| NTERCONNECTS FOR PACKAGED SEM CONDUCTOR DEVI CES AND METHODS FOR
MANUFACTURI NG SUCH DEVI CES TECHNI CAL FI ELD [ 0001] The present
invention relates to interconnects for packaged sem conduct or
assenbl i es, stacked sem conductor assenblies, and nethods for
manuf act uri ng such assenblies. BACKGROUND [ 0002] Sem conduct or
products require packaged sem conductor assenblies with a high
density of devices in a relatively small space. For exanple, the
space avail able for nmenory devices, processors, displays and ot her
m crof eature devices is continually decreasing in cell phones

personal digital uters and many ot he
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devices wi thin a gi venvEgelomy foR MANOF At BORKINGESUCENSIRIGIQS devi ces
and assenblies, and many stacked sem conductor assenblies require

adequate electrical interconnects within and between the packages.
[0003]Cbnventiona| interconnects electrically connect the integrated

circuitry gf §§¥¥ uctor device (such as a die) with other
devi ces or stac pac ages. These interconnects can be forned by
creating a via in the packaging material and then filling or plugging

t he via wilP#Eondubiei presentdneantion relqusgo irgerdonhedtyfor parkegedaamisanducier assemblies,
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by drilling or ‘etc an 1nter ose strate 112.
The interconnect is then formed by platlng a conductlve material 114
into the \BACHGBOUMR patterning the conductive material 114 so that
it is electrically isolated. The remaining void in the via 110 is

filled wtdgy @3 O”ds%%édﬁ@u&?@:t ?tddaéts Td&idk h@atkagwgéntchﬁuwo@ aﬂsée%bn@%mh a high

conductlve material 114 el ectrical connects a pad at afirs
si de of t HsnpacKdeécenin hrelatisely deell mm Fpt gxaple, WWeace@@ﬂhibbtf‘pwemory devices,

feature) %troc%ss%ﬁs?%ﬂ;g!a% qﬁd OJtheEhﬁtc%%mg%ewces is continually decreasing in cell phones,

personal digital assistants, laptop computers and many other products. One technique to increase
the density of semiconductor devices within a given footprint is to stack semiconductor devices and
assemblies, and many stacked semiconductor assemblies require adequate electrical interconnects

within and between the packages.

[0003]  Conventional interconnects electrically connect the integrated circuitry of a
semiconductor device (such as a die) with other devices or stacked packages. These interconnects
can be formed by creating a via in the packaging material and then filling or plugging the via with
conductive material, Figure 1 illustrates an earlier interconnect 100 including a plugged via 110.
The via 110 is formed by drilling or etching a hole through an interposer substrate 112, The
interconnect is then formed by plating a conductive material 114 into the via 110, and patterning the
conductive material 114 so that it is electrically isolated, The remaining void in the via 110 is filled
with a conductive material 116 that plugs the via 110. The conductive material 114 electrically
connects a pad 117 at a first side of the package with a solder ball 118 (or other conductive feature)

at a second side of the package.

[0004] One challenge associated with the interconnect 100 in Figure 1 is the difficulty of

achieving uniform metallization in the vias. Non-uniform plating within the vias decreases the



quality and integrity of the interconnect. For exanple, vias having a
hi gh aspect ratio (i.e., ratio of the depth to the size of the
opening) are especially difficult to consistently plate and fill.

Moreover, in certain circunstances the filling process can trap air
in the vi-a that can cause the interconnect or assenbly to crack as
the fill material and the assenbly harden. Such non-uniformties in

the vias provide inconsistent electrical connections and conprom se

the integrity of the netallization of the interconnects. [0005] O her

chal I enges associated with existing interconnects are the cost, tine

and conpl ety ¢ imegrig pigthe prtaeannertaker expmplendgas hagingijagdigh 4speatiatig (khaatio of
vias by ann@Bldt Qe Qfe GHihd bidihePAd 6@ SalRiret toVodh @A ARul Bd BN Moreover,
i ndividual vias In a sequential "manner: this 1 ncreases the processing
time to fomrpetdieciiuastanSisid filhing presésy cdnorapi atrgin tteeviy s cdpycasss thet pferaognect or

process ca ch, [ f |t Ln.inconsi stent. .
sizes of the wbgg). J??ctk%?:;ﬁer glll Er(kjétt%@%}%ftp ?%s%?r{]‘blyﬁgrg%% %L\]/Cé' némdlé]ﬁlgrémﬁes in the vias
di st ri buti gnvidd intdaistenadeantitah cameaioeharmigopipatEssthe Moy eff the trisellization of the
plating and filling processing steps followng the via formation

requi re addiff8HA! processing tine. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0006] Fi gu is sid ross-sectional view of a portion of an .

i nter conne@ﬁoi} n anSYhﬁ'f éﬁﬂ@%‘?s gﬁﬁcéfft?‘ﬁt“éthi ﬁx'éf&,gof"ﬂ%fﬁ‘g'@e% 3 (Bfe Opthi gme and
art. [O0007]omp@titg o fdrfirdk, platife GhOGIMERRS viahalFoMiiRviRf vids ¢ a¢ kBigkion or drilling
sem conductor assenmbly in accordance with an enbodi nent of the, .

i nvent i on. PPEEVBPIAGHIEwires SOrENRE Fiitedual 898 ia dctqapraip! yiaaygs: (his inoreases the
i1 ustrati fgeeydld QHS 1S FRBGHe ks a STRIHRGUSY forming the vias by an etching process can be

much faster, but etching can result in inconsistent sizes of the vias. [t can also be difficult to
achieve a dense distribution of the vias with an etching process. Moreover, the plating and filling

processing steps following the via formation require additional processing time.
RIEF DESCRIPTION OF THE DRAWINGS

{0006] Figure 1 is a side cross-sectional view of a portion of an interconnect in an interposer

substrate in accordance with the prior art.

(0007} Figure 2 is a side cross-sectional view of a stacked semiconducior assembly in

accordance with an embodiment of the invention.

0008} Figures 3-8 are side cross-sectional views illustrating various stages in a method of
forming interconnects in a packaged semiconductor assembly in accordance with embodiments of

the invention.

[0009] Figure 9 is flow diagram of a process of forming a semiconductor assembly in

accordance with still another embodiment of the invention.

{0010} Figures 10A and 10B are side cross-sectional views illustrating various stages in a
method of forming interconnects in a packaged semiconductor assembly in accordance with still

another embodiment of the invention.



form ng interconnects in a packaged sem conductor assenbly in
accordance wi th enbodinents of 'the invention. 100091Figure 9 is flow
di agram of a process of formng a sem conductor assenbly in
accordance with still another enbodi nent of the invention.

[ 0010) Fi gures 10A and 10B are side cross-sectional views illustrating
various stages in a nethod of form ng interconnects in a packaged

sem conduct or assenbly in accordance with still another enbodi nent of
the invention. [0011]Figures 11A-11C are side cross-sectional views
illustrating various stages in a nethod of formng interconnects in a

packaged sgpi.cond SS accordance. with sti anot
enbodi rrent[ﬁb(;&}lft he%é\ven | ogm? %dic%]cﬁosﬁﬂecgorfgwfgs antf%wgd%ﬁlsa?ﬁ\g?f‘fmémeﬂmd
process ofofffmmrmglgxta@nmfmeh'cmpmfkegedlsﬁm&opxamioagﬁémal@%rﬁb&q{ddnﬂe with still another

accor dance mnéh sti .anot.her enbodi nrent of the invention.
embodiment of the invention.

[0012] Figure 12 is a flow diagram of a process of forming an interconnect in a packaged

assembly in accordance with still another embodiment of the invention.

{0013] Figure 13 is a schematic view of a system that incorporates packaged assemblies with

interconnects in accordance with embodiments of the invention.
DETAILED DESCRIPTION

[0014] Several embodiments of the present invention are directed toward packaged
semiconductor devices with interconnects and methods of forming interconnects in packaged
semiconductor devices. Many specific details of the invention are described below with reference to
methods of forming the interconnects. The term "semiconductor assembly" is used throughout to
include a variety of articles of manufacture including, for exampie, semiconductor wafers having
active components, individual integrated circuit dies, packaged dies, and two or more
semiconductor devices or assemblies in a stacked configuration. Many specific details of certain
embodiments of the invention are set forth in Figures 2-13 and the foliowing text to provide a
thorough understanding of these embodiments. Several other embodiments of the invention can
have different configurations, components or processes than those described in this section. A
person skilled in the art, therefore, will appreciate that the invention may have additional
embodiments or that the invention may be practiced without several details of the embodiments

shown in Figures 2-13.

[0015]) Figure 2 is a side cross-sectional view of a stacked semiconductor assembly 200 in
accordance with one embodiment of the invention. The assembly 200 includes two or more
packaged semiconductor assemblies 210 in a stacked configuration. In this embodiment, each
assembly 210 includes a microelectronic die 220 attached to a support layer 230, and a plurality of
interconnecis 240 retained in and projecting from the support layer 230 in a predetermined
configuration. The interconnects 240 can comprise a plurality of preformed pin-like members or

other pre-formed conductive structures. Individual assemblies 210 also include an encapsulant 250
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[00131Figure 13 is a schematic view of a systemthat incorporates
packaged assenblies with interconnects in accordance with enbodi nents
of the invention. DETAI LED DESCRI PTI ON [ 0014] Several enbodi nents of
the present invention are directed toward packaged sem conduct or
devices with interconnects and nethods of formng interconnects in
packaged sem conductor devices. Many specific details of the

i nvention are described below with reference to nethods of form ng
the interconnects. The term "sem conductor assenbly"” is used

t hroughout to include a variety of articles of manufacture including,

for exanpl gwidse & andeie200 an@bemgern@y iigc@mbity 240; OB NisGated embodlment each
i ndividual integrated circuit dies, packaged dies, and two or
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stacked confjguration. In this enbodi ch assenbly. 2 0 |ncIu es
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support er 230 in a predeterm ned configuration. The i nt erconnect s
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plurality a}fpr@(mnddgthmmmmbeﬂmce%ﬁ eatbbamhmel htme\tehehef infesdonnects 240 may differ in
redi stribut.ion | aye bel o e,
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it Egi \F,) |r 33:? %Ifiggee[;%’sg%sfﬁgl 9;% érll glptlée EE]; Odl Br?thg&\g@ts I220 Erle nsertedzlhto the support

layer 230, a plate (not shown), or another type of support member in a predetermined configuration
or array. Thereafter, the support layer 230 (or plate) retains the interconnects 240 in the desired
configuration while the encapsulant 250 is molded arcund the interconnects 240 and the die 220.
As such, the interconnects 240 provide a continuous and uniform conductive structure through the
encapsulation 250 and avoid some of the complexities associated with forming, plating and filling

vias of conventional interconnects described above,

{0017] Figures 3-8 illustrate various stages in a method of forming a plurality of discrete
arrays of the interconnects 240 of Figure 2 in accordance with one embodiment of the invention,
Figure 3, mare specifically, illustrates a stage in which a plurality of discrete arrays of interconnects

240 have been mounted to a support plate 214 in a desired configuration. The interconnects 240 can
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or pin-like nenbers extending froma first side 211 of the package to

a second side 212 of the package. The pre-forned pins provide a

uni formel ectrical connection through the package 210 w t hout

requiring the conplex processes of formng, plating and filling vias

t hrough a package as in conventional interconnects. |nstead of

formng and filling vias, the interconnects 240 are prefornmed in a
separate process and then retained in a desired configuration before
encapsul ating the die 220 with the encapsul ant 250. In certain

enbodi ments, the interconnects 240 can be conf'poseq of a conductive
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because the plurality of interconnects 240 can be forned and arranged

of f-line and then simultaneously nmounted to the plate 214 in a single
step. This reduces the nunber of processing steps and thus the
processing time. The socket 208 can be a device simlar to a test

socket or test probe, as is known in the art for electrical testing

of packaged assenblies, and used to sinultaneously insert nultiple

i nterconnects 240 into the plate 214. Mreover, the insertion process
can be automated using existing technologies. [0020] After nounting

the interc cts 4 Inqur ShraLe
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the die 224 ikk¥ions dlebe20lbR adRéled & B tRENRGBAR 234 of the support layer 230. The support
layer 230 also provides a passivation or protective layer on the active surfaces of the dies 220. The
support layer 230 can be deformable at this state so that optional conductive members 228 can
project from bond-sites 222 of the dies 220 into the support layer 230. In certain embodiments, the

conductive member 228 can be a stud bump formed on the die 220 before the die 220 is attached to
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t he suppert—t-ayer—230—.ne-skilled . in..tthe art will appreciate that

the die 220 can include other bond-sites or electrically connective
features, or that the backside of the die 220 can be attached to the
support layer 230. [0024]Figure 6 illustrates a stage in which the
encapsul ati on 250 has been di sposed around the conponents of the
sub-assenblies 210 to form a sem conduct or workpi ece 213. The
encapsul ant 250 can be conposed of a different materials, such as
t her nosets, thernopl astics, hybridized versions of thernosets and
t her nopl astics, or any other suitable encapsulating material. In one
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such that thgoeneansyl ant 250 at |east partially covers each of the
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exarpr e, 11 e PR, Do Dl dRair Sk T PUERENE RS pli B ppstonce
can be co- pl amak! (wettshowd)earsicthe ackapaiaht 290sis 244 nodfldddietvwerh eteCaBROMiests 240 and

240 after noldin i ndi cated by the rtion 252 of the encapsul an

780, 1 ot Rt Tarfs R BE e@bablitk Bra R 3R4Y pveteh of e ek 3ho. The
i nt er connegibR o34 Be GRdped BLE AP RIEIN! QWBEom IRtk sohhdt REbENEAPSYEARE can be
250 as indicated by the broken |ine and the gortlon 254 of the

encapsul anPerPIped WRYaT| PAPCF SRR IPMSle phe it Al seosWaXEF &3GFupgor dwdgretain

to adj ust maentlbikness Afthd PRISHHARE YA durdp theARSdRE ERER. The encapsulant also
characteristics of the workpiece 213. [0025]Figure 7 illustrates a
stage i n WAKHS g Ees B0 s corsamindtionde &dmpisBIss GpTicelpes ciurdnd slestrignlly isolates
the wiorkpi fiE G ardcimed 1o ANCTIRARLAIEDE e LR WRLLRS i

pl anari zed anc} or 'etched to renove the %a?s\gﬁ\aﬁos%g#ﬁlifggkgﬂ@ aeclgngth of
290 of t hethpintkpineess 2403 FoThxanfple, #t cegainfembedigonts, thosur@seaefphesncemnlaip@s0 can
formed by [enowui rial. postions .of the e 214 and_t.h

suppor t | afer PR B TR pRiop S T3, eisha8 278 fn i A s iRcat by e
i Nt er connepdrsor2262 oA thpokhdapsulahl 250f hhathe| ablpdiiehtss ame s&ond Momiohd 28hef the

wor kpi ece 213 even ough the | ower portion o he pl ate 214 has. be
oroved. - ATERITTGR S0 bR ouParosomBa e ity po muicaes By e
provi de a BioRdnaiHeah@th@SBioH 264 6ftht aycepsuRht 2508 MaddHal aaRvalstchhexpihited below are
220. In the errb(gdi rrent@ﬁmere t he di es 220 include conductive nenbers .
228, mat er M3 VP St B Eofs b e areAradan gr e ! ifeeq resapterigiigs of the workpiece
conductivezenbers 228 are al so exposed. In an optional enbodi nent, a
second surface 292 of the workpi ece 213 can be ground, planarized

and/or et C[})@ﬂs]t O I BIIDNE AuRRsiaQBg®in Jieh SRCANTHS 8L rdr el TOM JHBSsite surfaces
wor kpi ece 213." Thi s process can renove a portion of the second

portions 2a%hpworkpigcyd Hide e orrrugiodingead themdrieigse 243 srerend ananarieedaad/oneched to
portions 2%%1 95 t}{ehrgatgllizﬁSﬁ'c)n‘}A‘(:\:xCi"?rr ld%lﬁ'ﬂl:cy 290 QlethE mrcﬁkﬂ&%% ]%SGTI‘PJ ﬁPspgurface 290, for
wor kpi ece 513 ¢an be controlled y accurately formng the first and
second sur &xoes, 290bcafedn@bBy rqn@Og]th yateral Portiong b de-Base i baal the isayort layer
of the ass |y f a.fir i.stributl st,r uct. ur has

been 1 or modt o ehee it 1! nftbls73 oAb Pus AL AT et BB g o
redi st ri bute@am it e workgie2d 01 haen tieeagh thotovetpation bahspiernds sisdeer?@doved. A

of the workpi.ece.213. The fir and second redistribution structures
260 and 2765%%0%§1668Pﬁ%\ﬁw%rd2 oca&a&etfﬁwaﬂ?;Prfa,vefiﬁqﬂegte}eﬂ% BEHien {ayer at the

-



[ 0027] Several enbodi nents of the assenblies 210 with interconnects

240 can provide consistent electrical properties. For exanple, the
preformed interconnects 240 can be fornmed off-line apart fromthe
packagi ng process such that they are consistently solid and

void-free. Additionally, nolding over the pre-inserted interconnects

240 can be a fast and relatively cost effective nmethod of formng the

i nterconnects through the encapsul ant 250 because the foregoing

process elimnates the patterning, etching, plating and filling
processing steps used in conventional processes for formng

i nt er connewtiace oS ERR &k ihe|catbosiments avhatetthelies 2Hhivelads eqndugtiygtmembers 228,
i ndi vi dual gl C LtJ = Slit.e t

surfaces pwggﬁﬁﬁ%iq?d%?ﬁgégggﬁﬁﬁb§h$@g%§qgggmgfH%hgmgggﬁgdggéﬁﬁf228aﬁiaho
Accor di ngl gxpoded. depi aptionehdroktidmesit.sg sectrel wefew¥2 rod dieswotkpigtd DI can be ground,
structure 270 .can |lectrically connect o th ie 2 to.th .
second sur A BgsYeT Sei i bnGTe ot R cqid 5 280 Fafinfk, brpite 213. i
features, stk as eleve sebdien ofald scéddl pegtiona et of the Fitgieoenets 2A@ yndib:gose or
be attached to and project omthe first,.,and second redi stributi.on

ot r ot ur es EanEP B 7BH R Pk STt i o bR RS ER P S e g 213 o
260 and 278 cohii@ied BD a@&af@dIp for@ g 2HdXi 613 d BRorkd sigfded R ollarfardm t he

wor kpi ece 213. In certain enbodinents, for exanple, the

sub- assenbjobBg CanFiereSiinadbRdeebnal Fibly 8f HEE8EmITAM D4ftedh INN redistribution structure
S|ngulat|ng%EeV|ces that are known in the art. 100291Figure 9 is a

f1ow di agr #ihhes ben femsdar e first e a90wfithroworkniess2dess ageond sdistrupigmegructure
a sem Cond%t s @e%ﬁ%%ée- atl {het Qb@nﬁ%@@bmtthe t\mkp%cgcﬁ}l%.s %9 first and second

i ncl udes nounting preformed interconnect structures to a plate in a
pr edet er mi néidrigvtranstaiuien 2t 9Tl cors b eonfigired aeirsimishNy (dohest KedOsd-sitek R22 of

one enmbodi HEREs 28 B9 ESF |nQr%|0cf‘itlﬁqnl%rcglllr{‘éE§lzjld. ylpginlpl&ﬂﬁle. BLAREARBES tive members
ane Yy t or | t he

structures can SIHU|? ously ‘moun nser I 'nt er connect
st ruct ur es2Brprapeing fiveaghodic 286 essmppirnlaydn @3 (is patterna@ric exposethe bond-sites 222, and

e connegt A5 SR BE R TRk B PEEn SR PSR, For

I nt er connec I’pl.?b ures and nove awa rom
be made of exampr} adupbart BFerPObrepised abd hivtobthggeattelpdipRerape bé paremed fo expose the

recesses can exte hr o the plate or to a predeterm ned depth. of
heCor ot o oS ha an eabalmbnlS phed St R b ray JEe 28D and ar
| ayer on tH@ofl 8 editeral RuRdallphtelsds, BleaR ARGk HLOY SRS 240X @8R d@lly connects

910) and positioning a _die_on the support layer (920).
the conductive members 228 to one or more of the intefconnects 240.

[0027] Several embodiments of the assemblies 210 with interconnects 240 can provide
consistent electrical properties. For example, the preformed interconnects 240 can be formed off-
line apart from the packaging process such that they are consistently solid and void-free.
Additionally, molding over the pre-inserted interconnects 240 can be a fast and relatively cost
effective method of forming the interconnects through the encapsuiant 250 because the foregoing
process eliminates the patterning, etching, plating and filling processing steps used in conventional

processes for forming interconnects.

[00628] One skilled in the art will appreciate that individual dies 220 can have additional bond-
sites or active surfaces proximate to the second surface 292 of the package 210. Accordingly, in
certain embodiments, the second redistribution structure 270 can also electrically connect to the die

220 to the second surface 292 of the package 210. A plurality of conductive features, such as the

8



[ 00301The process further includes encasing at |east a portion of the
pl ate, support layer, die and interconnect structures in an
encapsul ant (block 920). In certain enbodi nents encasing the
conponents of the assenbly can include formng a generally copl anar
exterior surface of the encapsulant with second portions of the

i nterconnect structures spaced apart fromthe support |ayer. |n-other
enbodi nents, the second portions can be conpletely over-nol ded. The
process al so incl udes exposing portions of the interconnect

structures 925 n_certai odlnent ex 05|n t hese

portions c%?g‘fPf ﬁﬂﬁrd@%ﬂ“)ﬁ e&ﬁ%lf 12 ff‘?yrgb ° beritaghs (5?13“ PEpésS gff’mttﬁ%ﬂm and second
assenbly tRdienp@EA striQuich BT GRNIVEC tA fid FatEine BS red A&IHBME N strichResIeB a8 270, the
can be a sacrificjal_layer and at |east partially renoved during the

pl anar i zat F81SSeERIEs? Wy 4 bg eingilatet! Jrrn ithe WeHBiecR Abbdi esrrigincembodinssts, for
i ncl ude f oggipg, e SROALMUI%S %Fﬂe@‘ﬁ?ﬁ]a’t{eé{ With a%@lsr %@Mhé%g@%?g RickMat are
assenbly with first and second porfions of the interconnect
structureSMWP©03¢imhe process illustrated in Figure 9 can be
acconplished in a short period of tine because individual vias do not
have to bel0f¥H med, FiptraPdela ay didstameef angmbediment Otfhefleithvﬁ@r crnese 800 for forming a

structures c ct
after the S&H@B gglog ts%g"nb%Fef[ gﬁﬁ%gﬂ“boﬁiﬂ%ﬂ? e égbt%eegrs m negd Sfﬁﬁ% ur%ng pr&%rmed
100321Fi guinesod@At sumdtuidd Bo alplatlsmraa;iraiewamnedlsnayc cffgﬂsrcbmneats rfatthmlssérﬁtrly (block

anot hor entt Rt <o PRATE o antieBH. [ e RN dh JRETPTER Fpetss cn

a side crosans@edusignaduitiopvineft B itdrondbdattcteks thepdraks Niri redksRavi 8@ plate.
a plate 314 simlar to the plate descri bed above, except that the

pl ate 314 ©%f Be ipeweRnsat ftmmf%@avgu%a%mw Hie" SRGKSE fan gleasphibe dptgeennect

314 rel easqfabiret BREhNRSavieh GroR UE Blatel YhOblate8n bOBICOMNRGLISC 8AQnihBi@material,
plurality of recesses 316 arranged in a predeterm ned interconnect

array. | ndinditteaRprtyrecisrsessses £8n crigeliansh Bie pigtsordx & prrgetgimingchiepilieaf the plate.
through the,.plakg a%&%clﬁfé? ARG dHelectfRN ;Scul?ﬁayelr %§ Eheﬁ) Mid bReithd t?%fmt@rconnect
pin 240 is inserted in the recess 316, R oes not extend t

a | ower sutheisres GloekGft Oxdnd ppsiterengadie on meewmlayele(ﬁﬁ@m ments, the

first portions 242 of the pins 240 can be configured to have a

sem - bl unt[0@d por Theampcesutithersneludtovrdasing kidedst a portipppf therplade} 2upport layer, die
illustrate e 1

cavity 3 1559:{1 lpterr': félgﬁj.ét ﬁru%ﬁﬁqggn antpfﬁ{h? )@L(%Z?Oﬁ ig'; !ﬁaq? gnﬁllﬁqbcﬁ%gr%ﬁ%ncasmg the
support | aypepoBBG Mhmbhemnmmymm1Bmﬁwepbmnegslg@emmmcqmmmrmu&naﬁswﬁmeofﬂw
descri bed agl uat\up > CH Lo 5 Zt g6 gd g at tachi ng

a pluralit$“6f oﬂ és ‘2%’ 6"’{ [v8° 8 B%avimﬂ"a?f e ‘“‘Sa%“ &3] EP’H@;*‘WBPD t fayer.
encapsul anfh 2D catbodindnishehel set@idcenm@ctan 2A0coapbtdly @Serddblded. The process also

[00331F|gur§H}OB |Ilustrate§ga sta%e in which an encggéulant 250 has

been di spo8€tFesCERTHE PREUTH Yr'Bd HEEIGSS ATURGS 'k 15 fgraip gmbodiments,

plate 314 é}?& %Qﬁé&e SN EEhnfihQiact i aSAHRPRIL an'd%&’&)'hd 3365 &NEk assembly to expose the

i nterconnects fter the plate 314 1s renoved, processing can

continue aSHEREE] BRELESoVS S Ahy Ralpsat by o sacrifeinklayer 2gd af lsest pafiply removed

removi ng ML Rl ARdafiok MERGshEdca! bbbl Bus! itk

r enovabl e p]a% f a‘ustrgggggﬁk ééd#%éﬁ % nﬁthfﬁﬁggﬁggguwmdemnnmga

mat eri al cmctra!am@pbn@rcfétgtswgﬁemmdesuﬁwag’é@et&a@m*rhrt with fifst pedrerzatd piréps of the

(e.g., plapardzle &%ek not have to renove the plate 314 with the

ot her package nm erla The renovabl e plate 314 can al so be reused

fcg[] . ?tgnf;t(lﬁﬁiﬁcondkh%t RHocdS SRLRLEE S BRNE"S bl Be SR NS GO QRS period of time
because individual vias do not have to be formed, plated and filled to create the interconnect



[ 00341Fi gures 11A-1 ICillustrate various stages in a nmethod for

form ng interconnects in a sem conductor assenbly according to stil

anot her enbodi nent of the invention. The manufacturing process and
interconnects illustrated in Figures 11A-11C have simlar features to

t he enbodi nents descri bed above, however the first portions 242 of

the interconnects 240 are retained solely by a support Layer 430 and

not inserted into a separate support plate. Figures 11A and 11B, for
exanple, illustrate a stage in which the interconnects 240 are
tenporarily retained by a socket 402 and inserted intp the sup

| ayer 430.SrigesufpBet hagerrsiay casistena PEFPYRETS Camtrsatiicf ﬁ*ée 1?%53@’6 been

shown in FigHies elfedRtnhdBaddie support layer is in a state in which
the interconnects can penetratée the support |layer 430. In certain

enmbodi ment §{}32¥ he frigi8ds WN&n‘quUE Iﬁdjsa‘a@fvartlcﬂ@ sﬂaé’ésefﬁ & ARARA S BHANE MRerQANRs in
different configurations, such as the beveled or pointed first

portions Mmlwn@ptop@$spmbhsln3a®r<(a§%\mh anoteh emppdimentoil U ipyprdion. [Figpre 10A,
or other cgé g;gggig%hosgsa sﬁaléb}@g' L Leddbr ﬁ%%ﬁ&l{ Qﬁbd%ﬂgelﬁ%?ﬁltﬂHMn&mﬁ’avmgaplate

i nt erconne a stabl e manner. e socket 402 hol ds
i nt er conne&dt sinBKO ta ﬂne Pplate déscitebd abnvd, gmeatt tharthe plate Jdppoibe réregyed fg@Qhe sub-

can be at Iea ar aIIy ured C 1 ' .

i nt er conndsyd 5/48 Oﬁkpﬂeﬁe ate %6&2 ; g |voe§[h% agggifeﬂ? uﬁ%’gdn%cttmo ina
subsequentdiyalitgbeasasest 116 asrﬁﬁ@ﬂdn pqrrédemﬂﬁmaifhﬂiteﬁfonhdne afrgt elndonnact®sses 316,
(Figure 11C) and, t he su r 4 h .er.co ts. 240

Ol noe. At ol ncione s oA Lo i Tsorer s 4 o R i rloR 242
240 (e. g of RipiS408E Shsbricdan SlcaBelsng eMHk RaLt40@los0ldt extamt Rra [Blve@EWREN 7 of the

t he second portions 244. The support |ayer 430 can, al.so provi
adhesi ve Sia¢ dde lagueinerifioiEnenis: @'Fé'“‘s(‘ﬁ fons7deAd the ins B%O ?Ps)’tbééﬂ’gﬁugg to have a

descri bed ahowmen éﬂg%ﬁé%ﬁhﬁlcﬁ @QQibW@lnﬁke' dr}»tgz%fftfoﬂtﬁﬁ il Reee@ W eBudd foA ahdCi0B.

retains the interco ects in a desired conf |gurat|on inthe
support | aiterpl#80!hhishinstudens ervityn Stiherersivige tisonppashfyeuBlof Algidorming the

i nt er conne ér%y Zﬁ'%tr iS% % *ﬂféh&%n& @(]Zlélt %9&?5 %ﬁ]&n Rt AGCQBENTbNe Wi hl' t%spect to

enbodlnent nee he 1 nterconnects 240
hol es or rrgessesd 6; ieclslippatatieng appoalicy pf catse220[t®@®@]Uprgu}aEel‘1320|a8d é_lS]JOSIng

flow di agrtﬁe encapsﬁ]ant% arourqrc?&% ir%rcgnnggtg Etfbdangrdiegﬁﬂfess 1200 for

[0033] Figure 10B illustrates a stage in which an encapsulant 250 has been disposed around
the interconnects 240 and dies 220, and the plate 314 has been removed from the support layer 330
and interconnects 240. After the plate 314 is removed, processing can continue as described above
with respect to Figures 7-8, including removing material and forming redistribution structures. The
removable plate 314 illustrated in Figures 10A and 10B can save material cost and processing time
because the matetial removal steps (e.g., planarizing) will not have to remove the plate 314 with the
other package materials. The removable plate 314 can also be reused for other semiconductor

assernblies having the same interconnect configuration.

[0634] Figures 11A-11C illustrate various stages in a method for forming interconnects in a
semiconductor assembly according to still ancther embodiment of the invention,  The
manufacturing process and interconnects illustrated in Figures 11A-11C have similar features to the
embodiments described above, however the first portions 242 of the interconnects 240 are retained

solely by a support layer 430 and not inserted into a separate support plate. Figures 11A and 11B,
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form ng an interconnect. The process 1200 includes inserting a
plurality of prefornmed pins in a support nenber (block 1205). The
support nenber can at | east partially retain the pins in a
predeterm ned array. The pins can include a first portion in the
support nenber and a second portion opposite the first portion.
Moreover, the plurality of pins can be simultaneously inserted in the
support nenber. In one exanple, a socket holds the second portions of
the pins, inserts the first portions of the pins in the support

menber in the predetermi ned array, and rel eases the second portions
after t hefof Exasiplpdihsirans sage in mbehttedinerdnretsathed empoiadlyseiiped by a socket

menber . r,0cess, a i ncl udes f
sur face oft e ERL R Meiinerort Briocnos 3uos ohs Rl P o e d bber sd o the
the pr OCEQﬁgeQB@Nn nlcmgmdes atA beh$iB parstippaltl lyyee isrin pgtddim \s}upkpmetmtaremeas can

Fur thor 1 BRts 0 siba gt 4101 Bastsn SHRRT s B Trobaind 2R B igrconnees

Wi th an eppans WA i 0iigl2dions, Al asithe beasl opasihlealiiksy pexipRS1NOfld: bertions
pins (block 1220). [0037] Any one of the sem conductor assepbl|es

havi ng t hé#i (rominced His aightsof ddgies | Hoeorisy eonfistmtionssiitablrciar em eligg F'@isfeta‘“‘“g
1-12 can pe 1ﬂt£}9(91rn919§ @th & BhOle Whlm/!'hb @&keef 40226 EY the MéSEnnBRY B10 in 2
conpl ex systens, a representatlve exampl e of which is system 1300

shown schesiatd ewafiguyation, fieguprsttiaver $Hkecas pe pidpast Botel bzuradms ptigevise processed to
processor 0, DQRQ?{L_.

menory de&%@%@f"ﬂ|n ut%%a%ﬁﬁﬁh%§§?%%§§§§g%' oSéé ﬂ%ﬁ%gﬁﬁ$??%§§%§?ﬂw
conmponent &c@ﬂosortnahez%nf (tlnﬁndum@metassﬂéghbl 6€) eard | they supipaet dayem &t olds the

e e ARl 0D B MR AP 2 s

perform apMs)Qfe f?eevﬂtdiiem‘gamhetatya wilid multbenzg:en lﬂfe(xemﬂ lpngl,onsﬁtb?r althe support layer
sensing, | maging and/ or other .func di

repr esent 4iY A8 %ﬁf’s?’@?ﬁge PROHFHI B oo 35‘& H’oﬂ' ’CF' an?‘%a%f’tofpowé‘bﬁfihp"eragacmd as
and/ or ot hatridakeover ocessors, for exanple desktop conputers, |aptop
conputers, Internet appliances, hand-held devices (e.g., palmtop
conput er syppygar ablrge @mmﬁeﬁtsmumkédulhan s Dbl @ rlenes mpaemmasl 240 in a
di gi tal aSS|stants nUSICﬁﬁha yers, etc. z multi-p rocessg& n%

pr ocessor desesk godieurstien i b BIRPOR Jaen 8P aihest prerities e, 9““5 42 of the
comput er Stn@’é&nmc&' SRS & n @ J&Eﬁraté %M@SR&IO?&IIHQ(@ tﬁi\f%ﬁ%@&mﬂeﬁpﬁaﬁﬁﬁg% the
housed in a single unit or distributed over nultiple interconnecte
units (e. oeed to Higo thgHntarcoomsis IR e atth balenenroaspiey in argparale sppREmae. of t he
system 1300 can accordi ngly include |ocal and/or renote menory

st orage dBWBdes, A&imtreatd ok fovnidiseramaef st ymbddimetpit s mephed dubirecess 1200 for
medi a. e t ci afy BRe& fihei
enbodi rren? %’” ﬁ]étte{lﬁr\}'xee%{l gfr?lé Igsees% S%béun’nglggﬁsr'?%gﬁhde?e%ﬁln# gﬁ r|Sur pos];e]s me
of illust Btfpbmmmr;errbmt (hiedid l?ﬂimvﬂhstsmpmirtlmssqudn faunkesst patialhasetrimbe pins in a
been shown qr des rlbed detal neces an

t he deschﬁ?tﬁﬂl ge¥ﬂ% &ﬁdﬁ? c%?e? 59 nveﬂf?on 8¥n Qﬁﬁ%fhﬂﬂ%ﬁmmnd
backsi de e@éribheppdbiesth@ Akt paﬁoineMmmméretﬂe ptnraﬂlltgeofannpranﬂJe IsmyLeuan@)Bﬂy gwated in

T oL Sy2? 2 2 SURY L0 LG ROt 220 T v o

that they paHighsn@tihé PURIRAhOYuppbR nedhRp iiiha Pred@fofminad drriy)@nd trélases the second
bond- S|tes 222 can be electrically connected to correspondi ng

i nt er conneetigns(adtegthe fiFstporions aff’dﬁ?ﬁ[ﬁ‘b angleretaing & }hp@mno&tdﬂgmli)eucffm gipeess also

Were the; n%RlGése?anfbﬁfnrg" 3 Yie Sk ROHkAEurREe B Welluph&E MRerdBRY (@lbé@ 12106 l#ﬂ@:enam
the pIuraf or slingular term respectively. Mreover, unless the word

"or" i's expbiméys, | therreass canmamindoityleat seriglle chtlesntlax saApSIty@er ey rarior to
Lo ot "ot phl gy B 5 G 5u e, " st MR R kB IS o o

er pr
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i nvention. For exanple, features described in the context of
particul ar enbodi nents may be conbined or elimnated in other
enbodi nents. Further, while advantages associated with certain
enbodi nents of the invention have been described in the context of
t hose enbodi nents, other enbodi nents may al so exhi bit such

advant ages, and not all enbodi mrents need necessarily exhibit such
advantages to fall within the scope of the invention. For exanple,
the interconnect structures (e.g., pins) can be retai ned by another

type of sypport menber before | di,n encapsul ant .around the di

LA it er BB Rt RE D AR RGP RO ALk P ira Bl P ekpnecdee o block
as by thejappended clains. CLAIMS W claim 1. A sem conductor
assenbly, conprising: a sem conductor die having a plurality of

bond- si t emio3g di ehagbhé 6f HePRMidontRWR lasRABIiRGhatink thS intsrteiPe@fN destribed above
second side, wherein the die is attached to the second si de of

support | #ifercteigpreriai Figwee | daFaB0e NwRoratsdsing pOPDR MutgAT éargﬁsfa;zg!ef more
a plural ity el %Et%?,ra%ﬂe&ﬁﬁﬁ%&a?ﬁﬁ!eid?%fcﬁ%‘ﬂ@ﬁ%slﬁow@ﬁ&% Lnddscdhyil Fgure
I nterconnect’'s have a first portion-in the support |ayer and a second
portion sphcébe sysemt 1300 ean freduds @mpencesor A303r 8 mempra | Mdeleds tSRAM, DRAV, flash
R R L
| ayer is &08ol Yhesenihatduetdhessesblies favmgdn®erconnects described above with reference to
Figures 1-12 may be included in any of the components shown in Figure 13. The resulting system
1300 can perform any of a wide variety of computing, processing, storage, sensing, imaging and/or
other functions. Accordingly, the representative systems 1300 include, without limitation,
computers and/or other data processors, for example, desktop computers, laptop computers, Internet
appliances, hand-held devices (e.g., palm-top computers, wearable computers, cellular or mobile
phones, personal digital assistants, music players, etc.), multi-processor systems, processor—-based or
programmable consumer electronics, network computers and minicomputers. Other representative
systems 1300 may be housed in a single unit or distributed over multiple interconnected units {e.g.,
through a communication network). The components of the system 1300 can accordingly include

local and/or remote memory storage devices, and any of a wide variety of computer readable media.

[0038] From the foregoing, it will be appreciated that specific embodiments of the invention
have been described herein for purposes of illustration, but well-known structures and functions
have not been shown or described in detail to avoid unnecessarily obscuring the description of the
embodiments of the invention. For example, the backside of the dies 220 can be mounted to the
support layer 230 such that the bond-sites 222 face away from the support layer 220. The bond-sites
222 can be protected during the molding procedure such that they are not covered by the
encapsulant 250, and then the bond-sites 222 can be electrically connected to corresponding
interconnects (e.g., via wire bonding or redistribution structure).  Where the context permits,
singular or plural terms may also include the plural or singular term, respectively. Moreover, unless
the word "or" is expressly limited to mean only a single item exclusive from the other items in

reference to a list of two or more {tems, then the use of "or” in such a list is to be interpreted as
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3. The assenbly of claim 1l wherein the interconnects are arranged in
a predeterm ned pattern outside of a footprint of the die, and the

dielectric encapsulant is in a flowable state. 4. The assenbly
of claim1l wherein the die has a first height and the interconnects
have a second height greater than the first height. 5. The

assenbly of claim1l wherein the interconnects conprise a plurality of
preformed pins, and wherein the first portions of the pins have a

bevel ed portion. 6. The assenbly of claim11, further conprising
at Ieast a ortion of a plate at least partially surrounding t
suppor t Wing (a) any single itgm ivpike liss Bl gftl@ﬁ items4R el listaoe Fo iapy @q—;@matlon of the

sem conduq&rﬂg indHS Bl MaltRn }hre%rms%gfh m@u% QEd ARAABNKo ffttn WORER Bt least

a second sen conduct or asse ener a simlar to the fi

seni conducﬂteomcn@d Jenbkl) sush sha@keare@mr mhebef of the ssweifeaturel tacdfgir addlttonal types of
assenbly, e secon glgkponductor conprising: a sem conductor die

havi ng a &ad‘rreﬁlaﬁ@? B BoRd-sites; a dielectric support Iayer havi ng a

first sid gf cond Si wher ta
second S|§%ﬁ theagﬂﬁb@PWgﬁg?g?ma bﬁﬁﬁ?allbgnégw e %&ﬁg %8% lmgnes, o the
i nter connewcSt;onV\hecmeexfampm;hmamiﬁalde:icnbeelr monhae;ontsxthaﬁlaaracuﬁarr gtbodomdnisomay be

in the su and second portio aced, a romt.he
2 B metjaﬂ)(;e?{mmated % other embodiments, rf-Li_u'ther wkcnille epd%antages 20tiaed with certain
support
embodiments of the invention have been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily exhibit
such advantages to fall within the scope of the invention. For example, the interconnect structures
(e.g., pins) can be retained by another type of support member before molding the encapsulant
around the die and interconnects. Accordingly, the invention is not limited except as by the

appended claims.
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a dielectric encapsul ant between the interconnects and around at

| east a portion of the die. 8. Aplurality of through package
i nterconnects in a sem conductor assenbly including a die, a

di el ectric support layer, and an encapsul ant, the interconnects
conprising: a plurality of prefornmed electrically conductive pins
projecting fromthe support layer in a predeterm ned array outside of
a footprint of the die, wherein theClpAlMSare arranged in the
predeterm ned array apart fromthe encapsul ant, and wherein the

i ndi vi dual pins have a bevel ed end portion enbedded in the support

| ayer. We claind: An internediate article of manufacture of a

sem conduct or assenbly, conprising: a dielectric support |layer; a
plurality of sem conductor dies attached to the support |ayer such
that individual dies are at die sites across the support |ayer; a
plurality of prefo augﬁﬁHQEE%%%n%Yﬁ?nH%@Wﬁg first portions retained

in the support, st@ushdrist SERAME PALLIIRT Bh@sRGE I ng from the support
| ayer, wherein the pins are arranged in a plurality of discrete pin

arrays, and whieleitric suppogdaxendaypog tifosisidsfant hesepindsside; evherein the die is
free-standi ng mﬁthogt erial. thereb &meen' and . a

id I
naving a cavity, LR e SRR oKE A MrcnPrat FrmaeRl A TRR ey
and the pins are mpunsiRfbi@gane fgh&ct fromthe plate.

a plurality of preformed conductive interconnects, wherein individual
interconnects have a first portion in the support layer and a second portion
spaced apart from the support layer; and

a dielectric encapsulant between the interconnects and around at least a portion of

the die.

2. The assembly of claim 1 wherein the support layer is a polymer that

adheres to the die.
3. The assembly of claim 1 wherein the interconnects are arranged in a
predetermined pattern outside of a footprint of the die, and the dielectric encapsulant is in

a flowable state.

4, The assembly of claim 1 wherein the die has a first height and the

interconnects have a second height greater than the first height.

5. The assembly of claim 1 wherein the interconnects comprise a plurality of

preformed pins, and wherein the first portions of the pins have a beveled portion.

6. The assembly of claim 1, further comprising at least a portion of a plate at

least partially surrounding the support layer.
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10. The article of claim9 wherein the plate is configured to be
renovable fromthe article. 11. A system conprising: at |east
one of a processor, a nenory device and an input or output device,
wherein at | east one of the processor, nenory device and input or

out put device includes a sem conductor assenbly conprising: a die
having a plurality of bond-sites; a dielectric support |ayer, wherein
the die is attfachedhea@ssendblgapploim 1 whewein the spmicanducior gssqmidy ds Adust

conductive_interconne ' ' : '
g R e
and a di eb e filst seenicaniioloantsenmblydrdtdekédvee thet et $eniiesmiacme agssmalydthe

around at least a portion of the die, wherein the dielectric
encapsul #8¢ond semisenducier cmpPEsingur f ace of the correspondi ng

I nt erconnects. se icondu&@r‘di%ﬁ%i@%'glgltaﬁigpﬁgflfoha-is%s? wherei n each of the

preformed conductive pins y cylindrical shape.
a dielectric support layer having a first side and a second side, wherein the die is

attached to the second side of the support layer;

a plurality of preformed conductive interconnects, wherein individual
interconnects have a first portion in the support layer and a second portion
spaced apart from the support layer; and

a dielectric encapsulant between the interconnects and around at least a portion of

the die.

8. A plurality of through package interconnects in a semiconductor assembly
including a die, a dielectric support layer, and an encapsulant, the interconnects
comprising:

a plurality of preformed electrically conductive pins projecting from the support
layer in a predetermined array outside of a footprint of the die, wherein the
pins are arranged in the predetermined array apart from the encapsulant,
and wherein the individual pins have a beveled end portion embedded in

the support layer.

9. An intermediate article of manufacture of a semiconductor assembly,
comprising:
a dielectric support layer;
a plurality of semiconductor dies attached to the support layer such that individual
dies are at die sites across the support layer;
a plurality of preformed conductive pins having first portions retained in the
support layer and second portions projecting from the support layer,

wherein the pins are arranged in a plurality of discrete pin arrays, and
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13. The article of claim 12 wherein each of the preformed conductive
pins has a dianeter of at |east approximately 100 um 14. The
article of claim9 wherein the dies extend a first height fromthe
support |ayer and the prefornmed conductive pins extend a second

hei ght fromthe support |ayer, and wherein the second height is
greater than the first height. 15. The article of claim?9
wherei n each of t hevheresf trenedorsloprationsi afghg pins akeafearstbedieg sdthewia solid
portion at |east partia nbedded ,in the support |ayer. 16.
The article of cIafW#%ﬁﬁkﬁgggWﬁeFE@dplate is ﬁgde fro%1a curabl e

epoxy. alplate TB€Ing ¥ ch@ify, Gfheedi@th® sbppobh Rk € iB fémfednh Wieadavity afd the
preformed conductive interconnects conprises a plurality of preforned
pi ns, and wherei n PHE afg mepntediordnd peojedt fiopethp pletor med pins are at

| east partially enbedded in the support |ayer. 18. The system
of claim 11 wherein the support |ayer retains the interconnects in a
pr edet er mi ned 18 r ayTharaoidlél of k&rirdi ® wherein the plate is configured to be removable

from the article.

11. A system, comprising:
at least one of a processor, a memory device and an input or output device,
wherein at least one of the processor, memory device and input or output
device includes a semiconductor assembly comprising:
a die having a plurality of bond-sites;
a dielectric support layer, wherein the die is attached to the support layer;
a plurality of preformed conductive interconnects projecting from the
support layer, wherein individual interconnects have a first portion
in the support layer; and
a dielectric encapsulant molded between the interconnects and around at
least a portion of the die, wherein the dielectric encapsulant

contacts an outer surface of the corresponding interconnects.

12.  The article of claim 9 wherein each of the preformed conductive pins has a

generally cylindrical shape.

13.  The article of claim 12 wherein each of the preformed conductive pins has

a diameter of at least approximately 100 pm.
14.  The article of claim 9 wherein the dies extend a first height from the

support layer and the preformed conductive pins extend a second height from the support

layer, and wherein the second height is greater than the first height.
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[5.  The article of claim 9 wherein each of the preformed conductive pins has a

beveled end portion at least partially embedded in the support layer.

16.  The article of claim 10 wherein the plate is made from a curable epoxy.

17.  The system of claim 11 wherein the plurality of preformed conductive
interconnects comprises a plurality of preformed pins, and wherein the first portions of

the preformed pins are at least partially embedded in the support layer.

18.  The system of claim 11 wherein the support layer retains the interconnects

in a predetermined array around the die.
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