatkp sdeflow pronekscon otkerrrenwdntionhl sirfape troentbot t om
side of the top 25 nost sub-package correspond to the exposed sub-package

i nt er conygski, Withe bifblted fvtbate Bn WRrRORGIARR B3%eBICTHUSBAABK A2 1 Bdring Over

sub- package in the stack. A reflow process, or other conventional surface
nmount ' '&'Et':ﬂf %?ﬂantt ' BeC] ween t he
sub- pac&é:g(g‘gstﬁw@%% réﬁ éor\g:vﬁfJ e \(i/)sl (géccg%% dy&%ftlo? %egfng%%apsu@%a%‘lﬁé decr eased
due to the increaged_tenperature There_ is a wetting forc et ween the | and
pads of 'ﬂﬁ‘éeﬁﬁﬁ@qﬁlgg,gzrﬁg&{yg@@ﬁ&aqdr@dg%t@@g épal%h?%ﬁr @89 ons of the
| oner sub- package, so that anélmresidual encapsul ant material on the surface
of the wbﬁmamag@nnm@ns:ghm werrsgbipackagecsscthat any resifealienepnsulepler

formati on of interconnections between the sub-packages. [00301 Figure 5

i 11 ustrahgeria ontthe kiathcdiof titambgrckarihtetRenationt Rdvrdd Dul)-aflawkagaepdrn
accordance wth one enbodi nent of the invention. Stacked-die device 500,

shoun | TohBldptfifeRohficckidleBeibREFheSUbpaaEHBges 9053, S05b and 505¢, which

may be stac e sub- packages created 1 n-accordance with an enbodi nent of

the inv L ON. b- age, 505 i hcl ugdes a subst 10a with conductive
par 1 5 5300, PSS A HE LT oyt fiediRe SfbRR Fackt GtbActalBaf ot oc
wi th encapsul ant 545a. The_upper dﬁorti on 55l a of sub- packaqge .
i nt er corAseendpRsicsVitls oBe eRoditasRi-af dhe HyeRtintm Hackedrdie doreredd: hOWR i | and pads
521b

10  Figure 5 includes three sub-packages 505a, 505b and 505¢, which may be stacked-die sub-

packages created in accordance with an embodiment of the invention. Sub-package 505a
includes a substrate 510a with conductive balls 520. Sub-package 505a has dies 530a and
530D that are encapsulated with encapsulant 545a. The upper portion 551a of sub-package
interconnections 550a are exposed and form an interconnection with land pads 521b

15  formed on the bottom surface of sub-package 505b. Sub-package 505b has dies 530c and
530d attached to substrate 510b that are encapsulated with encapsulant 545b. The upper
portion 551b of sub-package interconnections 550b are exposed and form an
interconnection with land pads 521c formed on the bottom surface of sub-package 505c.
Sub-package 505c has dies 530e and 530f attached to substrate 510c that are encapsulated

20  with encapsulant 545c. The entire sub-package interconnections 550c are encapsulated as
well. The stacked-die device 500 is exemplary as are each of the stacked sub-packages of
stacked-die device 500. The stacked-die device may have any reasonable number of
stacked suB—packages and each sub-package may have one die or any number of stacked
die.

25



15 formed on the bottom surface of sub-package 505b. Sub-package 505b has

di es 530c and 530d attached to substrate 510b that are encapsulated with
encapsul ant 545b. The upper portion 551b of sub-package interconnections
550b are ewwmesorass form an interconnection with | and pﬁﬁf/ﬁ%ﬁ%f@ med on
the bottom surface of sub-package 505c. Sub-package 505c has dies Oe and
530f attached to substrate 510c that are encapsul ated 20 wth encapsul ant
545c. The entire sub-package interconnections 550c are encapsul ated as

wel |, TheENERAEMATTERY I ce 500 is exenplary as are each of the stacked
sub- packages of stacked-di e device 500. The stacked-di e device may have any

reasona umrb : : : have one
B L R R VS A g AT

GENERAL NATTERS. [ 0031], Enbodi nents ,of the invention Qvi de hods and
appar at Lﬁsﬁg&leg ﬁ“{)‘%&'&‘i?]cqaﬁﬂlg aa“é&ﬁ‘i ﬁ'él?ipﬁcfﬁcég%l ORIy RO, ﬁfgarg ugf%@g “h- package
configuration. Various enbodinents @of the invention have been descri bed

i ncl udi nef tBpEweRtien havg baendessribest ineludingsperfie featyes aF Praessses- diffodi ment s of
the invention, the features or processes nay be nodified. For exanple, the
sub- pac kaenative embodineents cfitbe inykhthm ¢ie fgetaessair ipyocdeses malydd medifiehdbBat | ve
netal balls, may be any suitable nmaterial or shape in accordance with

al t er nat dyagpl M%gﬂ%gk&&ﬁw%&%@&ibﬁﬁ'}d'ltﬂﬂu%]l{ Q&%ﬂll{%s&iﬂéﬁ% eBfducie t he

i nvention has been described as a process having 10 various operations. Such
operatio e | | ' | : -pasic form but
oper at i Oﬁgtagéaglsbéﬁggggéygtg&g}en;géﬁegl?l e‘%%?‘ gé)émﬂlfa(hé%&g?%%g’ls’@} ﬁge?fl% I fied,

wi t hout depayting fromthe basic scope of the invention in accordance with
vari ous €mbodiments of the invention.

[0032] Anembodiment of the invention has been described as a process having

10  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, or modified,
without departing from the basic scope of the invention in accordance with various
embodiments. For example, in process 400, described above in reference to Figure 4, the
operation of covering the sub-package interconnections may be omitted. For such a

15  process, the upper portion of the sub-package interconnections may be exposed by
dragging a squeegee across the surface of the applied encapsulant to expose the sub-
package interconnections. For such an embodiment, the limited encapsulant material
remaining on the surface of the sub-package interconnections will flow down off of the
surface during reflow due to the increased viscosity of the encapsulant and the wetting

20  between the sub-package interconnections and the corresponding land pads of the
connecting sub-package. Thus, any residual encapsulant does not interfere with proper
interconnection formation.
[0033] In accordance with one embodiment of the invention, a no-flow underfill

material may be applied prior to reflow for better connection formation and thermal

10



enbodi nents. For exanple, in process 400, described above in reference to
Figure 4, the operation of covering the sub-package interconnections my be
omtted. Fo process, the upper portion of the -
interconnec??gﬁggﬁgﬁﬁ%e exposed by dragging a squeegee aiﬂ%gggﬁﬁggﬁupface
of the applied encapsul ant to expose the sub- package interconnections. For
such an enbodi nent, the limted encapsulant material remining on the

sur f ace ofnetgyalissifiatipac kagrealterbainecemiedinen of tie ihvédtion, thowndefill métetifie
surface during reflow due to the increased viscosity of the encapsul ant and

the V\Bttirﬁ_ﬁlyQ@aﬁﬁfé&@ﬁ@r&@@uﬁﬁbclﬁgmbbéﬁ@dxﬁl@éteﬁﬁti ons and the _
correspondi ng l'and pads of the connecting sub-package. Thus, any resi dual

encapsul oes i j - L : t
0033 1 Ou3or G YRle hPieb b nilt fcin BEARBE] o @Il GOUIE! LB, L%
underfill . mat.eri al be appl.ied prior, to reflaw.for bettey connection
For mat 1 orPS 16 e kRl T8O DU SO SHOBEIIcD £54)16 SR GEDOmER Sy

di ssipation. In an alternative enbodi ment of the invention, the underfil

mat er iSal desejbedebufpph be practiced withenadificatian land aberaton withrthe epinié end shopf 0034]
Whil e the invention has been described in terns of several enbodi nents,
those skoflthegppendéddlaiais Thel desérgstivgnis #rs tdBé reighelet Ay histrativd Bistead of | M t ed
to the enbodi ments 5 described, but can be practiced with nodification and
alteratiofgWibhin the spirit and scope of the appended clainms. The
description 1S thus to be regarded as illustrative instead of limting. 11
CLAIMS 1. An apparatus conprising: a first substrate having a top surface
and bottom surface;

11



a set of one or nore dies attached to the top surface of the first

substrate, the one or nore dies extending above the top surface a first

di stance; one or nore interconnections fornmed on the top surface of the
first substrate, the one or nore interconnections extendi ng above the top
surface a second di stance; a planar encapsul ant di sposed upon the top
surface of the first substrate and extending above the top surface a third
di stance, the third distance greater than the first distance and | ess than
t he second distance such that the one or nore dies are encapsul ated and a
porti on d6LAMSone or nore interconnections are exposed; and a second
substrate above the first substrate, the second substrate having a bottom
surface and one or nore conductive pads forned on the bottom surface of the
second substrate each conductive pad extending fromthe bottom surface of
t he seconf trate ngn to.the second distance without extending to the
third di stanc ngppqﬁ SIPAPTRINE of claim 1 wherein the one or nore dies are

attached to %ﬁrs@e%éiﬁarte'havﬁg%t%ﬁwfaee%nawtb%m@ and the upper nost
portion of an uppernost die éxtends above the top surface the first

di st ance. a Set dfraneapaeee dJss @ttacm@d ta thedpre suifaca aktherfisstiubstrate, thees have
Fosoct 2L <t 55% okl I BHEL RIS BA R AL "5 om o Lace 2
the associ at econd drapors mtere@mﬁét?e|uh§1f(ﬂ*d1ed1@1 the topausapaoathesiief claim 1
wherein the encapsulant is a thermal setting nmaterial
substrate, the one or more interconnections exténding above the top surface a
second distance;
a planar encapsulant disposed upon the top surface of the first substrate
and extending above the top surface a third distance, the third distance greater
than the first distance and less than the second distanée such that the one or
more dies are encapsulated and a portion of the one or more interconnections
are exposed; and
a second substrate above the first substrate, the second substrate having
a bottom surface and one or more conductive pads formed on the bottom surface
of the second substrate, each conductive pad extending from the bottom surface
of the second substrate down to the second distance without extending to the

third distance.

2. The apparatus of claim 1 wherein the one or more dies are attached to
one another in a stacked-die configuration and the uppermost portion of an

uppermost die extends above the top surface the first distance.

3. The apparatus of claim 1 wherein the one or more dies have associated
wires, the associated wires extending above the top surface a fourth distance,
the fourth distance less than the first distance such that the associated wires are

encapsulated.

12



5. The apparatus of claim1 wherein the second substrate further has a top
surface and a second set of one or nore dies attached to the top surface of
t he second substrate, and each conductive pad is electrically coupled to a
correspondi ng i nterconnection of the one or nore interconnections formed on
the top surface of the first substrate. 6. The apparatus of claim4 wherein
the thernmal setting nmaterial is an epoxy. 7. The apparatus of claim3
wherein the associated wires of one or nore of the dies conprise

wi re-bonds. 8._The apparatus .of claim ]l wherein one or, nore of. the dies has
alogic %r oce-gbeo?p‘bggtu@é)fi Mehwherdn ?'é‘i?r‘?.s”@.n?ﬁ %@Efm?é%‘hﬂ% sing: a
first subsppgispoe; and a second sub-package, the second sub-package stacked
atop the Tlrst sub- package and electrically connected thereto, each of the
first sub-package and the second sub-package including a substrate having
one or noge digs _attache 0 rface of the substrate and one or nore
i nt er conn&ct i oh& PR ‘%ﬁ%ﬂ"ﬁhg%?S%Hsurface of the substrate, and a

stenci | - pri nt ahbeecedt@Babetae furticthas|a pisurfade @nda séworidaget ofivhace of the
substrate such that the one or nore dies are engaﬁsul at&d a]gd an upper
porti on omogdigs@ttached tmthedep syrface phihersespRd sUPsiiate; anegatlied, wherein the

encapsul a?&réog%ﬁ\t/égﬁa{i iri]sr,eélrgﬁ@?égrrlyp@&ulﬁﬂé’@to H38rrdspori irﬂ&ﬁ?ﬁﬁcfét%?eoff%ﬁ@ the upper

portion o nore I nterconnections o I rst

sub- packagee exinons mtedconeedtions fommed on the wprdunface of thelfitsheubsitaier ate of the
second sub-package has one or nore conductive pads formed on a bottom
surface, each conductive pad extending down fromthe 13

6. The apparatus of claim 4 wherein the thermal setting material is an epoxy.

7. The apparatus of claim 3 wherein the associated wires of one or more of

the dies comprise wire-bonds.

8. The apparatus of claim 1 wherein one or more of the dies has a logic

processor device implemented thereon.

9. A system comprising:

a first sub-package; and

a second sub-package, the second sub-package stacked atop the first
sub-package and electrically connected thereto, each of the first sub-package
and the second sub-package including a substrate having one or more dies
attached to a top surface of the substrate and one or more interconnections
formed upon the top surface of the substrate, and a stencil-printable encapsulant
stencil-printed onto the top surface of the substrate such that the one or more
dies are encapsulated and an upper portion of each of the one or more
interconnections is exposed, wherein the encapsulant of the first sub-package
has a planar top surface and the upper portion of each of the one or more
interconnections of the first sub-package extends above the planar top surface,
and the substrate of the second sub-package has one or more conductive pads

formed on a bottom surface, each conductive pad extending down from the

13



4 Dbottom surface of the substrate of the second sub-package, contacting a
correspondi ng i nterconnection of the first sub-package, w thout extending to
the planar top surface. 10. The system of claim9 wherein each conductive
pad is electrically coupled to the corresponding interconnection of the one
or nore interconnections formed wupon the top surface of the substrate of
the first sub-package. 11. The systemof claim 10 further conprising: one or
nore additi onal sub-packages stacked successively atop the second

sub- package, each addijtional sub-package jncluding a substrate having one

or more dictiompuriageef the sabsbatefithe secod sybspa r GG Bne or nore

i nt er connegtdBBRHY' PRBiSt heRirsiiibAsserabe ASURMIRAR (A8 an
encapsul gﬁ{ﬁé(??gpglsgéﬁ%%odﬁ '?E%%@pﬁ@ﬁlr@%% 0 t%g’ substrate sﬁgch that the one
or nore plaear tapsudacapsul at ed and an upper portion of each of the one or
nore interconnections is exposed, and one or nore conductive areas forned
on a bottom surface, each conductive area electrically coupled to a

cor r espongl) Ng THSytérA BT EiIM@wWRAErdiNBasEoductive patié eleefivany toapled f or med
upon the tog surface of the substrate of an i medi ately precedi ng
he

sub- packagdhe sorresprnding inderconnedtianiaf thevaee er more inteicenpecianisdonned ar e
ol ai m o HRrES o S8R of ReBuBLRAELORAE BriSIBIR. (oo (he aveoc atcd
wires conpletely encapsul ated by the encapsul ant. 14. The system of claim 13
wherein the associ ated V\Hg?n f fl?ne r%r mrrtr)ir ?n c:)f the dies conprise
Wi r e- bondtl- 14 The system of claim 10 further comprising
one or more additional sub-packages stacked successively atop the
second sub-package, each additional sub-package including a substrate having
one or more dies attached to a top surface of the substrate and one or more
interconnections formed upon the top surface of the substrate, and an
encapsulant disposed upon the top surface of the substrate such that the one or
more dies are encapsulated and an upper portion of each of the one or more
interconnections is exposed, and one or more conductive areas formed on a
bottom surface, each conductive area electrically coupled to a corresponding
interconnection of the one or more interconnections formed upon the top surface

of the substrate of an immediately preceding sub-package.

12. The system of claim 9 wherein the one or more dies are attached to one

another in a stacked-die configuration.

13. The system of claim 9 wherein the one or more dies have associated

wires, the associated wires completely encapsulated by the encapsulant.

14.  The system of claim 13 wherein the associated wires of one or more of the
dies comprise wire-bonds.

14



15. The systemof claim9 wherein the encapsulant is a thermal setting
material. 16. The system of claim 15 wherein the thermal setting material is
an epoxy. 17. The system of claim9 wherein one or nore of the dies

i npl enents a | ogic processor device. 18. The systemof claim 16 wherein the
thermal setting material contains a flux. 19. The systemof claim9 wherein
t he encapsul ant contains 0-80%silica. 20. The systemof claim9 wherein

t he encapsul ant contains a viscosity decreasing solvent. 15

15.  The system of claim 9 wherein the encapsulant is a thermal setting

material.
16.  The system of claim 15 wherein the thermal setting material is an epoxy.

17.  The system of claim 9 wherein one or more of the dies implements a logic

processor device.

18.  The system of claim 16 wherein the thermal setting material contains a

flux.
19.  The system of claim 9 wherein the encapsulant contains 0-80% silica.

20.  The system of claim 9 wherein the encapsulant contains a viscosity

decreasing solvent.
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