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METHODS AND APPARATUSES FOR PROVI DI NG STACKED- DI E
DEVI CES FI ELD [ 0001] Enbodi nents of the invention
wo edoameosgeneral |y to the field of integrated cP€T/US1005/027103
devi ces and nore specifically to nmethods and
apparatuses for stacking die to create a stacked-die

MEFRHOB5ASD APEMUHESER Pout PROVBING SlREH B brvices

board, the dinensions and cost of the nodul e can be
reduced and system performance i nproved. One possible
FIE thod of maxi m zi ng packagi ng densities involves
acing chips atop one another to form

hree- di nensi on tacks referred t d- chi
0008y Exad qs*.lmemaeﬁ‘@e?la‘ieéﬁ%ﬁ%tegen@ tottﬁ%?iﬁﬁéﬁgts feeireuit
years there has been sone interest in stacking ChIpS
deviggh ené mpwe spegi fisall Gipcmebpdpansk appriaptges fo streking déd fgdecate a
stacki ng a nunber of decreasing sized chips in order
stacked-dicaddélicet at e t he wi re-bonds or stacking a nunber of
sanesi zed chi ps using spacers, or enploying a beveling

BACKEGROUWNP Or using "T-cut" dies for the upper dies. As
the trend noves toward stacking nore die, from2 -

[000§]t e Lig%"l gé &mn Bc'ha{g}:ﬂ%eﬁ Hhorél Q¥ ERSord fﬁg rfadeDfPhe si %ﬁcon circuit

e 1n ear ut ur nore, pro

. 10003 r.e ng. si ze
voae S T OO S e OB SRR LR BB ?mgme
of the upper die is jneffective, For beveled qor T-cu
impryecl. SR ARRSble s od of THPYTIARE BAFkpHEE dPFY G OREgVos P& hEchips
between the | ower and upper die in a stack (i.e
atop ene asherdo domn thagegdimensipna stiicks federtad to@s pﬁadéeés@lmd@vlces or
| eads to | ess stable stacked-di e devices. [0004]
stackigirdiodericese @pver thic paktessecralcyeanetheferhas bednssonteanierasbinestacking
of increased yield |losses. As the nunber of stacked

chlpéjitNﬁérEpg%éﬁ@S 8Sch ¢Hif-siacking stissesiindli @& &kingldBumber of
St acke

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 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
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

testing can be completed on individual dies at the die level, pre-stacking, but such testing
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device is not conpletely tested until it is conplete.
Tenperature and ot her tol erance testing can be
wa@ eovplozt4esl on i ndividual dies at the die |evel PCT/US2005/027103
pre-stacking, but such testingis not indicative of
overal |l functionality for the stacked-di e device.
Especially in cases where one of the stacked dies
is not ilmﬁEWéwe ot sverall fgictiopalty Exrdhe staekgideatic devdet: | Erpecinlly reesdes
is not reliable prior to all of the electrica
wherecanend tiid samxked ididshmphinicntsen ldgici precdisir dgvice,mpdtdized speed is not
[ 0005] To address the problens of stack |imtations

reliabRIYidY k&hill of @R Blechitl ERHMEORInsQF tiRUDPRC KA NGRS cothpsked

di'es has been introduced. In such a schene, nmultiple

ub- 0 ISk C -.q] Vi
[0005g 0 P LK A0S T FRB LB FyBito Rt SRR T &, B Kb Rpy g sub-
or re sup-. kages.are stacked and el ectrjcal
packegigriE PR HBT Bt ettt aolby suemer polBRe bgrnckases.
1 illustrates a_stacked-di e device conprised of )
each comprisg astipckeddiagdcs arcaredicad aed tagiedh Upee speqessfuldesting,
St acked-di e device 100, shown in Figure 1 includes
two ot moeesubtirchagsi aestackss apd dlestivicalidcdndbeted whiowin asackbed-die
st acked-di e packages such as packages 105b and 105c.

devic®ackage 105a includes a substrate HOa with conducti ve
balls 120 (e.g., ball grid array (B&G)) formed on the

[0006]] OVeFioiidl T AGSrakdsla Qhckel RS 8RSEd @nforkl l%f stA&l&d sub-packages in

conductive balls 120 are for electrically connecting

accorngngg %&{ft?lstfa«lg i&r é_lrg‘ O@ta&l?edacﬁgﬁé\n% R%irsg?v(rﬁ] at ]ii%@f%\éﬁi}l{:wé‘esdéh?ee

posed upon the upper sSurface
rises a

sybstrate a. .[,0Q07], .Package 105b conp

sub PR IRl Ty D6 FOR 0 S PRekIeE Bighds gackages
130b. Package 105c¢c conprises a stacked-die device

105b prd, 1 Qng- dlagkaged@ga inchusios a spbbried 19 avidy opdudivedrHe i 2Qi6-2.,
shown. All of the dies, 130a, 130b and 130c, and 130d

ball grid 2809y (BGA) eloswtd po did lpwensurtace 8l vhthe esiptiptd Mda. The
substrates 110a - 110c or to one another with

condustive bal AR 014 for B tridallg comitdind &2 shibgiraeatiDasv d-ahddaad
are typically covered with a nolding compound 145 for

(not sREWAL CA RN 30aii98ispSsed LBSKIRIphO&usdls PECKAEE SubstiR 110a.
subpackages
[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-
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

limitations and yield loss, but has disadvantages as well. For example, the copper
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are electrically connected to each other with
i nterconnections 150, which nmay be copper joints
wheisoza3g he sub- packages. [0008] The st acked-BECEUS2005/027103
devi ce 100 addresses sone of the di sadvantages of
stack limtations and yield | oss, but has
. .disadvantages as well. For exa Ie the copperi npl ants
implarighag fﬂrm}tg%@or@éﬁﬁwdpuﬁ@bthm Heeckirgen reqvivepdditmgalsspace.
require additional space. That is, the
That iz therioemoestdtions 136 Betb&bmmﬂnpemkh)gqs dakages domesviaorddgoved
sonewhat renoved fromthe wre-bonds 140 so that they

fromaliewietbos@YEIEG thit thELadRbiéVerBRAL Ab1diftS corh blﬁld 145. This
i ncreases the size of the st acked-di e devi ce.

increh Q% MGy d cﬁeché &Q&&:ﬁ d1 | 5% S’Al\r/s\lﬁ :jf‘éhlﬁﬁl% C;tﬂ‘ég C Spg)e?ﬁlgﬂl%%tg Fequires

processes (e. dri
il B 5@&%&0 Lo SEOEL A SN O Rl it e

vi ew of a sub-package faqr the stacked-die
conflas%le%“?%h@églagp 8 S@B@% Sh%gperaéfl &FenEigure Lijly afep-down view
As shown in Figure |IA the copper inplants 150 used to
of a whrnsekazedomthp sekkasedic daviee 40@ desciibed at®Fe i tederemvertodigure 1.

is beyond the area on the substrate 110a in which
As sheivreintioguds 184 thermmyphdnplacetho vsed tac@ine@ubipackagds Bave a
130a, the substrate 110a and hence the sub-package

carriék058, MBedarkier i%ebeJE 8iidReQRAUBNHE SuREHRNTDE & %hfch‘%vlre bonds 140
carrier 155. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]

may ﬂ—@glab&iv G la %nV%Bs\Sf Ce? Iﬁlpe?ll%?% tg% gﬁgﬁh%%ﬁ’ ¥nd £l Z:E: Wlep&b S[Qlckage

[
fol |l ow cconpanyi ng draw n

used t |IIustra nbodi of the
105adBLicHIat e Bolgh °&F%WW8§§ o201 RPgur e 1
BRI: aNst acked-di e deV| ce conprised of stacked

88y DRAWINGS, the prior art; [0011]
[000%]t ac [feg inyieatierewiay & bastandersioad bp referrmgtth éhepiollowingy description

i gure IA isato dovvn vi ew of a sub-package for a

and accompanying drawings that are used to illustrate embodiments of the invention. In
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;

[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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[0012] Figure 2 illustrates top and side views of a
substrate for a sub-package in accordance with one
werdoed2wssmt of the invention; [0013] Figures 3BCF/USD05/027103
illustrate a process for producing a sub-package in
accordance wi th one enbodi nent of the invention;[0014]
igure 4 illustrates a process for encapsul ating the
[0014d| esFighred Blustrgatk BEpsesstor encapaNdting tamdiep pea sibpadkege while
of the sub-package interconnections exposed in
leavirgramuppenpertioh bhithersebgatioge imatcondectibes éxposstt inancordntte with
[0015] Figure 5 illustrates a stacked-die device

one eG®IBInHEOf B iNeatb@hngub- packages in accordance with
one enbodi nent of the invention. DETAI LED DESCRI PTI ON

[001%001ﬁ%gu{cn5 flﬂl@tr%‘ltgéé WF]I&QI}_@Q ﬁ&h&é’éd 1seﬁ %?g(ar S osglg%%kﬁ%g%s in

etal [°Ss are set wever |s unde
nbadi.nments gf the invention may be practiced w thout
Ccorﬁ?{é H}? O%OdHB?rg q?ghe P¥eUHer i nstances, well-known
I;ﬁﬁh&ﬁ_ﬁiééiiiﬂﬁes and techni ques have not been
DET S (0) order not to obscure the

under standi ng of this description. [0017] Reference
[0016]lhr olythe fiellaviiag desstipfipe.aminemousspedfie detaiioaie serfotthoHowever,
"an enbodi nent” neans that a particular feature,
it is untiensEbd tieyt embodihrnaaifelid Bventiclasgy bdgdctided GHitHdRE tHeSdspecific
with the enbodinent is included in at | east one

detaile MaPEhBERtafdes! \b@ll—kﬁ@@ﬁ RfrcdiRY &RichREs an-Ell"tHéhm(ﬁdc‘é‘ have not been
appear ance of t he phrases "in one enbodi men "in

show i GRS OB ot k8l oBREHAS uﬂaeqaglfdlﬁgpféﬁ%gér%étng to the

Specl cation are not necessarl

odi t her t he part.c Iar”features
roor 3 e REFEEe Wiphenoht b CBr it Fion \fay Rubeblifiea® i any
SU|tapIe manner in one or nore embodi ments. [0018
emboglipensy Breans thateparienlaisiares siryciume o1 characieRigtic described in
features of a single disclosed enbodi nent. Thus, the
connegiigh withfthe b dignenhis imdudid indt Pest ong pmbodinzane Oﬁélcemsent
expressly
invention. Thus, the appearance of the phrases “in one embodiment” or “in an

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
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

balls, that can be used to electrically connect one sub-package to another sub-package
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incorporated into this Detailed Description, with each
claimstanding on its own as a separate enbodi nent of
W0 boos/oz@sent i on. [0019] Figure 2 illustrates tPEI/ARN05/027103
side views of a substrate for a sub-package in
accordance wi th one enbodi nent of the invention. The
substrate 210 has interconnecti ons 240 and sub-package
above; ihinet stacked stb-oackags configratipny The sub-packaga ijpieonnections 250
conductive netal balls, that can be used to
may bel semoiflai toahd BGeomypeally employad op dekagent ddaoid dierfor surface
sub- packageabove it in a stacked sub-package

moun€ pikhginsat &tordhige With oR@ekBe@nicnt 6f 168 MVeatibm ite #Alpackage
may be simlar to the BGA typically enpl oyed on the

intercBMdcABhSAHE $oAledBndhée to{gggidec' ﬁén tﬁﬁ%d??lﬁ@&ub@@ﬁéaﬁhg gu‘t%-#ag:kage

accordance wth one enbodi e |1 nvention,
ack te

. sub- [ rcon tipgns are fqrmed on the .
intereREchiBi 2 g disfisty Moot wlisthonind orn e st plisherpear
i nterconnections 250 are discrete and therefore . )
and bgiwegn H&ﬁa#e)rfadé%ﬁ IpercqpRasHens 33k o eas caRadisinfdaier i forming
sub- package i nterconnections 250. For one enbodi nent,
the supr}?aéﬁagednfemonnmionh 385G thiat pat reaxyisleithe mterornmectiomobrswegOsub-
that will provide the interconnection between
packaged) pdckbgeis cambe forined dl tixawaypep towhad tiad dubtprekagy up
to where the sub-package interconnections will be

intercBh@e@dns WHEbSHAcHIACHRAELpALIRIE HBREAALNSNAIE electrically
electrically connected to the die 230 through

ave a conventl ona met a

el ectricall ecting.to the sub kage gel W
may WG 36 YSTaPA A OF st 14113 ey s el Jg the sub-
produci ng a sub-package in accordance with one
packagrBgW™rent of the invention. As shown in Figure 3A,
substrate 310 is a conventional substrate having
[0020d e at Higeresi3dy — dPdllegttatechpranebsipr grodemial agub-packaps im achpndance
attach. The bottom surface 311 of substrate 310 has
with aeranisidimventof tiel inbaltion. 23Ghawn dieFipuidRA, sbstyae B0 is a
reference to Figure 1. The substrate 310 has
conventiBnA3GKREL: ha Vi CARRTHE @B Sttddand 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
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.
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formed on the top surface 312. The sub- package
i nterconnections 350 are attached to netal pads (not
W@ b@s)0480r med near the periphery of substrat ePGLOS20051627103
sub- package i nterconnections 350, which may be
conductive netal balls, may be forned of sol der, which
may be a lead/tin alloy. Ih alternative enbodi nents,
[002kIhe Eononsssrbasémenitos theonmantionofedlose i Joretion @ thefsub-
copper or other suitable conductive netals. For such
packapetintdicvrndcsions BED suthepeo katpee B2 of ternnbaiaoRt), ahframy
be attached using a process simlar to a conventiona

circuiBChiph adibs)ald AeRnoPioRs s{RZ: 3160 aRSrEABOFiARAL efbodiment

the invention, following the formati on of the
F hSHRBRRKAER didd | Ll Begtl?
R s R e
re attached t.o the.subsirate.310. |n agcordance wt.h
procsf{ef BB i 1% L DL AR R OF pdlf B g Madketh i
i nplement various types of nmenory devices or logic )
confighratien ags attshedtodhe yhstrae 840 apgh ¢ pnaanpthss using camentipnal die
multiple dies in a stacked-die configuration, are
attaclhmetiode dnd mateiglss disshowh én Bipdreadil, dio 330wis atiathed o tisitog
conventional die attach nmethods and materials. As

surfac®Mofi sabstragesB B0 13, diel BB0BI3Baicked &bp amidedatiedtibedié 980a. Each
surface 312 of substrate 310 and die 330b is stacked

of theadiePmad bl eRltRaN BorlrRcted k& thd 3(Bstrak2GH Bfont RRotHLARIARY

be electrically connected to the substrate and to ohe

conv%?ﬁb%l?x%et@ﬁ%l%@ﬁ,%\{ -ﬂsﬁ@@bﬁf@%@@g@%&@g@% Hhe SoRoREL NI

tachnen
. i nterconpgctions .350 extend .ab the top. surface 31
e RIS PR R SRR Lol Bi B 1S
in Figure 3C, the attached die or die-stack is then
stackencapsul ated to protect the dies and associated wires
e.g., wire-bonds), if any, while |eaving an upper
[0022)or t Assha81 inFigtes3 G e Prackethdie ion tizrtarkrie ten@nsaBslted to
exposed. The encapsul ant extends above the upper
protestithd diee add 2sshiigied witeh @ gt héredionds), &y, While RAVingan Bpedt
as the sub-package
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
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.
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i nterconnections 350. For one enbodi nent of the
i nvention, the encapsulant 345 is a thernosetting
wOorie/2@Bs such as epoxy or polyner resin whi chP@EYS2005/027103
contain various amounts (e.g., fromO - 80% by wei ght)
of silica or other inorganic particles to nodify the
CTE, nodulus, or viscosity. For one enbodi nent of the
[0023] ny et shorn i fd gure 3, theseactnsulnhd eman Eneragpagp e gntire sub-
fluxes to provide fluxing capabilities during a
packagel bsaqorerettionsf 350w Theagakpackagoint@nenrextiosh 3f8nhayfentaire
i nvention, the encapsul ation of the die-stack, as
encapSU19MeA wherdhe Wis paage & tRE fpGhed sﬁlﬁ?@ékﬁ e Bf $5t88&d]sub-package
printing process described in greater detai

deviccg Le‘rg\/‘?x\éi'e[ HO<H @ﬁ(agg ?h\egcé)rﬂlegtjic% r\/ﬁg?b@ulﬁéa%g) e%k‘{ﬁ@ﬁfgzl dhect the

may encoPrpas e entire subpac

i nterconnecti gns 350. .The.sub-pack i nt erconnecti.ons

sub-pagkyet iR AROHeE P BrRER thel dgn Al RE-Refls o cqpligiiraign. an
t he top post sub-package of a stacked sub-package

upper P! thiy Bithspackages repnarelipgs Ba? en bhieverossbisoughinoye
used to electrically connect the sub-package to

methaogly sudiess gindingaedasgge delimge it in a stacked sub-package
configuration, an upper portion of the sub-package

[0024] nt eSuispavkagdsahs valbeaaackdbatop pasker subfpackdyeknomiot include
nmet hods such as grinding or laser drilling. [0024]

conduetPe RREH BHESsUchat a WA, e nily 366k BhE Ea(ﬁ"@llfb%grgls;iogding to

sub- package may not include conductive neta

the sugggfaéh,lé%% c%n F&%n?cgﬁ‘)%m% gP‘@SI;'le isﬁ}?—g%%géée Qﬁglthgc?lgtgﬁi &b stacked.

I ng ub-p ectl ons of
ENC - kage on which they are stacked.
ON [ 0025] For one enbodi nent of the
invention, the encapsulation of the dies of a _
[00254 , bp%@@&@@mbgdgn%@? g insnHgn.4he ergapsylatinn ofithedies of a sub-

process. The hei ght coverage of the encapsulant is
package int efrcteddising yienat-printigg tphecess. el heighticavdrage ¢iitbe ess

and material selection for inproved processability,
encapevlaris vb@tolled byesptiatiriag de, stenold-prineingprovesdatidaniterial selection
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,
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 encapsulant 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.
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properties. Figure 4 illustrates a process for

encapsul ating the dies of a sub-package while | eaving
w@roogopmEss porti on of the sub-package i nterconnkCT/US2985/027103

exposed in accordance with one enbodi nent of the

i nvention. Process 400, shown in Figure 4, begins at
is provided and

eratj on 405 |j ich a stencil )
[0028 ﬁ)ac e‘é Qg%élqnhﬁggs%gﬁngﬁ—@_rmtph@ eansuiant 1sgppled wespcapsulate the
. thin nickel plate, is patterned to cover sone upper
diesp dpe ppAURTof eaedpseirnt i soritaileg sududet ding ér g odinacick pasl
[ 0026] At operation 410, a stencil-printable
assoentedpeitdsaun complptebyémtepkulatytpivhidd aretERP PUHRMALSTE eddtEoMBE sub-
stencil printable, but can be nade so by decreasing
ackabentervorBRoSors)s 1FOSx pBXRAMAIHR 10Werl fifti bk Q-
P sgl vents to the encagsul at ihgr% rmtﬂeyrﬁilggeit%%g% Bictkage
; : nejl-REein n sulant is .
e O e enco SIS rafice S B GRERRBAN i remain on
nt-1s controll.ed such that dies (e.g.,.
the REARHORAYr thE SOk Ree BfprGinfeulols ouE ot gty encapsulant
hel encagsul ted while an upper portion of each of the
°IP [P aaed e aPAv e SRFieencApsants | ef t exposed. The | ower
ortion of the sub-package interconnections is also
[0023110 apSlinpgrasigon 420, the achsirate, is sujectat totdnelemtaitsmbantureriyorder
remai n on the upper portions of the sub-package

to reimotve sdweme Gitel,@vaporbidtsoind &r b1 Of HieSoD&hisYadBEE RRsPelAdh 410).
hel ps to reduce the anmount of such encapsul ant. [0028]

For dife caitdiahémbf A20nval®nSUP SiBahe ib §ub§mé’cl?éc?§)t ﬂqgrep:qtgrsaﬁﬂe of

el evated tenperature in order to renove so

apprbinfiely W@@f?%ﬁg@?ﬁgﬁg& gﬁ%clgr .fTﬂer}glbnf)gllia%ugrQ It Sq/ gﬁgﬁgrréugh an

oper ation 410 I'ment
strate is suhjected to a tepperature_ of
evaphBoR BRRLE TGyt ot el SipdiBainit LRy Slveptio be
t enper at urf and %j me for such _an_evaporation process
evap dbéﬂ’ﬁéa VeRisgWhigh pichian theystemsshpriniing pieeess. ast ressived as much
to be evaporated. The solvents, which aid in the
as pagpibledirior i Tefiomiig rpduse erosls tizat enaydivou ddring cuiigdiredlew if the
possible prior to reflowto reduce voids that may form
solvadty drm goicigmoned.r Ehd mmavkl éfftke 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
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

most sub-package correspond to the exposed sub-package interconnections of the next

8



10

15

20

25

solvents are not renoved. The renoval of the solvents
i ncreases the viscosity of the applied encapsul ant.
wao-oneoeE3enbodi ment of the invention, after bakCTys200$627103
encapsul ant is cured (cross linked) during a
subsequent refl ow process described nore fully bel ow
For one enbodi nent of the invention, such curing is
lower gylf-package wnghe sacke nd ISEloW processe osofheietonyertiangl surgee gpunt
enbodi nent of the invention, the curing kinetics of
processhis tlemodfestel amtrents appeterdonaadtioy betwdentetisubepagkages. During
reduce interference with joint formation. REFLOW

reflow], #2283 coditPofothe BEE D HbR-iP d6dia4es daé & the iIRreeeNReIpRehS.
form a stacked sub-package device in accordance with

ti ) .
There 32w ERATHEE BEnfen URAbA KRR, ufhe? Wb PREKBOE (e sut
netal balls on.the bottom side of .the tqg st
packeff 5fose FRatford 0F et  BOpeRkase, S weliml BB Rhgapsoton
I nterconnections of the nextlower sub-package in the
materig} g fhe suripesraf S Kage 1HieIcAMErtics RGN alloyEsRsaper
nount process, is then effected to create an
formafion ef intaremmestoms betweee the $wb-pagkagsackages. Duri ng
reflow, the viscosity of the encapsulant is decreased
[0030Vue FiguieSdllincksasseatkbédpedaiaere@mplhed ef stackad wh-padkgges in
force between the | and pads of the upper sub-package
accordide X8 ohb BRBEHARA bNhe iHRANSE.! S@BKedAdic UBECE SU®shown in
sub- package, so that any residual encapsul ant materi al

Figur{5 i&ctl}&le? H{rééagd%l— chk#gzg s@ﬂﬁz-s@ﬁg KR9S04d) %ﬁéfﬁ‘}ﬁyfﬁé 5902 dlBe sub-

orc out proper formation o

i nt ercopnecti gns bhetween {he sub-packages. [0030
A R R Ly A S e T L
. st acked sub-packages in accordance wi th ope enbodi nent
includgs asRestiel, W08 Mot coapugiRiecpalls 520l th-Badkges SUHdiR diss 230 and

Figure 5 includes three sub-packages 505a, 505b and
530b Bebue entrpsiaied witheensepsolead S#te Biebpppekerytion 69 kaefesybipackage

accordance wi th an enbodi nent of the invention.
intercGzcamskiife abdS@osadcdnddenm an sntsbniacgob Sith laid pads 521b

conductive balls 520. Sub-package 505a has di es 530a
forme@¥ 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 521¢ formed on the bottom surface of sub-package 505c.
Sub-package 505c¢ has dies 530e and 530f attached to substrate 510c that are encapsulated
with encapsulant 545¢. 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.
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530b that are encapsul ated with encapsul ant 545a. The
upper portion 55l1a of sub-package interconnections
WG 08/0ar488 exposed and form an i nterconnecti on BMT/KSt0a51027103
pads 521b 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
GENERARMABFERS45b. The upper portion 551b of
sub- package interconnections 550b are exposed and form
[0031RN iEhesdmeine of therinwdntibn peovidepmeitho82dnsl dpparatsesfor preducing
bottom surface of sub-package 505c. Sub-package 505c
a stacRXi8 HER coRREn AN Stad3E fsuBlphaee dohfgusatlist NadribuS dbotinadnts

arg encapsul ated with encapsul ant 545c. The entire
sub- package i nt : '
of the BB e B ART B RIS, G eBR pioptsal oore

each of the stacked sub-packages of - di |
alterns g BE4E REGE BT D g oSS A KR For

nunber of stacked sub-packages and each sub- packa .
examplgythp aytepaskageiingerepnnasionsy g%ge%et‘f“agk Cfg‘? B fve

MATTERS [ 0031] Enbodi nents of the invention provide
metalrbatlf)anksy nahyapjishlamaseil poshape suaespivgnes withekergatie

device having a stacked sub-package configuration.
emboyﬁﬁéMtggmeﬁmm s of the invention have been

descri bed including specific features or processes.

[003$o I ahtglhdainhete ofHR o8N HBBA hadbech MRsdribea At b proceistrving

eatures or processes may be nodified. For exanple,

Vario%sg(gpce%&g)_ggagllfc%gc? e%];ﬂfoflg Ql%@?{%{ﬁg}ﬁg gliuil fSH,aS/ REWER B8N BT @bir¥nost

as conductTve ne may be any

s eSS SR RS RS o

_enbodiment of the invention has been described as.a
withquit derssiénghizom iae Yasiq 50Be BhiBe A TegHen MHreArdgpes Witk KALOUS, o
exenpl ary and may be described in their nost basic
embddiments.bBér expmpky, inoprecesariOB.aleaetihed abavein rakerence i Figgr 4. the
the process, or nodified,

operation of covering the sub-package interconnections may be omitted. For such a
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
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



wi t hout departing fromthe basic scope of the

i nvention in accordance with various enbodi nents. For
we@aok@3s i n process 400, described above in re¢PUS008027103

to Figure 4, the operation of covering the sub-package

i nterconnections may be omtted. For such a process,

t he .upper portjon of the sub-package inte ecti .
energydysiBuiosy JheBAl By R o e e Ry HEIARh AReria
surface of the applied encapsul ant to expose the
may be appleskedise therfubrasiazes baverkeen popnestseh an enbodi nent,
the limted encapsul ant material remaining on the
[0034% ur fWhde dfe ihventionhapbedualyscribetien tooma o s¢vsrE embpilinangsythose
down off of the surface during reflow due to the
skilled HCthe ag o1 vb@eamb iat te nhentRndapsilimindd tanhk élbodiehisng
bet ween t he sub-package interconnections and the

descrifd fGE Rl ﬁgctgéﬂ diadsaiftatidienaaneRebh REmhSH P RPEHABE scope
us ual

, any resi encapsul ant does not interfere with
pro I nt er cannect i.on f.orymt.i . :
of the{ PR PR oA 6ot RUTb B rosateadh i AEFOERRE &1
. ..underfill material nay be applied prior to reflow for
limitig®t t er connection formati on and t her nal ener gy
di ssipation. In an alternative enbodi nent of the
invention, the underfill material may be applied after
t he sub- packages have been connected. [0034] Wile the
i nvention has been described in terns of severa
enbodi nents, those skilled in the art will recognize
that the invention is not limted to the enbodi nents
descri bed, but can be practiced with nodification and
alteration within the spirit and scope of the appended
clainms. The description is thus to be regarded as
illustrative instead of Iimting. CLAIMS What is
claimed is: 1. An apparatus conprising: a substrate
having a top surface and bottom surface;

11
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a set of one or nore dies attached to the top surface
of the substrate, the one or nore dies extendi ng above
wo b@otoap3surface a first distance; one or norePCT/US2005/027103

i nterconnections forned on the top surface of the
substrate, the one or nore interconnections extending
above the top surface a second di stance; and an

CLA psul ant di sposed upon the top surface of the
substrate and extendi ng above the top surface a third

Whatds shabmerkis: t he third di stance greater than the first
di stance and | ess than the second di stance such that

1.t hen aiRrais coRisdiges are encapsul ated and a portion of
the one or nore interconnections are exposed. 2. The

ambé’t}é@h&fingg@dg;r‘?g%lfﬁ‘\é@g{@ﬂ,&mw% g. or nore dies are

attached to one in a stacked-die configuration

a P t RAr LI f .an _uppernqst di e extends
oL R ETE Blep AR e BF sUPRE GRBE so g e B
aratys of claiml erein the one or nore die have
more%@eg(%re 0§ aRpyele topgurtace g firsfditiantey es ext endi ng above
the top surface a fourth distance, the fourth distance
| €5§ of Wpe fofREconnegtiongiferagsoen tha¢ep sunkice phide suissdiaieathecbne or
wires are encapsul ated. 4. The apparatus of claim1l
more witerconmectihes extasigdtant thestop stiffiserpdecaet distageemander i al .
5. The apparatus of claim 1further conprising: a

s en@Adasulast dispRed aydilie Fof QRfas bf AeQuBiiftPardixt@Ming above
surface, the second substrate having a second set o

the toPRBri8e AMEA iR eaht gﬁ%ﬂstraﬂcet n%l@at&%aﬁ‘ el AEE1YhndeMRd Tess
an r S

second substrat e, one or e conducti ve area

an S5 Mk B8 T ERAL B0l B B BRT G JRL S Bt o
corre@féondi ng i nterconnection of the one or nore

the ong QrIRRIS ANEECPTRFLORLIRSEPSRIt he top surface of the

substrate. 6. The apparatus of claim4 wherein the

t Reerf@paigis of plginrd tvererein thesongroreper fies 2re Atkashebivamatansther

of claim3 wherein the associated wires of one or nore
in a safkedrdiedprguration 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 die 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.
4. The apparatus of claim 1 wherein the encapsulant is a thermal setting material.
5. The apparatus of claim 1 further comprising:

a second substrate having a top surface and a bottom surface, the second substrate

having a second set of one or more dies attached to the top surface of the second substrate,
and one or more conductive areas formed on the bottom surface of the second substrate,

each conductive area electrically coupled to a corresponding interconnection of the one or

more interconnections formed on the top surface of the substrate.

12
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conprise wire-bonds. 8. The apparatus of claiml
wherein one or nore of the dies has a | ogic processor
waelewcoz0438mpl enent ed t hereon. 9. A system conprPGI/N§005027103

first sub-package; and a second sub-package the second
sub- package stacked atop the first sub-package and
el ectrically connected thereto, each of the first

6. g u“&l%@@ﬁﬁl@@ of iimnrevheseiabe beppalcrtine matenialds sreRexy.
substrate having one or nore dies attached to a top

7.  sullesappatustdielasmiFswvheatio thamaksocietedwiras o one or more of the dies
i nterconnections formed upon the top surface of the

compigbstifedicnds.and an encapsul ant di sposed upon the top
surface of the substrate such that the one or nore

8. d' 'ﬁ?e %ﬁraﬁﬁ‘iﬁ@%ﬁt WELrSR OB HRRE b MRids 3s Qflolggé‘ﬁﬁbcggsor

nore 1 nterconnections I's exposed |
9 wherein the substrate of the secon
CEVK%X%&ng%%ﬁgh 5§ﬁone or nore conductive areas formed on
dgottomsurface each conductive area electrically
SYEECEMRIIEEEY espondi ng i nt er connecti on of the one
or nore interconnections formed upon the top surface
ofa firsesuupackege; andf the first sub-package. 11. The
system of claim 10 further conprising: one or nore
addiecomhsib-sackageabk sgpesd silapiakdgs staded stopethy fiadt apb-phekage
second subpackage, each additional sub-package

and elldtlidatly ROniectdBire@t €ach Y KRORNQIOpackBYLardi (BS sebhdhd
to a top surface of the substrate and one or nore

packég%tﬁélﬁ@iﬂg%%ﬁb%?e ﬁeﬁrﬁﬂge(qle#%r[e fest@Bertd 356 %frfaEQSf the

substrat and an encaps ant IhSDOSG upon
t n
s R S R oA B 5o h o BB e

and an encapsulant disposed upon the top surface of the substrate such that the one or

9.

more dies are encapsulated and an upper portion of each of the one or more
interconnections is exposed.
10.  The system of claim 9 wherein the substrate of the second sub-package has 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 the first sub-package.
11.  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
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the one or nore interconnections is exposed and one or
nore conductive areas forned on abottom surface each
w@omnnduewBye area electrically coupled to a PCT/US2005/027103
correspondi ng i nterconnection of the one or nore
i nterconnections forned upon the top surface of the
substrate of an imedi ately precedi ng sub-package. 12.
bottomyurfage easkcondudtixg aie elgstically corpledive enrraspersling es ar e
attached to one another in a stacked-die
interappndatigu oéthieome ot nord intersgrateetivms foorhad mpdd thi topesunfatdief the
one or nore dies have associated wres, the associ ated

substwter@Ba@iﬁm@écﬁitalyxpr&ﬁaﬁg%ub%@&gey the encapsul ant. 14.
The system of claim 13 wherein the associated wres of

12. OffheQNsER & c?iimt&@&ﬂhﬁsthg Qﬂﬁ&l ﬁgrevﬂiéseﬁfrggﬁgéled %&o?]e-rﬁﬁ)t er in

system of claim9 wherein the encapsulant 1's a therna
in erial. 16. The system of claim 15 wherein

aStaC?tE%hi%ern%{lra 8Pt | ng material is an epoxy. 17. The
systemof claim9 wherein one or npre of the, dies,

13. %‘B]eegﬁﬁtﬁ’fns‘)fzf?ﬂ}l@g? wheseinthe epg orEgrecdies haye agsogisfadowires, the
conprising: formng one or nore interconnections on a

associatpsl wires eqrepleelyensapsylatest ley theleacapselastk nor e
i nt erconnections extendi ng above the top surface of

14. t Hhesyhstoraftebaim 13 wisdreiglitsd anodated twtimes ol boe ar mete affth©dies
or nore dies to the top surface of the substrate, the

compPiRE wite-toAHe di es extendi ng above the top surface a
second di stance; applying an encapsul ant upon the top

15. SUffeaSSie fof%ih?mh%ﬁééﬂlttﬁe Eﬁ@a TiR@ts Egﬁﬁ%ﬁ%g rﬂ{xbrial.

S
extends above the top surfac athir ne

j ' . he fj ' d
16. | b SRER RS b eb S el R RO i

18 further c rising:;
17. 8l"he system of ¢ aq;% 9 whergin one or more of the dies implements a logic

processor device.
18. A method comprising:

forming one or more interconnections on a top surface of a substrate, the one or
more interconnections extending above the top surface of the substrate a first distance;

attaching a set of one or more dies to the top surface of the substrate, the one or
more dies extending above the top surface a second distance;

applying an encapsulant upon the top surface of the substrate such that the
encapsulant extends above the top surface a third distance, the third distance greater than
the first distance and less than the second distance.
19.  The method of claim 18 further comprising:

placing a stencil over the substrate prior to application of the encapsulant, the
stencil having a pattern corresponding to the one or more interconnections formed on the

top substrate, such that the stencil reduces an amount of encapsulant formed upon any of

14
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placing a stencil over the substrate prior to
application of the encapsulant, the stencil having a
W@ aibo2@3gor respondi ng to the one or nore PCT/US2005/027103

i nterconnections forned on the top substrate, such
that the stencil reduces an anount of encapsul ant
formed upon any ofthe one or nore interconnections

the opg pEmgrangtesiwmpections exigpdiag pberedhe fopt siefacpfsthe sulstrate a
di stance greater than the second di stance. 20. The

distanest greateratharc theisacchd didtarcei n t he encapsul ant is a
thermal setting material. 2 1. The nmethod of claim 20

20. WTBleingthbhef tiaeh MhyheRdih tHREnbBIs8lahfis ol tRerdid] SABKY matefial.
The method of claim2 1 further conprising: decreasing

21. thendins@08 })f Yiah 26 Belel {Hé%erﬁﬁ?g%%ngg %@fe{itﬁpisaa%'gwg

the thernal epoxy to the top sur e substr-ate.

23 The. et hod. o | ai m 22 wherei n decreasing the
22. v?g%%@$@§§8fg%ﬂ%alﬁ@ﬁﬁﬁFo@B%%ygincludes addi ng a

solvent. to the therpal epoxy. 24. The nmethod of claim
1 glqctraping theowsansity phire thermakenayy prios iomplyng thertheranal epoxy
having a top surface and a bottom surface atop the
K”h%wmgﬁﬁ@ﬁéﬁtﬁh@ﬂg@@ond substrate having a second set of
one or nore dies attached to the top surface of the
23. seCiondethubof claine 22 andredn Geodeasiipthe 0RO6HIS tof Vie: tBERRS epoxy
fornmed on the bottom surface of the second substrate,

inclu@ECAUIBRNNHdnY B RE BRer@al §REHPONdi ng to an _
i nterconnection of the one or nore interconnections

f ..Lhe substrate. 25. The
24. mﬁﬁeﬂépdgf‘g#%ﬁ%ﬁ%@?ﬁégﬁgri sing: effecting a
fl hat an el ectrical .connectjon is
f oriehebL R T D e bifloe &dnh ol et A%y o PRGGS GRrTReR PR e
surface of the substrate and each correspondi ng

substeziydlict5o0Rd sbstiate SAKIBA AGRCANETHRI AT siAre dies atiache ¢o the top

second substrate. 26. The nethod of claim 18 further
surfage@ithe 8¢aegd substrate, and one or more conductive areas formed on the bottom

surface of the second substrate, each conductive area corresponding to an interconnection
of the one or more interconnections formed on the top surface of the substrate.
25.  The method of claim 24 further comprising:

effecting a reflow process such that an electrical connection is formed between
each interconnection formed on the top surface of the substrate and each corresponding
conductive area formed on the bottom surface of the second substrate.
26.  The method of claim 18 further comprising:

applying a squeegee over the encapsulant to reduce an amount of encapsulant
formed upon any of the one or more interconnections extending above the top surface of
the substrate a distance greater than the second distance.
217. The method of claim 18 wherein the one or more die have associated wires, the

associated wires completely encapsulated by the encapsulant.
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appl yi ng a squeegee over the encapsul ant to reduce an
anount of encapsul ant forned upon any of the one or
WoReoe/02@Ber connect i ons ext endi ng above t he topPCUSA0®027103
of the substrate a distance greater than the second
di stance. 27. The nethod of claim 18 wherein the one
or_nore die have associated wires, the associ ated
28.  wiTheanetnihoiclamy2 eybersin the pesgcistedtwiccsed oap st ofxBe dies
The nethod of claim 27 wherein the associ ated w res of
compaosewhe-boade of the dies conprise wire-bonds. 29. The.
nmet hod of claim 18 wherein one or nore of the dies

29. | NpleSRRRSSofR1diR0l SwRERRESRYr 8l of fhe dies implements a logic

processor device.
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