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FIG 1A, as taken along |ine B-B of
lower IC package may include one or rnore IC die — and perhaps one or more additional

15 components — disposed on a first substrate or other die carrier. Similarly, the upper IC
package may include one or more IC die (and perhaps one or more other components)
disposed on a second substrate. In some circumstances, the lower IC package may be
fabricated at one manufacturing facility and the upper IC package fabricated at another
manufacturing facility, and then these two IC packages will need to be mechanically and

20 celectrically joined together. The lower IC package is electrically coupled to the upper IC
package by one or more interconnects, and these interconnects may also provide a

mechanical coupling between these two IC packages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram illustrating a top view of an embodiment of a
25 lower IC package structure.
FIG. 1B is a schematic diagram illustrating a cross-sectional elevation view of the
lower IC package of FIG. 1A, as taken along line B-B of FIG. 1A.
FIG. 1C is a schematic diagram illustrating a top view of another embodiment of a
lower IC package structure.
30 FIG. 1D is a schematic diagram illustrating a cross-sectional elevation view of a
further embodiment a lower IC package structure.
FIG. 1E is a schematic diagram illustrating a cross-sectional elevation view of

another embodiment a lower 1C package structure.
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FIG 1Cis a schematic diagramillustrating a top view of another

enbodi nent of a | ower |IC package structure. 30FIG 1D is a schematic

di agr am iwbustrme3i7mg a cross-sectional el evation view ofPCa/uSaoiioezsso

enbodi mrent a | ower | C package structure. FIG IEis a schematic
ectional elevation view of another ?nbodi ment
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1F is a sgbgrRtihGodhREr AWt IOPhiALE Huduer 0Ss- sectional el evation view of
anot her enbodi nent a | ower | C package structure. FIG 1Gis a

schemat i ¢ di adriémlGlib ascheatatingiagran odbstrateng 4 oesd-sestiena cleyation wewefl anot her
enbodi nent I ov\ﬁr 1 C tpafkagg struct ure. S5FIG 1H is a schematic diagram

i |1 ust r ati"RGREPRUmCRE OMSH I PATKESE P ERSi ew of anot her embodi ment a | ower
| C package st Iyct UHSs a schematitldfagrad il tratSCh eioBd-scetifhaA8[cRBidd Vivgtorat i ng a
cross-sectional elevation view of another enbodi nent a | ower |C package
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FIG 1K is a sc I 'agram u a cross-sectional el evation
vi ew of amotheeembadio@dhieiviveal puekagt Srypdokage structure. FIG 1L is a

schemat ic di agFr amillustrating a cross-secti ona_l el evati on vi ew of anot her
enbodi nent a [Hd&ed) 5@ s&h@m@ggﬂggrﬁ%{luqt@_‘ung a cross-sectional elevation view of
10  another embodiment a lower IC package structure.
FIG. 1K is a schematic diagram illustrating a cross-sectional elevation view of
another embodiment a lower IC package structure.
FIG. 1L is a schematic diagram illustrating a cross-sectional elevation view of
another embodiment a lower IC package structure.
15 FIG. 2A is a schematic diagram illustrating a partial cross-sectional elevation view
of an embodiment a lower 1C package including a flow barrier.
FIG. 2B is a schematic diagram illustrating a partial cross-sectional elevation view
of another embodiment a lower IC package including a flow barrier.
FIG. 2C is a schematic diagram illustrating a partial cross-sectional elevation view
20  of a further embodiment a lower IC package including a flow barrier.
FIG. 2D is a schematic diagram illustrating a top view of yet another embodiment
a lower IC package including a flow barrier.
FIG. 2E is a schematic diagram illustrating a top view of yet a further embodiment
a lower IC package including a flow barrier.
25 FIG. 3 is a schematic diagram illustrating a cross-sectional elevation view of an
embodiment of a package-on-package (PoP) assembly.
FIG. 4 is a schematic diagram illustrating a cross-sectional elevation view of an
embodiment of a computing system including a PoP assembly.
FIG. 5 is a block diagram illustrating embodiments of a method of making a lower
30 IC package structure, as well as a package-on-package assembly.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed are embodiments of a lower integrated circuit (IC) package structure for
a package-on-package (PoP) assembly. According to some embodiments, the lower IC
package structure includes an interposer having pads to couple with mating terminals of an
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15FIG 2A is a schematic diagramillustrating a partial cross-sectional
el evation view of an enbodi nent a | ower | C package including a flow
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pads to couple wth nating ternm na
The lower IC package 100 may be coupled with an upper IC package to form a PoP

assembly, and an embodiment of such a PoP assembly will be described in greater detail
below (see, e.g., FIG. 3, and the accompanying text).
With continued reference to FIGS. 1A and 1B, the lower IC package 100 includes

15 asubstrate 110 having a first side 112 and an opposing second side 114. An IC die 120 is
disposed on the first side 112 of substrate 110 and is electrically coupled with the substrate
by a number of interconnects 125. An interposer 130 is also disposed on the substrate’s
first side 112, and a number of interconnects 140 electrically couple (and perhaps
mechanically attach) the interposer 130 to the underlying substrate 110. According to

20 one embodiment, an encapsulant material 150 is disposed in the IC package 100, and the
encapsulant 150 is positioned proximate the IC die 120. In one embodiment, a layer of an
underfill material 160 may be disposed between the IC die 120 and substrate 110. Further,
a plurality of electrically conductive terminals 170 (e.g., lands, solder bumps, metal
columns or pillars, etc.) may be disposed on the second side 114 of substrate 110, and

25  these terminals can be used to form electrical connections with a next-level component,
such as a mainboard or other circuit board.

Substrate 110 — sometimes referred to as a “package substrate” — may comprise

any suitable type of substrate capable of providing electrical communications between the
IC die 120 and a next-level component to which the IC package 100 is coupled (e.g., a

30 circuit board). In another embodiment, the substrate 110 may comprise any suitable type
of substrate capable of providing electrical communication between the IC die 120 and an
upper IC package coupled with the lower IC package, and in a further embodiment the
substrate 110 may comprise any suitable type of substrate capable of providing electrical

communication between the upper IC package and a next-level component to which the IC
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WD 2012/ 082371PCT/ US2011/ 062550 upper |1 C package. In further enbodi nents,
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110. Further, a plurality of electrically conductive térmnals 170 (e.g.

| ands, saloddr anmmnplmheﬂc d@lmﬂmwnmmplalnmamrooamr )a gralyhlbﬂeprdwwsed on the
secong si de of f % 110, and.?25 t 5 ternh | s g ?p 35 to
form & ect¥i? 8‘100%58%88F VEHE PEIERC Qs &lve n88?1%18 Aot {fie Ce

mai nboar tofprigédesystin- 6nuch1pt(ga(:91havmg multfpu@ﬁﬁleaé@l 3G . gsczﬁ@tolr pRec I ef erred
to as a "package substrate” - may conprise any suitable type of substrate
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between the |IC die 120 and an upper |C package coupled with the lower IC
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dielectric or netal core). | n anot her enbodinment, the substrate 110
25 Interconnects 125 may comprise any type of structure and materials capable of providing
electrical communication between the die 120 and substrate 110. According to one
embodiment, the interconnects 125 comprise an array of solder bumps extending between
the die 120 and substrate 110 (perhaps in combination with an array of copper columns
and/or copper pads disposed on the die 120 and/or substrate 110), and a solder reflow
30 process may be utilized to form the interconnects 125. Of course, it should be understood
that many other types of interconnects and materials are possible (e.g., wirebonds
extending between the die 120 and substrate 110). In one embodiment, the interconnects
125 electrically coupled the die 120 to substrate 110, and the interconnects 125 also aid in

mechanically securing the die to the substrate. In a further embodiment, a layer of
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5 conprises a coreless nulti-layer substrate. O her types of substrates and
substrate materials may also find use with the disclosed enbodi nents (e.g.,
ceram cs,weappiisex1 gl ass, etc.). Further, accordi ng toPomaSenbo6issent, the
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class 20 of |C devices, ~The IC die 120 includes a front-side 122 and
an opposiNeersadRdgneds the apenipg d3handedip parilphshy $26 maE npt bapliespdandopmany pe
referyed o iV "1 j ngﬁP&{ 4l connects
125 eifen@% ??)Or#c?ﬁtg Cg%{ét %ﬁ?@glﬁ\tgﬁgl?é%é)@éﬁ@gg{ ﬁle6 ﬁ?\}aer yu%lgglgﬁ gft?lr%ate 110,
and t hesewindoerl@6nnects 125 el ectrically coupled the die and substrate. 25
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of provi di ng. df SEHHT e eEBRRi ety EBe R et T BT S CBeTEal o
110. ACCC&%%éElaneﬂyd@@ﬁan%ﬁP%bﬂ%@t ,intér%gsééiﬁg@"fgag'}ﬁ%&%z thébfé%ﬁﬁlﬁéa?rﬁ an array

of sol der bunps extendi ng between t ' and substrate 110 (perhaps in
conbi nat iconfignetiomnFarexamplst incanofer cmbbdimest, an slicon wdgpel Cpthddntdipspassed on

t he di and/.or substrate 110 an sol der reflow. 30 process nmay be
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wi r ebonds ext endi ng between the die 120 and substrate 110). In one
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plurality of electrically conductive terminals 180. Each of the electrically conductive
20 terminals 180 may comprise any suitable structure and material capable of forming an
electrical connection with a mating terminal of an upper IC package to be joined with the
lower IC package 100. In one embodiment, each of the terminals 180 comprises a pad or
land adapted to mate with a corresponding conductive bump extending from the upper IC
package, and these mating structures may be joined by a solder reflow process. However,
25 it should be understood that a terminal 180 may comprise any other type of structure (e.g.,
a column, bump, etc.). Further, in one embodiment, some of the terminals 180 may have a
different size and/or structure compared to other terminals (e.g., terminals used for power
delivery may be different than terminals used for signaling, etc.).
As noted above, a number of interconnects 140 extend between the interposer’s
30 second side 134 and the first side 112 of substrate 110, and these interconnects electrically
couple the interposer 130 — and, hence, an upper IC package coupled to the interposer —
with substrate 110. Interconnects 140 may comprise any type of structure and materials
capable of providing electrical communication between the interposer 130 and substrate

110. According to one embodiment, the interconnects 140 comprise an array of solder
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WD 2012/ 082371PCT/ US2011/ 062550 underfill material 160 is di sposed around
i nterconnects 125 and between the IC die 120 and substrate 110, and this
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t he interconnects conprise an array o
expansion between the die 120 and underlying substrate 110), and such warpage may lead

to reduced reliability and/or structural failure. The increased stiffness provided by
encapsulant 150 may alleviate the aforementioned warpage-induced failures.

25 Although referred to herein as an encapsulant, it should be understood that this
element may be referred to by alternative terminology. For example, an encapsulant may
be referred to as a mold, molding, overmold, or glob top.

The encapsulant 150 may be placed in the lower IC package 100 at any location or
locations, as needed, to provide the desired mechanical characteristics for the package

30 assembly. According to one embodiment, as shown in FIGS. 1A and 1B, the encapsulant
150 is disposed over at least a portion of the back-side 124 of IC die 120, and in some
embodiments the encapsulant overlies substantially all of the die’s back-side 124 (see FIG.
1B). In a further embodiment, as also shown in FIGS. 1A and 1B, the encapsulant 150 is

disposed over at least a portion of the first side 112 of substrate 110. If an underfill
-6-



WO 2012/ 082371PCT/ US2011/ 062550 bunps extendi ng between the interposer 130
and substrate 110 (perhaps in conbination with an array of copper col umms
and/ or coppeniymeyidi sposed on the interposer 130 and/ oPC3aisgamnasssdlo),
and a sol der reflow process may be utilized to formthe interconnects 140.

O course, it s der st Qod t ha n t her s of interconnects
and nat erfP%IFféalaIE 55 BFtéveelIﬁ‘ g’ﬁép %%@Mﬁtﬁt{iﬁl ?%‘ICéB%%Etlg 140 al so
aidin m%ﬁ&}a&lb&@édté’ct %%H)hb BchTe Qﬁdérﬁil%zﬁ&%ﬁr(se%?t@d !PB} hﬁ&l@%ﬁfb%éﬁﬁenﬂag In a
further enmbodi nent, as w Il be described in greater detail below, the

encapsul ahownan ErG. alB, llfﬂ)enwagsum extdndsriteyontthe gapplidp 1Bebiier] 20 Hait doeser poser

130 and substra 110, and .t he apsul. ant exten round.at | east a
Sortion JPUERERLP fEphs BF S T BRIt MRee RN 146! RERBRE R RS e ®150
nmay also e@h%dﬂrﬁeﬂt NasneB6Ra M FRG | 1B, $SIRCINapHBF dt@pduling | PRBRUDLSkBRIAIQ fRubsHveat e
110. pr evi ouslé’note an encapsul ant 150 is disposed in the IC

package ﬁb@backhsedee@ﬁfhgé butis ncsmdﬁdayeaé &I‘?pili: ‘secapliery.ui@binconegnehodgnendy
conbi nat i ?@h(? n RERY 18 Bie en@%p%ﬂﬁnﬁ ur ”Ee N%Jlﬁab%% dn"E‘QlderI% gf! al

conprises a I'Iquld epoxy 'n a e epoxy 1ncl udes

one or nahrgdstd K0, ﬁrlﬂioeughai thetembal ingynt oﬂEI@ranheenda@s@lhﬁreaednas alsdwealse of the
epoxy (e.g., curing tenperature, hardness, yield strength, nodulus of
el ast i ci tijicTRase ¥ seeprcheidef 34 pnekintgl the yindesy &30- etc.). According to one

embodjgrent, ”’I‘Fs@‘&?@@éﬁﬂd@% ddat}{&rFIG@C'iﬁaaﬁS%Btlﬂﬁ %Hlﬂgl%%x%ﬁa lower 1 C

package 100 and’ decr eases t he package's susceptl Ity to warpage. For
exanpl e, edmhadngeﬂtlmélmé@biayka(gb 100wed cid@ppaaikd§e. HoGcvas maay bthas duri ng

j 0i ni ng upp | C ack he | 100 ma) e subjected to
ol 11 b e S RanBa s P g 0o IR AG DOR QU e SRl B o,
etc.), anghdrihbolfiRe! aidinafifht Ady %Ve;&@ddﬁﬁto"’tﬁé RAURDW B3@and rHAkeLiL O
differential thernmal éxpansion between the die 120 and underlyi'ng substrate

110), andehye I:hevsammi@ederw dfeatdrposcrridfiuded furdicr ammbpdiment tlelf ancapsutanet ur al

fallu e incre i f.f ness 'dd capsul ant 150 al | evi ate
the al b dhdmePoRia P pE b R i 1 12 SRR SRR SRRt fr o
as an encapsyhidtle shape ah@UldhdeinbaaR SR diidthe tehta@s@lh@tr’fﬁﬁgt extend toe

referred to by alternative t er ni nol ogy. For]f4e0>§<]|1%1 an encapsul ant may be

ref er r ed Te®oBSOBURBIAS | HbPefiupigd byvelerponeccts itigys! emh@dléweﬁ@ theant 150

may be pl t| ons, as

needed, tlgkglglgrjlodv]ipacfiégg% é?)\éﬁél Inrgg Qﬁn%@ﬁ%ﬁ? cﬁgraq{?zlil?g% Acgﬁ&tl%ngg SQ Za pac kage

30 aSSerTbidjdltloﬁEleBﬁtdtngaréﬂlmﬁﬁte&nfDEIﬂiSTHmthr(ﬁfghSII‘lQWn in FIGS. IA and 1B, the

encapsul ant 150 is. disposed over at le sél gorti on of the back-side 124 of
Hea

| C di V120, afteferingdine te Fifedidnoge ¢ iR gersaet [rQextendscoart i al |y
al'l of thg die sﬁlquﬁ Bf ﬁl‘t&lﬁosjegfﬂd S&RoFihGhe é‘lﬁ%odlfn@ntaoffqu}t E‘Erth%réﬁ&%k{ﬂ%ﬂtt as
e ver at

al so shown I n B, the enhcapsul ant 150 is dispos

| east a pos mrmnarrgjular Iamsfusecztionsh mtefilt MAthofousddssdoratre R&I@mﬂgfto:FmGuhﬂanfl I I V\D
2012/ 082371P S2011/ 0625 terial 160 is di.sposed between t

120 and mﬁab@n%&@mmg&h Iaa*h?p%@dvma@thaI@BeréW%lﬁ SBETEHE of “t he

under fi | lofi@dear 1ah fBRe chb&imkR), as SKbvaNR ﬁ@@g't‘l’f@@ﬁcapﬁlﬁaﬁh@%ab Rsidpe 1B,
t he encapsul ant extends beyond t he peri phery 126 of die 120, but does not

ext endb t dhategheomsicoad sudress-secaon a0shovmupieokimptes atsérecomeatefile1 dotheAc cor di ng

to one embodiments of FIGS. 1D, 1E, and 1F, the encapsulant is disposed over substantially all

of the die’s back-side surface 124 and also contacts underfill material 160. Also, in the
embodiments of FIGS. 1D through 1F, the encapsulant 150 does not extend to locations
where interconnects 140 are disposed.

30 Turning now to FIG. 1G, in one embodiment, the encapsulant extends into the gap
190 between the interposer 130 and underlying substrate 110. Further, the encapsulant
150 extends into regions occupied by interconnects 140. In the embodiment of FIG. 1G,
the encapsulant substantially surrounds one or more of the interconnects 140. In another

embodiment, as also shown in FIG. 1G, the encapsulant fully fills the gap 190 and extends
-7-



5 enbodi nent, as shown in FIG 1B, the shape of encapsulant 150 is
substantially flat above the back-side of die 124 but is rounded near the
di e' s perwpherys23liso, in one enbodi nent, as shown i n FPGI/USB)11062550
encapsul ant 150 does not extend above the front side 132 of interposer 130,

al t hough in the enbodi nent of FI B the engapsul ant _.extends above. t he
i nter posetJFC‘r% ﬂgﬂe%lgﬁaﬁt%? £y acgnld%tﬂg‘w 1PW8’Wrn%j§RRP11 gufagg)l 4-s]rs‘1[8WF‘tﬁerb’é1

under st oqgh drh@tboliintSts, ks éi‘i@&’ps%ﬁn{ Jn'a%' Bt UAPEsA p?&ﬂﬁﬂaﬁ‘e R §RL&mecRMBodhgent of
| ower | C package 100 and encapsul ant 150. However, many ot her

conf i gur aphtaasorsforemarapé theanintcr&@nactd, Huowey noCfiplydklhthe g2p 096 Blapogsi bl e.
For exanple, i r enbodj hpents, the enc ul ant ma t extend into the
it ndon 1Sl R BRO | P st fufls B ARl IR LR @i ST o 4
furthey ehest BBMe infeROnEOEAPRUhANbtrehathbh ChdmycinicanstaRav® tehfeen the
interposer's first side 132. Also, the encapsul ant may have any ot her

sui t abl e iBiggwscrali anflispbstiate 1 0haswak avinistraping thostichgthand aglabilihof gy ext end
to regio . t i i . Addi t | onal
embod merg St Hhach g 1 BEEERRen O MG R Rt b AL TN St 1 ons
of encapsdukaitlahb050 s awhhpe Gpraxdaiatingonatinfaeat piagid @iich d dHapstiagatbed i n
FIGS. 1D through 1L. 20Referring first to FIG 1D, in one enbodi nent, the
encapsul @§picYShbwIPEGAaPiHhaeeIRE PFRGesy)- si de 132 of interposer 130. Al so,

inth nbodi :
I'n they embodi rfF@l%er %ﬂ) dng’entg'%o&tbﬁl dlggﬁ‘g‘@ﬁlﬂn%ﬂgh haS iR he: ?lgﬂﬁéil%\rW%_sE, in one

cross-sectiona e with roun orners. Referrin
enbodi mentisposeitayes theanick-bhi 134 f diestPp dlawevahiic bthbhembigapeentpotht deis | s

substantially. rqounded.. In a further enbodi pent, in Fl t he
cncapoul ks SHASRS vuieipBeds Forgariinan b ehistl RKh 16 de< bt foh 15 shown,
appr oxi Ml aGicR Bl A WBY BicRiOf hbiphchn1 1) 8ueAD BUKIRAL $206f the @R 12bRs 1E, and
1F, the encapsul ant” i s di sposed ovéer substantially all of the die's

back- si deubsiaftatly 24 drecknabpsolanbnBretes of futhef exdmpletagshevn 6BIG. Allgbs i n

t he embodi nent | GS, 1D, t hrou 1F,, t he .encapsul ant 150 do ot extend
A et g B E S B L R TR e At SRR A Bl

1G in onglQRRosirTBNbS the A’ €P&RPsd Bt reXing RASstartally FiRe ofaitapQfahetveen t he
i nterposer 130 and underlying substrate 110. Further, the encapsul ant 150

ext ends ithe empedjmsnsofddoupl. dep wgapslast Bwh ssiend ahong. the dictisek-sidpddft waht of
FIG 1 bstant.i ahl v . .
| nter conrSf oSRGBPOIh AT AN A i SH L RUERS BRICR AR 4l

encapsul afi¢ bidk-dige 114 proxintuge thaRedi®lofadicl 12K teamds freé bDEAchpilswbii st ' s first
surface 112 to the interposer's second 134. However, .in. other

embodf re RM0d RNt e PaHEE FRlESt fepring %ﬁt%%@icfé?ﬁ?%r i ahgie! 4hway fcgi@innect s
80 0 SaRig oSSR, oL g DG RICH B TRl W
and i nt ersposder, 880(nahshoswmoindgbucasg— with the die’s back-side 124. In another
embodiment, an exposed portion of die back-side 124 may facilitate stacking of one or
more additional die on top of die 120, such as die 121 shown in dashed line in each of
25 FIGS. 1H and 11. Die 121 may be coupled with die 120 by any suitable interconnect
structure (e.g., thru-silicon vias, or TSVs, wirebonds, etc.).
In the embodiments described thus far, die 120 was coupled with substrate 110 by
a number of interconnects 125. However, in other embodiments, alternative structures
and/or methods may be utilized to couple die 120 with substrate 110. For example, as
30 shown in FIG. 1J, the diclectric and metal build-up layers that form substrate 110 may be
built up directly over the die 120, in which case a diclectric and subsequent metal layer
may be formed directly on the front-side 122 of die 120, with the metal layer forming

electrical contact with one or more bond pads on the die. In such an embodiment, discrete

interconnects 125 may not be necessary, as metallization in the substrate may directly

-8-



5 or nore of the interconnects 140 nmay strengthen the nechanical attachnent
between the interposer 130 and substrate 110, as well as increasing the
strengt h wocoraisexhi | ity of the electrical interconnect®#CIAB201106158€

enbodi rent of FIG 1G an upper portion of the encapsul ant 150 has a shape

approxi mating a, trun such sha be achi eved by, for
exanpl e, Q" i%ﬁhﬁ&oaﬁ idgfaym@@% of i H@S&%E%aaw%mt@ﬁ & HhHOTHICRIgRSd 15 t hr ough
1G the Gt@&ﬁ’iﬂf!é liftd IR YBS H&hlﬁ%ﬁ%&ﬂﬁt}ﬂ) heie RABKdGH edn&%f&fleééle 120.

However, i n other enbodinents, the die s back-side 124 may be exposed. For
exanple,lxmkgnmyh in FIG 1H, the encapsul ant 150 contacts the edges of the

di e's periphery 126, .but h k Side 124 of th 20 1s.subs tlaIIy
(e oot he et asEiiont b S i (e e i T Rt %OUP??%E

the 155 er&z@mwbvaﬁtsuﬂs%fatmw axite Péfeﬂeﬂé&toqqg moth@rd@b EI0MAEbL OB tBiEal

i nterconnects 140, but at |east a portion of the die's back- si de 24

renmai ns swBBledntithaubstrate L0 b ormerapetsiband witen 12 hecaghvbonl wisnextordipg G 11,
the encapsul ant, 6‘6%%‘1 %ét ﬁQﬁ'e @8&‘@% 55 a%% b@g &%ﬁ' ?ub]sar?tﬁalqe N ROt | ons of

this surface prOXI erip ortions of the

di e back-tht e@bddéhepr @GIG&UE thlaehe:m I@rs b@én fipped 80crrvaiiaih die*lmek@ide 124
encapsul ant. I n one 20 embodi ment, exposing at |east a portion of the

bac k- si ddogaser asfiacgnisthg fl@strw I3 of patistipts [d8apd ipﬁ@am ataa@md RgubBraiR 1 ¥h -

lLay.er r I ader,
i o, B ot Bt AR Bos AT FEGBhantal BRI IR gy e SREERCE
enbodi nent50 eatendx pos el ﬁmttmd:enofaﬁe 22 abacK-as Ithiﬂil&’z@en‘phﬁrﬁ azo,lantlatse st acki ng
of one or nore addjtion di e, on top.of di L8 120, .suc s die 121 shown in
Gashed 1 1HE wBSEh 107 BoriteR eriolinenihe srapsittidy Ted sEms G i rh df o
120 by aQMbﬁth@@Hﬁnh&k%&&?ﬂﬂﬁ%bt@é% n%%ﬂ%uhﬁnﬁmdaiﬁ&Heéksh&?@hM&QQ or
TSVs, wi rebonds, c.). odi nents described thus far, die 120

was couph@@lﬂﬁthﬁé@b@sﬂéfe 110 by a nunmber of interconnects 125. Fbmever,

' b d/ li zed
o Colibl o ai e HBraY Fitdufsd il ShssadEuRF s IR GO0 ool 157

t he di el egbstiae anﬂlnmegt@ﬂke@mmamgm | @perBcionas mhobeussdstfoah elcddalmay be
built up directly over the die 128 in which case a dielectric and

subsequerRonpRatians b%tyféen eash 05@65@fimd@ir M@@tswstw tHe By vay ofpxpanplo2sof di e
120, wit {Lﬁ%@ﬁllﬁ f ! lL ?ﬁ{rﬁé dleqﬁ%rﬁgo %)E rnllda 1y oe &t aV\gtglcjﬁ a%ﬂ%ls%?igpd’ O b Ond

pads on ‘n"su an € e |n erconnects

be necessaéﬁnn@senmzafhﬂgﬁmbom0|@n&heH@ubwﬁﬁahﬂsnayndymﬁm&kmuyVMhpb

2012/ 082371PCT/ US2011/ 062550 contact a di e bond | es. of processes
that sy saeh i the digkOar bUombilc te saY one PR th%t%ard@e Bﬁ%lf Wi SWRRtRE- up

layer (BBYY) in tH&nReHN R FIGND., WY &lcap LYl 1 PREKEHMBrough window 136 of

interposer 130 and above the interposer’s first surface 132. Further, the encapsulant
extends into the gap 190 between the interposer 130 and substrate 110, as well as around
one or more of the interconnects 140.

25 As described above, in some embodiments, the encapsulant 150 may not extend
into regions of the lower IC package 100 where interconnects 140 are disposed.
According to one embodiment, where it is desired to prevent flow of encapsulant into
regions where interconnects 140 are located (or to any other region of the lower IC
package 100), one or more flow barriers or other flow control devices or structures may be

30 utilized to control the flow of encapsulant 150 within IC package 100. Any suitable flow
barrier, or combination of barriers, may be utilized to control flow of encapsulant 150,
such as dams, non-wetting coatings, and trenches, as well as any suitable combination of
these and/or other features. Various exemplary embodiments of flow barriers are

illustrated in FIGS. 2A through 2E.
9.



In yet anot her enbodiment, wire bonding may be utilized to electrically
couple the 5 die 120 with substrate 110. Wth reference to FIG 1K, the die
120 may bwoebewsei7ecal |y coupl ed with substrate 110 by omeTas20mine2ssond
wires 127, each bond w re extendi ng between a bond pad on die front side

122 and a bon ad. on strate 110 te t enbodi nt of FIG
1K, the die 1 gﬁ%Eff?f% BB &RC grakedifchty 2 Eiﬂ 5&1@@% ROse a%gl%zftlfs‘i ocat ed
adj acent ¢ hg.d 11rzsafsﬁb§fedte1m ofhéda%@mtrﬁaﬂ@@dl e@@(ﬁ?@%ﬁ%l& fchesh tR.

substrate 110 10 by an adhesive (not shovin in ure I'n the enbodi nent
of FIG 1&gatiohe) ieheegqdlrankaged00east denided, m/mhllnﬁbe floorifcocapsulent ile 1022, as

well as t d'e'.s erinhe 26, and al so r.Wr 127. Al so, |nth|s
bnbod, merpe PR EREHUIRaAY. EG S MRl tthia b BRORLBedcts 4R § % ot
above 4li qaeihgﬁeryh% of € dRNCBNSM e et bBink@Edieets a0 t MRuHR' dnPRYIaRhEbis 126
and over w rebonds 127. 15Turning to FIG 1L, in anot her embodi nent, two or

mor e di e thaflonefenegposlaet I6A istesgipas of ICIckageal 0togewnier beingrremshisg40and

wi r ebond tric of these
i ¢ ands oreaerh e RS vs ful B NSRS MRSTA RS SRR RRARE 1)

three di ecoﬂxﬂﬁaueslé&@l),, and 200/ hsmbOnlded amhangmtatenl 18 tgrtaa@ISuﬂMe tichipiqee. g),n t he
first side 112 of substrate 110. nore W rebonds 127 may electrically

coupl e 20Yedcdhetive. b r%ﬂ@@z@éfier,ﬂzfdbffu&lg@@%%ﬁ% brig 3pthgperabosimenfe ot her
die aﬂﬁ“ Qhe MIL%O%’RSJO([A@%& W:H'lQh?] n@ed%%%r ?ﬁr@fﬁ% s(ﬁt)st}:a!tgl 1()1%8(1 hhe?fu her

encapsul ant 150 extends throu 136 of 1 nterposer and above the
i nt er posemtwdimemtthesdami 28 113@uplEdJMthé>oth thbleu‘tsrraadsl()laaduntembm%m nto the

gap 190 between the inter 130 and rate .110, as around one
o mor e ORCPHANg IR GIPHBAAEBEA A Tosbme 2fss vdid BBk et 1 10
embodi ”Eftbﬁ,altérﬁl@tlwqmd%hé&ntéé@l\Hﬁﬂuﬂ%o&ﬂ@@jj into regions of the |ower

| C package 100 where interconnects 140 are di sposed. Accordi ng to one

enbodi nent, wHiafering nlesttdﬁﬁréla 1n@npuhen/@nbodﬂm@w, mhoremetp@noanmg pmipyerr egi ons

uner 14 NLGLEARSELS] 30 AL AR L 8lec 123N RhIRE b el ne L over 1€

structur %n{lﬁmemﬂﬁ&nut thhi ig @6n -t &R FRtesp e td the\wnedpselnsanstdtiantsolgBew t hi n
| C package 100. Any suitable flow barrier, or conbination of barriers, my

be utili Zw#- W@U@gﬁ@ww%ﬁou@wbﬁrdlémf’a%gftﬁnmvltqlsglocgty@h(oaéo%ﬁ@) imignoREE t i ng
coat i ngs, é)ta@&%stlro@”&sﬂﬁeine&% Wbl ﬂ?esﬂ&%féﬁﬂahggé 1§§| H ¢ én?t&‘od% jihgge and/or

ot her fe Vari ous exenplary enbodr nme arriers are

i |1 ustratmd- watlﬁg &BSer ﬂ)ﬂjbtlhp@sﬂ@dmealietwééﬁ)tﬁ@ﬁﬁ{p(%@MRETCldﬁDZOlerl&BéSO
Ref err| ng to ELG 2A, in one enbodi nept, a dam 205a |s di sposed_on the
first2Quragyof inforcgpnesisdfaad h 9 re hehenmresmsdayes ¢ OB maitits dactiow ot any

o 2= SR P S ) ol oL SactsaE i s, o
exanpl e, wdtenghyei2liBhd may @ogirisc ang slultyéiamaeuanallm combination of materials that is
non-wetting with respect to the encapsulant material 150 (e.g., fluoropolymers, etc.), and
may be disposed on the substrate 110 by any suitable technique (e.g., by spray-coating
25 using a mask, by photolithography, by dispensing using a needle or syringe, etc.). In
another embodiment, the non-wetting layer 205b is disposed on the interposer 130 rather
than substrate 110, and in a further embodiment a non-wetting layer 205b is disposed on
cach of the substrate 110 and interposer 130.
Turning to FIG. 2C, in a further embodiment, a trench 205¢ is disposed on the first
30 surface 112 of substrate 110. The trench 205¢ may be disposed at any suitable location (or
locations) in lower IC package 100, as desired to inhibit the flow of encapsulant 150. In
the embodiment of FIG. 2C, for example, the trench 205¢ is positioned between the
periphery 126 of IC die 120 and the set of interconnects 140 and, accordingly, the trench

205c¢ inhibits the flow of encapsulant 150 into regions of IC package 100 occupied by the
-10-



5 periphery 126 of IC die 120 and the set of interconnects 140. Thus, the
dam 205a inhibits the flow of encapsul ant 150 into regi ons of |C package

100 occupwecotryoseatier connects 140. The dam 205 rmay be ceoFtusacitiocsse om any
suitable materials (e.g., netals, polyners, conposites, etc.), and nay be

bonded ta the substrate 110 ny suitable technique (e.g., by an

adhesi ve nisgFopayto A t&‘é‘F?%B% ey gaiqraﬁﬁwéwaiamj Bl ipirignes e
enbodi mentehidd vl s HRMLZ B FaskSat AR, 84 )Wk Bndth& dniolIRAR S trdi3fl 2088 ker than
substrate 110, and in & further enbodi ment the dam 205a 1s coupled with

bot h t he dspostd ait e interpaset l3Atrahpober sub8Bate Ad@mndiimg funtheawobhdmeanstbodi ment ,
t he dam 205a 5. forned (integra i L substrate O (or, alternatively,
<" or medRp agie ot ey poulibtlsayt BRePRNE 1 o' Fia 2B i
anot hes enbodiaRAt emBodigtn¥/AtidvBarfiefdd HGicRic hay ekteAdarddh®Pa Fgériﬂl&ja gsed on
the substrate's first surface 112, wherein the non-wetting [ayer conprises

a mat eri ghe figd20jagd opuglethe regombetivceethgdes 1 2dnndHatceeangssul HhtFarat er i al
150. Th -wett 0 : i . at i £
150-| The SRR S AORRIIEK BT 9936681 B0%0R ) aphe oSl or

encapsul dntispdded ohnhofist antwedil B BT subktigte NOO-andtis positidnay oh tROSIDsirste first
positioned between the periphery 126 of |IC die 120 and the 20 array of
i nt er conrftERee hlobchwern thedice2grad arrpgion o qeaupisddy iaipesonpesthl4thni bits the

f1ow e@&%g(ﬁ%gmn?%ddﬂh&trtﬁg hBGz%a?Jier'(g%%gSﬁg@ﬁ) 3;10905_%2 EMBARLnBYely

i nt er connect he non-wetting | ayer y conprise any suitable

mat er i al apouncichbilirat poviphadfy IPat kowales it btter embodimentst 4 flog bairidn negshpect t o

t he encapdgul ant material 150 (e.q%, fl.uoro ol%/mar , etc.%, nd may be

di sposed BFORHRIUNAEY PAT @F TPaYs BEGAKS QF vaids PR c8Ist Wiy sfyety ee.fSYYvaw

spray- coakhRg|cZm SR dEhoRiMER Kas AYwWRROFRY I I QGTRPHMriclO¥. odIBBENSH208L Wi Ng a
needl e or syringe, etc.). In another enbodi nent, the non-wetting |ayer 205b
i s di spos¥dcomay bemprites ppbeelity 18 Ocpaadth discieheagicmenss thag ttegetlicd, inbibd ther a

furth dj - i | 205b i ' ed h of th
Subst Tt drors ot Ay Rpl7 sl BRur Rt ShyeRinist (8 BRREF Y Fbtheet "
embodi mersluraBtytdfeiehet@ ORmehS dilipsfRsseckhe Buishetef 1105br irsasef 8319, dhidhek

substrate 110. The trench 205c may be di sposed at any suitable | ocation (or
| ocat i ongdiscreie plssnts|nEypaportye PaoDc Aectided dedeest(e-gi mivapiaitor. HesiftPlow of

encapsul 0 t he . emrhaodi or exanple, the trench 205c
IS posi t?Q%%?bgﬁ%@ecﬁnﬁ)ﬁ%qgg%gﬁgé& Jﬁljgdtb%r "%%Ca%)e 120 and the set of

i nt er connect s ReABragaowao EGA3, idhstratddie ah embodin2@bef 4 pdvkbid-en-phiskafd ow of
encapsul ant 150 intaq re%i ons_of |1 C package 100 occigi ed by the -10- WO

2012/ 08237ePrrresds P70 25 50P rhcabbbiireer Y davplowen i preieh 1908 #ay be
formed usyg RacRils ). 9. M AUELE §00 may Y BHENANCon Y. HBGRBANiRinis DY

| aser abl ation, etc: n anot odi nent, 205c I's sposed on
t he i nt erqfadewerll80packadradestiiiad hewdist Aatardibg@o omnenbaedimefity tavwre ICpatloge rent a

e o ey e G Sy e e L SRR ™

more memory devices. In another embodiment, lower IC package 100 includes one or

25 more processing systems and upper IC package 300 comprises a wireless communications
system (or, alternatively, includes one or more components of a communications system).
In a further embodiment, lower IC package 100 includes one or more processing systems
and upper IC package 300 includes a graphics processing system. The PoP assembly 302
may comprise part of any type of computing system, such as a hand-held computing

30 system (e.g., a cell phone, smart phone, music player, etc.), mobile computing system
(e.g., a laptop, nettop, tablet, etc.), a desktop computing system, or a server. In one
embodiment, the PoP assembly comprises a solid state drive (SSD).

Upper IC package 300 may comprise any suitable package structure. In one

embodiment, as shown in FIG. 3, the upper IC package 300 comprises a number of IC die
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the die 120 and through the regi on between the die 120 and i nterconnects

140. For exanple, in one enbodi nent, as shown in FIG 2D, a barrier (e.g.,
205a, or W03b12/08237205c) i s di sposed on the first surfaceCIAB2afi/os25b&t r at e
110, and is positioned on the substrate first surface 112 between the die

120 and regj 5 occupj ed by . interconn s 140.. 10_Accordi to one
enbodi neﬁﬁpamgffﬁm%wﬁ%n % bpkage %&bstzﬁggffé-of\ ey Oéws%%sg%? irely

around t he. i1 BRRdPE&Rf ikblic BOYEYeHDL, 300c Rliti®he BFRRM HBAE SihcRdfc! OW
barrier may be discontinuous and one or nore breaks or voids may exist in

thi s str uatloreithBybsteage 310. ek ampdiog niatero 852 may dic eaposedases thowhe 320aRk G 2E,

a flow barrier . O.~ 205a,. or 205b r 205c C rises . a urality of
epar at o saputE Bion otp Binpla oot il STABRERF SRl
encapsill ané upRP I1C pAckegt 380 fdbhREIC pAdkAEE MBMIn chelchMydddnt 1tBE sd¥@Y conprise a
plurality of discrete elenents disposed on the substrate 110 §or i nt er poser

130), andnteresacds 310 &e soenledrwith shawsy obisrpinplsd S asdhe/mtapesst 13Gal devi ces
(e.g., a capagitor esj st i . i i f t.h and/ or
bt hor dovi cosywohaf deisEoRBsstt SRR bomblfae Y AR AL Rl b EREE £ 0r
package- anpgie shgevidihd fef)icassarinycaB? betheen BeRipasisaniibyeBll2pdckagaddes a

| oner | C package 100 and an upper |C package 300. Lower |C package 100 may
conpri se lé)Hy3QiﬁeA<eﬁordlﬂ&t0e<hWb?éﬁp@mo eéet|ogmﬁr09@eﬁas&é&g@n@@§%%%%@Yher ei n.
Accor gy n i gmgg 1 nor e

pr oceg(bsi %\bgftsgl;ggﬁgurrrgﬁgg% upget?et\%v% pé’é’?g&g@ 00 |t#%?ua@gg%gggg)rf%errgenemry
devi ces. pankepediOiend drsodstreend 0 dfowper 1(Cpakegad@ (bothapsol wddsnaioe vwath 25

nore processi ng.systens and upper | ackage 30 onpri ses Wi rel ess
Communi odth &8 SE54RE 0Bt Of B EREAR G STREREAHO) oReOBET P Bofdonent s

of a compyp cakdpRg (e plutdlitiditteb Rt STOOD B Re, il MBI buRRRkRge 100
i ncl udes orie or nore processing systens and upper |C package 300 includes a

gr aphi cs thatosaygitigy tgnes o mterThmcPtsRnd ssaerisils/arg Passity. boensrangdpaett, e any

ol T DhorboRereBlEhE > 0aLpd S et MMy BB bR P G ©

(e.g., athapwapiCpetiagp.l0d.ablet, etc.), a desktop conputing system or a
server. In one enbodi ment, the PoP assenbly conprises a solid state drive
(S SD). Upper Inenpgeikadimcapes Hiptraisapr Fe 3angap 4Pl aisy exishedtagen &t vRRst ur e.

In one e i in £ I 1€ rises a
number of i e B0 R ) o BBl oub BETHERE HBeER o

di sposed thaisubsfrate Bagenayubstupai eheFhOapshlantiidrerWatrewhe albonats 33Q cothasthei cal |y
connect each of the die 320a, 320b, 32Q0c with one or npre of the other die
and/ ofV widnRarsulsat k2 hopngapsalapbimdy g ubitecdrip spntsgidhoyndselidrehbieycever the
die_3202- 6o fdpsiPIs0 Bl Lublaic 46 A hhd & AR ATRARkianPoP) ural | Ly of

I nterconnects 340 couple 5 t%e upper | C package 300 to Ioﬁer | C package
100. | n anerenbods 3dnt, the set of interconnects 340 are coupled with the

set of term naflfmi%g%ogvr}otlijfa éll,r}hl?srn%?e%%g ar:{' :e)’r?lbodiment of a computing system 400.

The system 400 includes a number of components disposed on a mainboard 410 or other

25 circuit board. Mainboard 410 includes a first side 412 and an opposing second side 414,
and various components may be disposed on either one or both of the first and second
sides 412, 414. In the illustrated embodiment, the computing system 400 includes a PoP
assembly 302 disposed on the mainboard’s first side 412, and PoP assembly 302 may
comprise any of the embodiments described herein. System 400 may comprise any type

30 of computing system, such as a hand-held computing device (e.g., a cell phone, a smart
phone, a mobile internet device, a music player, etc.) or a mobile computing device (e.g., a
laptop computer, a nettop computer, tablet computer, etc.). However, the disclosed

embodiments are not limited to hand-held and other mobile computing devices and these
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Each of the interconnects 340 may conprise any type of structure and

mat eri al s capabl e of providing electrical comuni cation between the upper
and | owerwDQopaskzges 100, 300. According to one enbodi memtus2eihecxset of

i nterconnects 340 conprises an array 10 of sol der bunps extendi ng between
bond pads 180.on the interposer 130 of |ower |C package 100 and, the
substrat & lra?ntwﬁéﬁnfiepﬁ‘a@fea@&l 3ber tefb%wfr&aglpv Dg ORBT I G PO ar ay
of col uMmgnaREsOindRf%rdi sposed on the substrate 310). A solder reflow
process may be utilized to formthe plurality interconnects 340. O course,
it shoul d be Wdiebsirddd0 nkatcompnige anshevitablgpese diciicnit @pardometdices suntrate

mat eri al s_ar ssi bl e. .In.one enbodi men the 15 array .of interconnects
390 al <o cariPis RERRRR: Ladtio SaBiRRTER bermisiEens o paRbedle WK% o the | over
| C packag@mpdfents disposct Bn PELSIP OB dHRHmbodfmdrt, a6 bxamiRe thdmkinGoard.418 gap
395 may exi st between an upper surface of encapsul ant 150 and a | ower
surface compuisetd prirtc@eiocuil hpaghdiHdrcoamsioigrrautiplernialdaynss sepeeatghiiomay rest

upon the Oﬁ]tg %%gt&&l l?ﬂﬂlle laégpof (}{\QE&E{; h%geyrﬁag g&% {n?%r?on%égtte% 82 %I%(C\Eriscﬁltl{' ﬁo&ﬁgtive

encapsul a ncapsulan zZe ontro e stand-of f
hei ght betiaseesnyt e drmh@t pogRrmd30apdre nty ibs foraied iB 2QAesirg, cikkan geatterh@ mai nt ai n
a desired height of .interconnects ning nowto FIG 4,

] > > 340. Tur ni ng. n
i |1 ust r at@dteisPeahpDa ihertiwsHOn sfith-othes ipgitli lagers y stesmicabpenatnbetegat B 400
i ncl ugdes SOORR i : i her 25
ci rcwﬁf bcgg{}gﬁaﬁ/éf%éard 4%%%%1{: Jt'J é?a V%?s}?s@%ig&ﬁg an ga{fr%{tct)%%osi ng
second sidielebtd embandimeatsi apeisotdonip@inte nhsabory-doscribied PO Bexhdo furthiet, ket one or

both of the first and second sides 412, 414. In the illustrated enbodi nent,
Dhe computs b 4t EiSemPcs dethe PBISTERy 302 di aposed on the

mai nboard' s fifstotsd A8vE1dspRBHLAR BSSEIRA 1 FQRaiBYArE TP IsiaSIPARYerRbly t he
enbodi nents described herein. System 400 may conprise any type 30 of

conput i ng308y dihe MoPsssimbdyg 362 mapdometist aoumpet Ihpadkegs $@0 ¢aaipled, with ¢ &iwerphone,
bile i.nt & devi i | etc, . mobi |
conput ndCaboked B elOhah A Bkl p b B B oY Bt Gpd o B ff®™ ' ©

conput er ,coaftenation DB WRYEAted LitCuifld §6dc8S BtlomdiRis dimBhtStha PR PRGécniblyBO2d t O
hand- hel d and ot her nobil e conmputing devices and these WD

2012/ 082379lpdsT/a0B 20 OF DOXEST RIALRSINEEHe ntgrap RIAPIRERISINGYbieR. p Aigdelher
types of Cp‘%ﬁgégwﬁ%gs%te%{ Séﬁﬂﬁesssc%%ﬂn@ﬁ%agﬁgb§ s, Ong&é&[P%?@egﬁng gyrsYe%, -

S
Mai nboar conprise any su pe ‘of CIrcul oa or "ot her
subst r at ehgapabhentdry prsovd isngnliegions cdheeamdloniodat spyierhetweds one or nore

of the various 5 conponents disposed on the board, In one enbodi nent, for
exanpte, etﬂﬁpdﬁﬂawb%ﬂgl%ddlawpe&ﬁw P8R &sssmbly 3Q%ePreRTIEH R ﬁymwa-%ndépct)-

COMPr i S1 o\t iPUBuTPSAINb YRS TGRS YRS AOLBPHmAY] & @Y er of

dielectric materia I nt erconnect e y electric y conductive vias. Any

one or nmoretiofarttyye orelab of Ky descasa lixe itfshontddeinoted thigsinrsechecinttmdirhenpat t er n

to other components may be disposed on the PoP assembly 302. Other components that may
be disposed in PoP assembly 302 include, for example, a voltage regulator and passive

25 electrical devices, such as capacitors, resistors, filters, inductors, etc.

The PoP assembly 302 is electrically connected with mainboard 410 by a plurality
of terminals 170 (e.g., lands, solder bumps, metal columns or pillars, etc.) extending from
the PoP assembly, which are coupled with corresponding terminals (e.g., bond pads,
bumps, columns, pillars, etc.) on the substrate 410. Any suitable process may be utilized

30 to form electrical connections between the set of terminals 170 of PoP assembly 302 and
the corresponding set of terminals on substrate 410. For example, these mating terminals
may be electrically coupled (and perhaps mechanically joined) by a solder reflow process.

In addition to PoP assembly 302, one or more additional components may be

disposed on either one or both sides 412, 414 of the mainboard 410. By way of example,
-13-



route - perhaps in conjunction with other netal layers - electrical signals
bet ween the 10 conponents coupled with the board 410. However, it should be
under st oostot2hetoseive di scl osed enbodi nents are not |im t @dTiUS2011862550

above-descri bed PCB and, further, that mainboard 410 nmay conprise any ot her

sui tabl e supstrate. As not e bove i sposed on_the first side 412 of
i nboar dSAIGH &) ¢ ﬁ@preas%oémn_ﬁnt@,%fa TS bpﬁ}ﬁlﬁ&%ﬂ?éﬁ%ﬁ@ﬁ@wdﬁéﬁ o6 se an
upper | Cpagkaee 1 3O Ung QHn‘@F?‘Q%%M 4dlb5}na_l3pwlad[i%ﬂo§ed &n BRGKAIE0PQ oppSsify §Y¥d ?usl y

descri bed. The PoP asse 2 may i'nclude any desired conbinhation o

i nt egr at ed 4ciAdsliticnabiennpoasnts that ory berdispdisereert the nrantReR! Asiertudy oBERIC

i ncl udes any ope or nore of .a processing syste a gr.aphi cs processing
system  ACSICGh N prEEEle dvEyE EMOTE nTTr et Bet erthEie AT SR LY EYem o

net wWork RioafiReSEdidn Weiceted, kv RRliverd cORIPBAMts @sg.yx@bdltag_é ré@MdNat i ons of

t hese and/ or otherlgéstens. I n one 20 enbodi nent, an |1 C die disposed in PoP

assenbl y MOZT by pusads 4 batfety eshdirr-nansiye {SaE) su¢hoiserapaciior), §adandohe
understo hat. . . | $G)O e B - Jm a riticul ar
type. o aneisdhifubLRIas Ear IR RIS A hud b ARG e TRl

enbodi mendrethedUhi@rentodpoioenich agayolsh sdicspddpthypimd/drer fraphiasdiepthy,\eta3)2.

O her conponents that may be disposed in PoP assenbly 302 include, for

exanpl e, % WA a4g¥ crRfiRbene! Ray pdLsioter devigrsedp apeasr dekAdieant, Whch as
capacy Orc%mglruﬁﬁé §}§s%n§ 400 ch\%ﬁi{eﬁa rd(ﬁ'&g hlsBlctd llgntagfurther eirnbOEPrﬁ ffofpcassenbly 302

is electric y-connecte mal nboard 4 y a plura |%y’o? termnal s
170 (e. g.conlpatidg syssavh d@0 inclirdps a cowlingl sobwiounimsyco angahédrl cartedinedne, the ext endi ng

fromthe PoP assenbly, i are coupled wt orre ndi ng term.nnal s
(o M ahnyae S el e emhEatgry IRt eRel SRORRECG Bt 10. Any
sui t abl e ApQRHSEH: ABosLE within 4 K&Hig0 to form el ectrical connections between
the set of termnals 170 of PoP assenbly 302 and the correspondi ng set of

term nal s on Rdjstringtie FKI.0, ilfptrated anpérabodiments ofranictiy dtad mpdkmegd slowey [Ge

el ectrically coupl (and. per.haps hani cal |y joOi a | der, refl ow
ot ocebt - PackeE o Gl FHRE AR R RS BB 6 b rBrERGH Rl ST F gk
conponentassdimily bas ditBab adbletk 810, RaE oPARrOIC Pietake stadR&d lkubdide, ohd ihe
mai nboard 410. By way of ex%%EIe, -13- WD 2012/ 082371PCT/ US2011/ 062550 as

shown i n sPRE eMbgdinedits sbwsisHehmstaioh maynky dseosid dstrsesd apdCrdivad thst  si de 412
o e TLAREA AT ROl S RIRRN BE  PASRIAANES, < one
on the ndllndesddn410S| he iiudegtotines wel deld aesmpenydng teit SnesyRi Agsddmiices,
Rl deix ibfoeci’528,i a%ni%!ceq?ors(e)f i%scglilpnlgd \qv?t\lllitﬁee ssu’bstrV\gtE ?sleg,s es.g., interposer 130 in any of
the embodiments of FIGS. 1A through 1L). As set forth in block 530, an encapsulant is
disposed in the lower IC package (see, ¢.g., encapsulant 150 in any of the embodiments of
FIGS. 1A through 1L). The encapsulant 150 may be disposed in the IC package using any
suitable technique, such as by a syringe or needle dispenser, by molding, by stencil
25 printing, etc. In one embodiment, as set forth in block 515, one or more flow barriers are
disposed in the lower IC package to control flow of encapsulant 150 (see, ¢.g., flow
barriers 205a-c in any of the embodiments illustrated in FIGS. 2A through 2E, as well as
the accompanying text above). According to one embodiment, the substrate and
interposer are constructed as part of a panel or strip, and one or more of the
30 aforementioned assembly processes may be performed at the panel level, in which case the
discrete package assemblies are separated from one another by a singulation process, as
set forth in block 535. In yet another embodiment, as set forth in block 540, an upper IC
package is attached to the lower IC package to form a PoP assembly (see, ¢.g., FIG. 3 and

the accompanying text above).
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5 communi cati on devices, etc.), power delivery conponents (e.g., a voltage
regul ator, a power supply such as a battery, and/or passive devices such as
a capaci twoepr2aised7one or nore user interface devices (ePgT/USaniaczis® i nput
devi ce, an audio output device, a keypad or other data entry device such as

a touch scr ee di s apd/ or raphj cs. displ.ay, etc a any
conbi nat T on of TSRS SR Bt HarS iReeagibof N tnser CdiSal A puglf
conmput i NgF1g%s b &MhHAGh PRCEIHSSERS radh @i, aid flsBould Be ﬁn&éﬁt%@{ha{em@&d' ”Eﬂt

t he conputing system 400 inciudes’a cooling solution. In yet another
enbodi nmerembodirecnds wp uetitany fepsteon andiniodoherdenanhe asedgnaay combmpetiora Kair t her

enbodi nent, the ass I 00.m [ hi n hous n Ref ef,ri ng to
o e T bl afeg Y o e e et TRPRET A b 3r R b R oy

packag®, @y ofeld oths cMbodGhémPddsbebddwesinl ByRasKFderth@ e@ﬁ‘mielﬁp@dy dféhpac kage
toforma oP assenbli/OéVAs set forth in block 510, one or nore IC die are

at t ached ampogdimems et atoaver Hnpagkage dmtr@tﬁﬁ@ul?lrﬁe%tlé thrpughddrmiy formenagrafal rray

be di spo e 9.

r0n. o TR RSHET T Bl D N e R E e B o &6

| At hrough “fikst sias”,Wetdondsidehe fm@ﬁffmﬂyfse@ntiemtfa@d?pa&ﬁi)so o‘i«ﬁaﬁ:aisedl beretn 20 in
bl ock 520, an |nter poser is coupled with the substrate (see,

i nter pos ep desspib Pﬁaraw featugen of W%ﬁﬁ@beqllmp@s Haweven rlfoibehldlh_e) "As set

forthygn pl

(see 10. Jﬁd 9%%’8?3%&% ﬁ%‘é In %E%ug O?Lezﬁgﬁn‘g%g:%t Sasg?lﬁ‘%t&éﬁ‘e %%ﬁr ough
1L). The feattuwpandl ambodlﬁféntmijrsch!sedih&pbs(ecg,i“mppdreide(’; ‘Nae&ragde’usippgr any

sui tabl e tefchn,l f a syringe or needl e dispenser, by nolding,
by stencit3% pr Wffﬁﬁac%t’éw tn one enbodiment, as set forth in block 515,
one or nore flAWBHBLEHELSbAS @m%cﬁﬁ@ﬁt@%dy”bxhhﬁt ée@%fndt&v&ﬁﬁkﬁ%réso TRent rol
fl ow of encapsul ant 150 (see, | ow barriers 205a-c i'n any of the
enbodi nemosnhmdtlostOf teguterpose m enQaqosullanmﬁghe@E:e paskage Marpege dhang@cconpanyi ng
t ext b g( one g 8 bl re}a%‘e and interposer are
const 8 p%% u;Bea?XC 8% E5p %tnrgﬂo GIBP?TF‘%“ S?au%} SHL 6P " el BT g ha*BeEe

af or enentdf@ﬁ@ﬁnaas%ﬁibhy(epg 04 @8SHR Seriffatlfe) PSIhatd s t@dicd R cRap@stciangl , 1 n
whi ch case the discrete package assenblies are separated from one anot her
by a si ngh¢ eembinatinmoefdbe mtefgosseang grreapsulant ghp dk s@BGembedipents aprieriatly

enbodi ne | r ached to
the 1 oner T AL AR et Ul ooty ol Rt RPKRIRG, Ry 0TEC

acco npany‘emgettgﬂveﬁbaﬁ/ﬂﬁ): warp¥Qe 20 112 082 3%EMCTY. UB20ditibAGRS Sderposer mafuner ous
enbodj ment s have been descrl bed with respect to FIGS, | A through 1L, FIGS.
2A t hQugHoviee Passo mate withsbumps ypthsr ¢ernunaly) sytondingfmm thogwpahlter st ood t hat
t hese e f ahog used in any
conbi na??%ﬁke{%%ﬁrecggﬁp ,ésgénlglh%ﬁ]%%%ﬁ?gvt\} ggtrerl ershﬁaﬁt@g%@eﬁga n FIGS. 2A
t hr ough ZJRtermyndms bttwkerzihd uppdrtand lange Iﬁ)fpatkugestbmprlmdmdnpmn{b&nqbescrl bed

her ei n. further anmpl e of. the enbodi,ments o wer | C
Dcknge REET b RiRE el TR Ghicatime i e PenRaRE SoPmNEse assenbl y
(e.g., S%mﬁh@e nﬁ);alfghn@nﬁw’m&léﬂ A8 uﬁlye%taﬁm&@ergc pa§1@£‘ge§hﬁ% fﬁ‘&her%%ﬂ ter s
such as "first side", "second sid first surface second surface", and

so on25 arredm@dnfm’f éolldeluomdi dxburesh eMV‘aral S@L@r bempmg<§sepaﬁ n@h@edhka thsed

enbodi melé we shgu 3hbe 10 §1od t hat an swé1 g

nomencl at'l 8’08? %’Fﬁ? ?1%%088’;? ey HEPReL & P%C “t“heéf%%%’b o kg Borl 4 and

enbodi mergastedayee kOl oReh&interpdieis, withip ﬂ%rscﬁlbed@fthe disensdd EhistRiimentsipper

surface", "lower surface", etc. ﬂ%w The above-descri bed enbodi nents may
gEICICR

exhi bi t JAVEEENOTRGNEAAIION jo Pat prsl nagkasicrsiifiness, Be cneapsilabiedaposer and
encapsul aﬂ%tegtaa{?lyrledcﬁg 81519@3%5 %ﬁe%&%%aqgéée%d reduce die cracking. In some

30 embodiments, a thin die (e.g., a die having a thickness of 250 micrometers, or less) may be

disposed in the lower IC package, and the encapsulant can protect such a thin die.
The foregoing detailed description and accompanying drawings are only
illustrative and not restrictive. The figures may not show the actual size and/or scale of

features that are represented. The figures have been provided primarily for a clear and
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15 tenperature cycling (e.g., at reflow tenperatures), and can al so reduce
package war page of the final assenbly (e.g., at roomtenperature).

Si mul at i omogbidisex1have suggested that the conbi nati on @®CTiuseolnsBsEOSser
and encapsul ant can, in some enbodi ments, potentially reduce by over half

t he war page that .occurs dupin enperature cyclin further, reduce by
over hal fC%fIWéQW&?lﬁ%lﬂ% Gftan gﬁ%ﬁ%&@é%ﬁﬁ?@ mﬁntég?f?fl? BROCCERANY nt er poser
may 20 pﬂﬁﬂﬁﬂ%n?@Q%o%@uﬁ&ﬁ@o&ﬂHﬁﬁgﬂﬁ@SNﬁﬁknﬂﬁgﬁﬁnﬁﬁgGb@§$ﬁ9aﬁftend'ng from

t he upper | C package, which elimnates a bunp tip-to-bunp tip interface
that can roedificatisine taethi rmbodioraneodescrifedbsenntas evalipp eltcaativd famlgem@ltp,ac kages

cngngenertd B Rgeaamer R et Do el g et LT ARl "and

| ower 4 C pafoldasass Qfmjbhefswﬁehﬁ"che dpp¥nded dgfdce non-wet sol der joint
failures. Also, a solder bunmping step is not needed on the interposer prior

to attachnent to the upper |C package (however, application of a sol der
paste |layer to pads on the interposer is within the scope of the disclosed
enbodi ments). Furthernore, in addition to providing increased package
stiffness, the encapsul ant can protect any IC die disposed in the lower IC
package and reduce die cracking In sone 30 enbodinents, a thin die (e.g., a
di e having a thickness of 250 m cronmeters, or |less) may be disposed in the
| ower |1 C package, and the encapsul ant can protect such a thin die.

The foregoing detail ed description and acconpanying drawi ngs are only
illustrative and not restrictive. The figures may not show the actual size
and/ or scale of features that are represented. The figures have been
provided primarily for a clear and -15- WD 2012/ 082371PCT/ US2011/ 062550
conpr ehensi ve under st andi ng of the disclosed enbodi nents and no unnecessary
limtations are to be understood therefrom Nunmerous additions, deletions,
and nodifications to the enbodi ments described herein, as well as
alternative arrangenents, may be devised by those skilled in the art

wi t hout departing fromthe spirit of the disclosed 5 enbodi nents and the
scope of the appended clains. WD 2012/082371PCT/ US2011/ 062550 CLAI M5 What
is clained is:
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1. Alower integrated circuit (I1C) package, the | ower |C package for
coupling with an upper |C package to forma package-on-package assenbly,
the | onerwbQopzisk¥rge 5 conprising: a substrate having apCirmseoiiogzssand an
opposi ng second side; an IC die coupled with the first side of the
substrat e; an encapsul ant, the ﬁni gsulant di sposed over at |east a
portion of a surface of the die and t | east a portion of the first
side of tRgaSuUbsifK& | 10an interposer having a first side and an opposing
second side, the second side of the interposer facing the first side of the
substrat e; nunber oser
with the substrate’Aﬂ£§k%hgé%%BQ%gﬁﬁ ﬁ$§%&&§SQ¥£%g%%?ﬁgﬁ&&g%?%ag@,ﬁﬁ

first sideitloén tpyer il(hpecrmgseffonhh@apkageain-p@ckmge dsSerhlddy ntho &dveerflGrpatiagri ng

el ectrical connections with the upper |C package. 2. The lower 1C
package CPTISING 1, further conprising a barrier to control flow of the
encapsul ant . . The |l ogwer | C package of claim2, wherein the barrier

inhibits fIomﬂUWbﬁﬁéeBW@%@%ﬁW%ﬁﬁmﬁﬁﬁaﬁQpﬁﬁﬁﬁﬁﬁﬁ%é¥$@$ i nt erconnect s.

204. The | ower | C package of claim 2, wherein the barrier conprises a
structure selemﬂédh¢ﬁ@nﬂ@igﬁbﬂpﬂbﬁhgd%Q$hgﬁﬁﬁﬁwfdanl a coating that is
non-wetting with respect to the encapsulant, and a trench. 5.The lower IC
package of cI aanmngapswhet, ghaeraamsotant ditspmed bher & dﬂaﬁmpaordbn phesur@cdio€ thes

subst ant i free of encapsul ower | C package of claiml,
wherein t %a %%gh cafi@ p@ﬁf@}ﬁaﬂ%ﬁg} sige 0 ‘[Efle substrate;

10 an interposer having a first side and an opposing second side, the second side of

the interposer facing the first side of the substrate;

a number of interconnects electrically coupling the interposer with the substrate;

and

a plurality of terminals disposed on the first side of the interposer, the plurality of

15 terminals for forming electrical connections with the upper IC package.

2. The lower IC package of claim 1, further comprising a barrier to control

flow of the encapsulant.

3. The lower IC package of claim 2, wherein the barrier inhibits flow of the

encapsulant toward the number of interconnects.

20 4. The lower IC package of claim 2, wherein the barrier comprises a structure
selected from a group consisting of a dam, a coating that is non-wetting with respect to the

encapsulant, and a trench.

5. The lower IC package of claim 1, wherein a portion of the surface of the IC

die is substantially free of encapsulant.

25 6. The lower IC package of claim 1, wherein the encapsulant extends over at

least a portion of a surface of one or more of the number of interconnects.

7. The lower IC package of claim 1, wherein the interposer comprises a frame

having an opening.
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| east a portion of a surface of one or nore of the nunber of interconnects.
7. The I ower |1 C package of claim 1, wherein the interposer conprises a frane
havi ng arwoperresgi7t WO 2012/ 082371PCT/ US2011/ 062550 PCT/UB201The2ssower | C
package of claim1, further conprising an underfill material disposed

between the I C die _and the t si .of the substrate, wherejn the
encapsul ant ¢ tactEh gPWF%%SETsPaC a%f‘o‘?fd TR bATIE CaRaENfE A U gl limgterial

9. The | Mo sddbARELPEE 10T C Rl AR First §dE Bbﬁ{e SHOSR, %&H&&l@tﬁ%l&ﬁpé‘ﬂsuﬁﬁt

wi rebonds electrically coupling the ICdie with the substrate, wherein the
encapsul aontacts atliceposmutiaver thaundeatl magerelof t he wi rebonds. 10. The

| oner | C package of claim1l, wherein the substrate is built up directly
over the IC di%. The lowddIC ﬁ'atckagmﬁb:rlaihﬂ pﬁmﬁmgempﬁsingaimm;er sfherei n at

| east f the pl 0 | ) |
conauct | vergads therpal ipline ek o BBt KrCRUORRRELGN wi th an

el ectri Cadliﬁésé@&%ﬁiﬂeyﬁoﬁyapthwl%ehaw fromthe upper 1C package
12. The |l ower |C package of claim 1, further conprising a second pl uraI ity

of termnals diyspo e ,
plurality of ?1 é)rs m na &e}@p&gg%t%%%ﬁl Q‘{:hghé?ﬁ%ég?%{a %\Pél?lpﬁ%aﬁg age

W th a cioveuiht [0akk.d. 13. A package on- package (PoP) assenbl y

conpri si ng: a lower integrated circuit (1C package, the lower I1C
package includiing arteubstr /&t gachagd Gfkldn 1, ierdh delcaRdn@bf @PRAFLIRG ofecond
side, an 1C die coupled with the first side of the substrate, an i nt er poser
havi n§ a teinpisgls spmarisesan skechisphs corslustropatl. dicadicapable alciesmingant i r st 20
side of t I ing the
nt or poscrCith o REb e Bt AT BReuRby BB EARARRY e BLRE HER IR Sposed
over at Ipmakdgea portion of a surface of the die and over at |east a portion
of the first side of the substrate;

12.  The lower IC package of claim 1, further comprising a second plurality of

terminals disposed on the second side of the substrate, the second plurality of terminal for

15 electrically coupling the lower IC package with a circuit board.
13. A package-on-package (PoP) assembly comprising:

a lower integrated circuit (IC) package, the lower IC package including a substrate
having a first side and an opposing second side, an IC die coupled with the first side of the
substrate, an interposer having a first side and an opposing second side that faces the first

20 side of the substrate, a number of interconnects electrically coupling the interposer with
the substrate, and an encapsulant, the encapsulant disposed over at least a portion of a

surface of the die and over at least a portion of the first side of the substrate;
an upper IC package; and

a plurality of interconnects electrically coupling the upper IC package with the first

25 side of the interposer.

14. The PoP assembly of claim 13, wherein the upper IC package comprises at

least one IC die disposed on a second substrate.
15. The PoP assembly of claim 14, further comprising:

an electrically conductive pad disposed on the first side of the interposer;
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an upper |C package; and a plurality of interconnects
electrically coupling the upper |IC package with the first 25 side of the

i nt er posewo0 2012/08237114. The PoP assenbly of claim 13, whecegius2atheespper | C
package conprises at |east one |C die disposed on a second substrate. 15,

The PoP assenbl of claim14 _ furth onprising:. an el ec ally
conductive pad” r%&glﬁast&ﬁepﬁelefnlwe ityqf, d%te@fmle%gs mﬁpe?spao%oiﬁer%ump wher ei n

at | east e%&%dﬁlf 8 (R MESHd duBstRite bt @Cﬁl?)%%%ﬁl@ icBRdHASS §d50| der bunp
ext endi ng fromthe second substrate and coupled with the conductive pad.

the loer 10 paskagart s conudy of FHGh 15" S RAMREk Tt BRAE SineLFdReC 1"
assenbl y lofverclGaparkid; towbetrali fiow bethe raegpsulbant ext ends over at | east a
portion of a surface of one or nore of the nunber of interconnects.

18. The PoP aswenblisheqfoms@éﬂmlgz%fcmﬁnsi\nhérbmthmxﬁfap@ﬁeﬁrt ckRNW dweeat a frane
havi ng an openi ng 19. The PoP assenbly of claim 13, wherein the
subst r at ée@fapﬁlélop&ﬁéﬁuﬂf@eﬂf opaeKkEgE Pisthp apmber g ibleFc@BRIYS. over the |C die.
20. The PoP assenbly of claim 13, further conprising a plurality of
terminal's on tie sdCwritbPsisskmbyy of blaim Bswhertia the ingdypodco vempIisCs pdkiege, t he

plurali t)ilof termnals for electrically coupling the PoP assenbly with a
circuit boarg.s"oreHne.

19.  The PoP assembly of claim 13, wherein the substrate of the lower IC
10 package is built up directly over the IC die.

20.  The PoP assembly of claim 13, further comprising a plurality of terminals
on the second side of the substrate of the lower IC package, the plurality of terminals for

electrically coupling the PoP assembly with a circuit board.
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