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VIA TERMINALS, AND ASSOCIATED SYSTEMS AND METHODS TECHNICAL FIELDAOOOl]The
present disclos€ A {idtE generally to semiconductor substrates with 5&&?5%7\9?3@%{) Hvia terminals,
and associated systems and methods. BACKGROUND [0002]Packaged semiconductor dies, including
memory chips, microprocessor chips, and imager chips, typically include a semiconductor die mounted to

a substrate and encasglilCaORBEIT PRVOERE RATENYI THe Mierinrdas unstivnahfeatures, such as

memory cells, 10 processqr. circuits, i erggﬁf g i i jreuitry. The die also typically

includes bond pads elecmﬁigﬁﬁréw fh ﬁ%ﬁﬁ%ﬁl ﬁf@gﬁgﬁoﬁ@@@m electrically

connected to pins or other types of terminals that extend outside the protective covering for connecting

the dic to busses, circuits, and/or other microelectronic assemblies. [0003]Market pressures continually

drive manufaﬁ: ?ﬁ%l?ArE l5he size of 15 semiconductor die packages and to increase the functional
packa:

capacity of suc ges. One approach for achieving these results is to stack multiple semiconductor
dies in a single package. The dies in such a package are typically interconnected by electrically coupling

the bond padd®Mdne did 1 tREISAEKSAIER Bori sads STSTARY dfe GMirRausiekSRs iiso R variety of
approaches haverbeen usediacelgatlicaly Rtotenanscidhs sliesnatibis.

BACKGROUND

[0002] Packaged semiconductor dies, including memory chips, microprocessor chips, and
imager chips, typically include a semiconductor die mounted to a substrate and encased in a
plastic protective covering. The die includes functional features, such as memory cells,
10 processor circuits, imager devices, and interconnecting circuitry. The die also typically includes
bond pads electrically coupled to the functional features. The bond pads are electrically
connected to pins or other types of terminals that extend outside the protective covering for

connecting the die to busses, circuits, and/or other microelectronic assemblies.

[0003] Market pressures continually drive manufacturers to reduce the size of
15  semiconductor die packages and to increase the functional capacity of such packages. One
approach for achieving these results is to stack multiple semiconductor dies in a single package.
The dies in such a package are typically interconnected by electrically coupling the bond pads of

one die in the package with bond pads of other die(s) in the package.

[0004] A variety of approaches have been used to electrically interconnect the dies within
20  amulti-die package. One existing approach is to use solder balls connected directly between the
bond pads of neighboring dies. Another approach is to fuse "bumps" on the bond pads of
neighboring dies. However, the foregoing processes can suffer from several drawbacks. For
example, the foregoing structures typically require a multitude of steps to form the vias, the
conductive material in the vias, and the bond pads or other connecting structures that form the
25  connections between stacked dies. Each of the steps takes time and accordingly adds to the cost
of manufacturing the packaged device. In addition, in at least some cases, each of the processes

can elevate the temperature of the die, which can consume a significant portion of the total



20 a multi-die package. One existing approach is to use solder balls connected directly between the bond
pads of neighboring dies. Another approach is to fuse "bumps" on the bond pads of neighboring dies.
However, the fo%%%%%oﬂ%%esses can suffer from several drawbacks. For fgmﬁfg?gtﬁg%f&egoing
structures typically require a multitude of steps to form the vias, the conductive material in the vias, and

the bond pads hQINGIENARAHIAOHERIES 03bINENZS SanRRiRnBORINERTStadied dies. Each

of the steps takes time and accordingly adds fo the cost of manufacturing the packaged device. In

addition, in afRPESYSbIFEHAYESOs SRR S disssihin A wivimrdmtentkasature of the die, which can
consume a significant portion of the total WO 2010/045187PCT/US20091060434 thermal budget allotted
to the packadeRfidifpdSESSIAGIORS @H a3l DRAN Ile@thins a need for improved techniques for
interconnecting dies within a semiconductor package. BRIEF DESCRIPTION OF THE DRAWINGS

[0005]Figure g4 Partigly schemapiaaifeseresmrestipnabyiancpbapackage %at@ér&qlég&@pcordance
with an embodiment of the disclosure, [0006]Figures 2A-2I are partially schematic, side cross-sectional

views of SemiBSAERIEEEF UL AR EargbM A ERYeYHy in accordance with an embodiment of the

disclosure. 12 (&qugur 2J 1s tially schematic, side crpss-sectional yiew of two semiconductor
ubstates sULMES i ac RN A A A B ot TS Brea Gt o SO e 2 is

partially schembticitside crgssrseotisrahygimveahidosemitendotatisgbsoftesistdeked. in accordance with

another embodiment of the disclosure.
[0007] Figure 2J is a partially schematic, side cross-sectional view of two semiconductor

substrates stacked in accordance with a particular embodiment of the disclosure.

10 [0008] Figure 2K is a partially schematic, side cross-sectional view of two semiconductor

substrates stacked in accordance with another embodiment of the disclosure.

[0009] Figures 3A-3F are partially schematic, side cross-sectional illustrations of
representative methods for forming substrate terminals having shapes in accordance with further

embodiments of the invention.

15 [0010] Figure 4 is a partially schematic, side cross-sectional illustration of a process for
disposing a protective layer on a semiconductor substrate in accordance with a particular

embodiment of the disclosure.

[0011] Figure 5 is a schematic illustration of a system that can include one or more

packages configured in accordance with several embodiments of the disclosure.
20 DETAILED DESCRIPTION

[0012] Several embodiments of the present disclosure are described below with reference
to packaged semiconductor devices and assemblies, and methods for forming packaged
semiconductor devices and assemblies. Many details of certain embodiments are described
below with reference to semiconductor dies. The term "semiconductor die" is used throughout
25  to include a variety of articles of manufacture, including, for example, individual integrated
circuit dies, imager dies, sensor dies, and/or dies having other semiconductor features. Several
of the processes described below may be used to connect an individual die to another individual

die, or to connect an individual die to a wafer or portion of a wafer, or to bond a wafer or portion



[0009]Figures 3A-3F are partially schematic, side cross-sectional illustrations of representative methods
for forming substrate terminals having shapes in accordance with further embodiments of the invention.
15[0010]Figure W?szglffg‘fﬁ]ﬁﬂy schematic, side cross-sectional illustration ofl)acg%%é)g%%)r“%ﬁsposing a
protective layer on a semiconductor substrate in accordance with a particular embodiment of the
disclosure. [OQHEIRE MR SCORMAGASERIAAL2 PSIERLINAN AR RSlele B0S QL RIERACkages
configured in accordance with several embodiments of the disclosure. 20 DETAILED DESCRIPTION
[0012]Sever®Bmpduihentorge Hrdsenfdiselostife apsigasiedepemrticitsvetrariderto phekaged

semiconductegfdpviers andaseavkliesnangemetiassJoniasming packages semisarilvaioutgdces and
assemblies. Many detiiip&gj of.c?rtain embpodiments are described below with reference to semiconductor
dies. The tery SBFRBINGTISIOAIBS (1984 RFEUYRLTIEES SOMRRITRIE 18 (st bFAPRSHARt Witufacture,
includings foreiamileylinctvideratimte@ratediescuitrdids bimagendliesysendae dies) dsaiicodidstaving

other semicondbugtqr,featurecf, Several,of the rocesses describretd helow ma b(ta used to copnect an

e e . . Subs§ raei 1S .usg télro out to, mchude oreﬁalngda lc S man fac urce 1 an?; of the
individual die to another individualdie, or to connect an Iftdivitiual die to a wafer or portion of a wafer, or to

bond a waferforcpoitibeP KD 2046/045187PCT/US20091060434

[0013] Many specific details of certain embodiments are set forth in Figures 1-5 and the
following text to provide a thorough understanding of these embodiments. Several other
10  embodiments can have configurations, components, and/or processes different than those
described in this disclosure. A person skilled in the relevant art, therefore, will appreciate that
additional embodiments may be practiced without several of the details and/or features of the

embodiments shown in Figures 1-5, and/or with additional details and/or features.

[0014] Figure 1 is a partially schematic, side cross-sectional view of a semiconductor
15 assembly 100 that includes a semiconductor package 106 configured in accordance with an
embodiment of the disclosure. The package 106 can include a support member 102 that carries
multiple semiconductor substrates (e.g., semiconductor dies 101) that are interconnected
electrically and mechanically with each other. Accordingly, each of the semiconductor dies 101
can include die terminals 110 that are connected to corresponding die terminals 110 of the
20 neighboring die 101. The support member 102 can include support member terminals 107 that
are connected to the die terminals 110 of one or more of the semiconductor dies 101. The
support member terminals 107 are connected via lines internal to the support member 102 to
package terminals 104. The entire package 106 (or portions of the package 106) can be
surrounded by an encapsulant 103 to protect the semiconductor dies 101 and the associated
25  connections between the dies 101, while the package terminals 104 remain exposed for
connecting the package 106 to external devices, such as printed circuit boards and/or other
circuit elements. The following discussion describes additional features of the terminals 110
used to connect neighboring dies 101 to each other, and associated methods for forming such

terminals.

30 [0015] Figure 2A is a partially schematic, side cross-sectional illustration of a
semiconductor substrate 120 (e.g., a wafer, wafer portion, die, or other substrate) that includes a

substrate material 121 having a first major surface 123 and an oppositely-facing second major
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of a wafer to another wafer or portion of a wafer. The wafer or wafer portion (e.g., wafer form) can include
an unsingulated wafer or wafer portion, or a repopulated carrier wafer. The repopulated carrier wafer can
include an adhe%0& AN (e.g., a flexible adhesive) surrounded by a geﬁéfgf%zr?&?@??é%e having a
perimeter shape comparable to that of an unsingulated wafer, 5 with singulated elements (e.g., dies)

carried by the aghesive. TSR iseRlrenAUSRIGHPSIRtRI IS MR-t aitehaub g Relude thederegoing
articles of manufacture in any of the foregoing configurations. [0013,1132\/%])/ as(,ipecmc details of certain
&t

embodimentdMrdisbt 38R in iy alegi corespominm vt tekt to'p afobgidideletélitding of

these embodiggitsdeayesabather 10 entbadivRtsoaR-NRYAC0RE AMEHBRS | LEMRANR N SN Eor
processes different than those described in this d%] Io%ure. A perﬁgn skilled in6Erhe relev%nt art, therefore,
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will appreciatt #H5t 20aftidha Y EhbEuritfbRIETHES BEBRIRIEE RN SAPSEE A S ABSHEtES atrdor
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substrates (€9 sgcendigatidies ddhakare inprrenasciedislicciicalyandengchaniegilyvith each

other. Accordingly, each of the semiconductor dies 101 can include die terminals 110 that are connected
to correspondib ¢TSRS sgHtErBEHeighBbiag ehd TutcT HéZuPpmenioemesscd include

support memyesiemindlscd 04 thah e ganopsied 49 Biewdigstairsinalesd Kb afhonenaigmpase-f. the
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schematic, side cross-sectional illustration of a semiconductor substrate 120 (e.ﬁ,, a wafer, wafer portion,
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oppositely-faslagisgcanicdbmair WO 2010/045187PCT/US20091060434

[0016] The vias 140 are used to house conductive structures that are connected to
semiconductor features (not shown in Figure 2A) within the substrate material 121, and
20  terminals used to electrically connect the semiconductor substrate 120 to other semiconductor
substrates and/or support members. The following Figures describe further details of the

formation of these terminals.

[0017] As shown in Figure 2B, a protective layer 122 has been disposed on the
semiconductor substrate 120 so as to cover the sidewall surfaces 141 and end surfaces 142 of the
25  vias 140. The protective layer 122 can include a C4Fg passivation layer, CVD-deposited oxides
or nitrides, or other suitable materials. In Figure 2C, the portions of the protective layer 122
covering the end surfaces 142 of the individual vias 140 have been removed, so as to re-expose
the end surfaces 142. The portions of the protective layer 122 over the end surfaces 142 can be
selectively removed, e.g., without removing the portions of the protective layer 122 adjacent to
30 the sidewall surfaces 141. For example, an anisotropic removal process can be used to
selectively remove this material. A representative removal process includes a spacer etch, or

other etch process that selectively removes horizontally-oriented materials.
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surface 124. As shown in Figure 2A, multiple vias 140 have been formed so as to extend into the first
surface 123 along corresponding via axes V. A bond pad can be added to the semiconductor substrate
120 after the via 1 %WERrmed (as described later with reference to FiguF§§/j§§28P9{H%0ﬁés 140 can
penetrate through pre-formed bond pads at the first surface 123. 5 Individual vias 140 can be

axisymmetric yjigrespe @ Jhe eoreSRRRdBHRAXIS VHE LA MIRLARAMARYE AGVRHIA"

cross-sectional shape), or the vias 140 can have other cross-sectional shapes that closely surround the
via axis V (e.42%al v sgersrhtideliptival snspags The vafomedaxitheat LdmgharenRigiiss such as
aniosotropic ¢tghing t@ehniauese Baghowild4dicrnInFdsaeew myRRidRwall surfacas:kdiand an end
surface 142. In some embaodiments, the 10 sidcwall surfaces 141 can be scalloped, e.g., by using as
<tepwise Bodtfi SREHTAD POEESS i seh CHBEE! SREVRE 146 €40 @ep%?@fzﬁ%g&fg%@& teayherging SF6 or
another isotrojpicvétchint) Forseraaiiicthestaliop sidsl e very ihgpart cedaereiinbodindeinss, she«etdhing
process used to form the.via 0 can be a generally continuous pracess. that produc enerally
Cimooth, umeca L B B R PP IR ey
smooth, 15 cyiendtibdérsHapeySuittislevplboestwsvier ittnfirgetaawia da0mdudels tiaietsmpralcess, a

steady state dpy.eteh prasess: lassr drilingiciaslachrdischarganmachiningmicrebeag plagfing, and

others. [0016]The vias 140 are used to house conductive structures that are connected to semiconductor
features (not it Egtirecorgsvithiineheled pa ittt Hrd 2 MisinnashinditnplaRutise dMé Blectrically

connectthe seRicRRAYAAICEHDSIAB 20t 0. 0IbemSERTINIBRUEI Shskatas Iasdionsuppnd, Iembers.
The following Fijgures cribe further %etails of the formatign of these terminals. | f?%% shown in
e 26 moy ST A TR 0 A B By BT A oo e AL B 450 e 10 cover
the sidewall shefacemiddfahd gndsividegs 142 oftthdin2Gmiasntdfetwher photectivelayer it2dean include
a C4F6 passivation layer, CVD-depgsited.oxides ar nitrides, or pther sujtable erials. In Figure 2C, the
portions of thE Dl R B Bt A DAL i Rert B e

removed, so erctingelékposietpicbehbicdetaces 142. The portions of the protective layer 122 over the end
surfaces 142 can be selectively removed, e.g., without removing the portions of the protective layer 122

adjacentlo J8%HY sidearsnrthcEse i sieatorRIusiPLCstiypid 1R MbvariiEiwel BRF it used to
selectively repaoy®dbisdpéssinth&dapraseniativglsemarshpracessuiaclidasia spaikergteh 2ormther etch

process that selectively remcy es horizontally-oriented materials. . .
D010/0451 575 AIRBGOE 5% OIS G B TN T SO MRS Bl 10 at e

ends of indivighdathe terminal openings 111. A barrier layer 126 has been disposed on the dielectric layer

125, and an optional seed layer 127 has been disposed on the barrier layer 126. Suitable
20  dielectric materials include TEOS, parylene, nitrides, oxides and/or other suitable materials.
Suitable barrier layer materials include tungsten, titanium nitride, tantalum, compounds of the
foregoing materials and/or other suitable materials. In some embodiments, the seed layer 127 is
used to facilitate the process of filling the vias 140 and the terminal openings 111. In other

embodiments, a direct on barrier plating process can be used to achieve the same result.

25 [0020] Figure 2F illustrates the semiconductor substrate 120 after a conductive material
112 has been disposed in the vias 140 and the terminal openings 111. The conductive material
112 can be disposed in both the vias 140 and the terminal openings 111 using a bottom-up
deposition process or other suitable process to form a unitary conductive structure 119 that fills
both the vias 140 and the terminal openings 111. This single-step process can be performed
30 without realigning the semiconductor substrate 120 between the operation of forming the

conductive material 112 in the via 140 and the operation of forming the conductive material 112



vias 140. In general, the terminal openings 111 are formed without affecting the shapes of the vias 140
above, due to the (Protective function performed by the protective layer 122 that covers the sidewall
surfaces 141. TRe t@ﬂ?{ﬂﬁ‘g}sgpenings 111 can have shapes different than thbSE B2 DHENAE 140. For
example, while the vias 140 may have a generally cylindrical shape, the terminal openings 111 can have

a generally sghgficalshapgydis,teiminaliongaings Lt fah SR exiang IR P axend thewidth of the

via 140, for examﬁle, by using an isotropic removal process as opposed to an anisotropic removal

process. Furttfat Aol asisteri/eltdeningdds Thidb FHithey EdsestriRIenBaediBincluded in an article titled
"Micromachining of Buried Mjcro 10 Chanpels in Silicon" (de Boer, et al., Journal of Mjcro .
Eloctramoeh AR yet R Goregmes AP0 ool se HEEaI o) JefeliEer Ada? the
terminal openimngscithiaat dprmied, the pohidn$wof dhe protective tayerl A2 cbxtendingpotodapdkiieiween the
vias 140 are fe d.prior tp subsegquent,steps. for ing.conductive material i the via 140 and
Wt 4 s} et g D i RS R UL oo
120 after additigfhiagnbateraieHave beenedimpodedtierepiatimor SxisrbisleorbigihwpmpiaRlgirel ®ic, a
dielectric layef, hasReeR dishased %&&hﬁlﬁfét shislacerlas fiithgisyRstatrmaterial Jzt aswell as in

the vias 140 and the terminal openings 111. A barrier layer 126 has been disposed on the dielectric layer

125, and an GPtR9HEnsMeathsyerotsspeirtishode 495 ik Babret sayl o aopitanidicdotdielectric

materials incligentEOsurparylenecaitpses, oxidesapdior atpei-auialisamaiatakhp Uitaiierbaiger layer
materials incluﬁ tunlgsten, tit niLtJam nitriiije .tantaltum,lcomlgfpup?s (%f tﬁ@ foreﬁ%oin materials and/or other
suitable thateFAIS" In S BRI TERTECHS Qe iyaP P51 GeEdYe ARNTEA Rt BiEReS& %8 illing the
vias 140 and9b% tepmenal openings lll. Tn other embodiments, a direct on barrier plating process can be
used to achieve the same result. 25[0020]Figure 2F illustrates the semiconductor substrate 120 after a

conductive m&@34I 112 haibduvihgispraged4h dmbodrenisothn gombietrhinatcopehidgs soldertfrrs.
conductive materigh]d2icanb& disnases b Railthendas At ansk Redtermindl.opeaiagR.l 1dcHsing a

bottom-up deposition process or other suitable process to form a unitary conductive structure 119 that fills
both the vias &6 Hh B {8RmIARI BREHRTgSIMIUGHS siutBLStep pifo Rarcan 158 s e d s Rhithout
realigning thesemicoorustas-substrate 120 between the operation of forming the conductive material 112
in the via 140 and the operation of forming the conductive material 112 WO
2010/045187P02BIUS20094t060484r embodiments, the conductive material 112 can be preformed (at least

in part) before being disposed in the via 140 and the terminal opening 111. For example, the
conductive material 112 can include a pre-formed wire that is inserted into the via 140 using a
wire-bonding process. In this case, the process described below for removing material from the
20  second surface 124 of the substrate 120 can be performed before rather than after the conductive

material 112 is disposed in the via 140.

[0024] When the conductive material 112 has been introduced into the via 140 and the
terminal opening 111 using a build-up technique (e.g., plating), the process can next include
removing material from the second surface 124 to expose the conductive material 112 in the
25  terminal opening 111. For example, in a particular embodiment, the substrate material 121 can
be removed (e.g., in a backgrinding or other removal process) up to the dashed line L shown in

Figure 2F.

[0025] Figure 2G illustrates a portion of the substrate 120 shown in Figure 2F, including a
single via 140 after the substrate material 121 has been removed from the second surface 124.
30 As shown in Figure 2G, removing the substrate material 121 can expose the conductive material

112 to form a first terminal 110a. The resulting first terminal 110a can have a width W2 that is



in the terminal opening 111. This operation can also be performed without the need to form a vent hole at
the end of the via 140, which further reduces processing time. [0021]Suitable technigues for introducing
the conductive MatéHa*#1% into the via 140 and terminal opening lll includ® btV HE tited to pulsed
chemical vapor deposition 5 (pCVD), ionic physical vapor deposition (iPVD), atomic layer deposition

(ALD), electroarafting, POUGRYPEDAIRHNG: 3pdheleqtialess plafingy iy Ulid R GoRMGHY oarrials

include copper, aluminum, tungsten, gold and/or alloys of the foregoing constituents. In particular
embodimentdNthel ¢ aAdIENE FRaEdatur 2G5 deTetP R BEE et AENE SEBERIGhich PisiEdiRanced

purity when capargd s leckolessidisparegdinaietadizcand whencempaseshiosdi@selder. ffer example,
the conductiv&rgaterial can be at least 90% copper and in some cases, 99% copper. [0022]In still further

particular em W@ﬂ%@?%@%ﬁéﬂ@%eﬁ%%ﬁal 112 is solder free, e.g., it includes no solder or no more
than a trace t of solder.. It is expected that s a erial selection.c roduce conductive
structurea% Wiwgﬁance c%rﬁiét&(e:%ﬁ/lﬁi}% aﬂé?g}el%?trﬁg:?uﬁa c?#laterz?élr'[setritset?cn;w[b(yg%ncgltl[l(ljbffjr%ﬁlgrcl{e&
embodimentsiciivadioadinstivelmranteizitits 20Eahdeubsetiemed (st 16ust ihighrt) dafbsitseirgrapsposed in

the via 140 apd thedeppinal eperinghile, For sxamplgy theranductivedntengl 12.canjpcludea
pre-formed wire that is inserted into the via 140 usggqea wwe-bondmg é)rocess. In this case, the process

described beRStiH6e 18niaving ATaHRrAl REATtHhE1ondEREHE SurtlecPl 2210f tHOSHHERA{R PHEFDe
performed befpkerrather thanafteskhe Gandyudivaibed above. The width W1 can be 20p or less (e.g.,

10 10w or 5pu).

[0027] In a particular aspect of an embodiment shown in Figure 2G, the first terminal 110a
can have an exposed conductive surface 118 that is generally flush with the second surface 124
of the substrate material 121. Accordingly, the resulting conductive structure 119 in the via 140
and the terminal opening 111 extends through the substrate material 121 from the first surface
15 123 to the second surface 124. In other embodiments, additional substrate material 121 can be
removed to as to further expose the surfaces of the first terminal 110a, ¢.g., to form a "bump."
For example, Figure 2H illustrates a second terminal 110b that is formed by removing additional
material from the second surface 124 of the substrate 120 in the regions surrounding the second
terminal 110b. The substrate material 121 can be removed using a wet etch process, or a plasma
20  dry etch process (e.g., with an SFsO; chemistry). The dielectric material 125 in this region can
also be removed. This process can produce electrically conductive, outwardly facing surfaces
113 that face laterally outwardly from the via axis V, and project axially away from the second
surface 124 in a tapered fashion. Accordingly, the outwardly facing surfaces 113 can increase
the exposed surface area of the second terminal 110b (relative to the cross-sectional area of the
25  second terminal 110b) available for establishing connections with adjacent devices. In other
embodiments, the outwardly facing surfaces 113 can project or otherwise extend axially into or

against the structures of adjacent devices to establish electrical and physical connections.

[0028] The second terminal 110b can include conductive materials in addition to the
conductive material 112 that fills the via 140. For example, the second terminal 110b can
30  include a flash coating 114 that is applied to the exposed surface 118. The flash coating 114 can
facilitate electrical connections with adjacent devices. In a particular embodiment, the flash

coating can include tin, gold, indium or other suitable electrically conductive materials. In
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material 112 is disposed in the via 140. [0024]When the conductive material 112 has been introduced into
thc via 140 and the terminal opening 111 using a build-up technique (e.g., plating), the process can next
include removin‘ﬁ%ﬂ&?ﬁ?ﬁam the second surface 124 to expose the cond&i&tlV %9%%’8@&'?112 in the 25
terminal opening 111. For example, in a particular embodiment, the substrate material 121 can be

remaved (e, DRCkgAYIRGAL ANPLLETOVBLRLASRAR) WP RtheicRsiscting aliowada Figure 27

[0025]Figure 2G illustrates a portion of the subs own in Figure 2F, including a single via 140
after the subdttecHstaefipmatks been removed from the second surface 124. 30 As shown in Figure

2G, removinit#e substrate materigl 121 can expose the co&%}ﬁtive ma}eri? 112 to form a Tir t terminal |

10a. The restitiAdlfirst tériiFad 108 EEHH ab e BPHGMAAYS tuiGs pgiet 110¢ that also includes
2010/045187REIIS200NEA6R4R4 gidisiter tharha contespondiiy macttiaW110f thinviaid 4@rikatardingly,

the first termingl 108 gan nelile, addiianal exposed surfac arsa fof onasela e diacent syuctures.
A passivation %yerl]}% can then be disposed on the second surface 4 to protect the second surface
124 after the fontagbihg dawekyriidtiingoperanowd 510006 1 Thefdhimeprivadveftiatenid 14D anadhesirst

terminal 110g;cag Re.splesier depending Mpomsharasististics Qhthe substiataita0twfomu-ighly

conductive, compact electrical paths. For example, for an initially 800p-thick substrate 120, the via 140

can be select¥df#6craee kBT P afiferdiasiah STONHIE g Betyssbsipldthbatb Maiftiedupsirate material
121 can be bagkg@nndlaFadascribgdcabove, TheanigRwWwiccanbanteftal I8ssi®idand clectrical

10  continuity with the conductive material 112.

[0030] Figure 2J schematically illustrates a portion of a semiconductor assembly 100 that
includes a first die 101a electrically connected to a second die 101b in a stacked arrangement.
The dies 101a, 101b can include buried microelectronic elements 130 (e.g., capacitors or
transistors) connected to bond pads 132 with lines 131. The bond pads 132 are in turn
15 electrically connected to the conductive structures 119 in the vias 140. The first die 101a can
include first terminals 110a generally similar in configuration to those described above with
reference to Figure 2G. The second die 101b can include second terminals 110b generally
similar in configuration to those described above with reference to Figure 2H. The two dies
101a, 101b can be brought together with the first terminals 110a contacting the second terminals
20  110b. In one embodiment, the exposed surfaces 118 of individual first terminals 110a can
contact the exposed surfaces 118 of corresponding individual second terminals 110b. In another
embodiment, one or both of the first and second terminals 110a, 110b can include a flash coating
114 (Figure 2H) that contacts the other terminal. The terminals 110a, 110b can be connected
using heat, pressure, and/or other forms of energy (e.g., ultrasonic energy) to fuse corresponding
25  first and second terminals 110a, 110b to each other. For example, the terminals 110a, 110b can
be attached without reflowing the terminal constituents (¢.g., by applying pressure, or pressure
in combination with ultrasonic energy). Suitable representative processes include ultrasonic,
thermal-sonic and/or thermal-compression processes. In one embodiment, the second terminals
110b can project axially beyond the corresponding second surface 124 of the second die 101b to
30 engage with the corresponding first terminals 110a of the first die 101a. In some cases, a gap
105 may remain between the dies 101a, 101b in the interstices among the terminals 110a, 110b

after the attachment process is complete. The gap 105 can be filled with an underfill material or
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1010Ft or 5Ft). [0027]in a particular aspect of an embodiment shown in Figure 2G, the first terminal 110a
can have an exposed conductive surface 118 that is generally flush with the second surface 124 of the
substrate matergxpfﬂo./ %@é‘grdingly, the resulting conductive structure 119 i HEHE UB*3hd the terminal
opening 111 extends through the substrate material 121 from the first surface 15 123 to the second

surface 124. b%glthﬁﬁﬁm@qﬁmﬁgf?,e.ag,difﬁ&a'téug%a@gﬁmﬁger@é 1zl €an Be.Lemoveq I agdaurther

expose the surfaces of the first terminal 110a, e.g., to form a "bump." For example, Figure 2H illustrates a
second termiff@bediolsitiathe torRideBy resmblingnaltirRiaran Heaation serariHy seubrdostifate®4 of the
substrate 12@4Frihedsegions surrounding the second terminal 110b. The substrate material 121 can be
removed using a wet etch process, or a plasma 20 dry etch process (e.g., with an 8E1602 chemistry).
The dielectrid0taitérial 125 Hiptines2de ghorficanmalsedoad enoveth, TR processk ahsoptadtdcecetestdcally

conductive, oytyardy fecina sriases At face aletelinoutwardy from fhe e i, and project
axially away From_ the second surface fﬂ_lln a tapered ashion. /R_ccor ingly. the outwardly facing surfaces
113 can incréeseinhle ékostdoshgfzoebadancofstibesstadivg eeianipiins 1oty iectatbpehtdichd CrosKlbectional

area of the 25,sqgond daEminabL 10hkavailable danssanlishing goansctions Wit adirgeni.deviges. In

other embodiments, the outwardly facing surfaces 113 can Eﬁr&ect or otherwise extend axially into or
against the sk9EIFES &p facsnt et iadigre R R thrtdha hansiiidie p e ohictich i9d828] The
second termigaitddiQd capdnslbg e srNehastive metesiaisdniadeition tadbencargugdivamaterialgld? that fills

the via 140. For exampje, second terminal 110b can 30 include a flash coating 114 that is applied to
the oxpotot SHHALE 118! 1T TG EAING AR VL B By e

lBeHEaPcdnnedtions with adjacent devices.
In a particula (ﬁﬁkZOdim t f ti ing! i, gald..indi r suifabl gtrically
conductive m[aterl Is. Inq{\l}\féggg%%ﬁ%%%%@%%Aggéﬁgli(%oﬁggfg%%ﬁra 8tf1§l Iggi;g%%%%r?lgﬂl%} can be
applied using&isédd ctebiess fordeessingaipicibeves inotigewird: thdilishef frvhdik.101a retains its

orientation. Accordingly, the exposed surfaces 118 of the first die 101a contact the bond pads
132 of the second die 101b. This orientation can be used to stack more than two dies in
15  particular embodiments. In other embodiments, the foregoing orientations described above with
reference to Figures 2J-2K can be combined, ¢.g., when the assembly includes more than two
stacked dies. For example, a third die can be stacked on top of the second die 101b shown in
Figure 2J, with exposed surfaces of the third die terminals in contact with the bond pads 132 of

the second die 101Db.

20 [0033] One feature of at least some of the foregoing embodiments described above with
reference to Figures 1-2K is that the conductive path through the via 140 can be formed
concurrently with forming the terminal 110 at the end of the via 140. As a result, the overall
conductive structure 119 within the via 140 and at the terminal 110 can be generally unitary and
homogeneous. In particular, the same conductive material can fill the via 140 and the terminal

25  opening 111, without forming a material boundary within the overall structure 119. This
process can accordingly produce an overall conductive structure 119 having an increased
continuity when compared with existing structures that have boundaries between vias and
corresponding bond pads. As a result, these structures can have increased reliability when

compared to existing structures.

30 [0034] In addition, the via 140 and the terminal 110 can be formed without the need for

using a mask/lithography process at the second surface 124, which is typically used to form a



[0029]Figure 21 illustrates a representative third terminal 110c that also includes conductive materials in
addition to the conductive fill material 112.In this particular 5 embodiment, the additional material can

include a solder VA1 Y8 e solder ball 115 can contact the downwardly fé’&ﬂ@%&%‘%@@éurface 118 of
the conductive material 112, as well as the outwardly facing surfaces 113. This arrangement can give the

terminal 1106 jagreased ﬁﬁﬁflﬁ“‘a‘? e PLEANRECNG I AHACRIL SIUEIT6S rRERAUGE D R-SOldRL Dall 115
y

extends around the outwardly facing surfaces 113, it can provide both increased physical and electrical
10continuity WTYREEGHEUEHEXRsatEr PP oAt iiRHE 2 Steb mEpratically it dir B CAEHISA of a

semiconducteicassembhf 4R Hhaddaeltes abiegidiedlarelasticallyonsresedte ssesomd gie 101b in
a stacked arrangement. The gggésfélOla,,lOiP can include buried microelectronic elements 130 (e.g.,

capacitors ortrSHSSR5PE) ¢dh 4o BHRdPEEE 132 with lines 131. The bond pads 132 are in turn 15

electrically c ted to the conductive structures 119 in the vias 140..The first die 101a can include first
terminars 11000 Sherally o G e e e R R TS
The second dRM@Dgusser inbliidécsdeomdeepatihakea kDbdjerteraiyihsivpkiptincohfijnationvis tHose

described abgye withre{aranaerseFiguiR 2hnTaeio diss0taqloikaanhe auahttegethar with the

first terminals 110a contacting the second terminals 20 110b. In one embodiment, the exposed surfaces
118 of individtfalHratdernirral 1ho s2eroBamtiRt thid B XpEbed aufissscd PBVrcbifedpdififtiiRtividual

second terminaiscliliimd paneihar @ basinenionse: isgeathyefdhagfiist ant, seaoudlierdnalaild Oa, 110b
can include ai:flash co§tin§ 11?. Figure 2H) that c%ntacts the oﬁg}er terminal. Theﬂtlerminﬂa 110a, 110b
3 RS Hedt Préssue shar S%FmeP?%??ﬁssCé‘fler?el%iﬁ?[(‘&8??%?%\soemvéaenergy %8 fuse

can be connecte il
corresponding sl fihst aindld@condtedmnnalsd t0asutiity to &ach thinevidsathexasm plBetineitgratohals 110a,

110b can be O@%@Sﬁ%’ WiEnout 6?!'%"5%%8}!%8 (&ﬁﬁ}i{%aés%‘?ﬂﬁfé“{& WR (G Pz‘b"r@@gg ﬁfﬁ%&%ﬁf;‘? tRfpPressure

in combination with ultrasonic energy). Suitable representative processes include ultrasonic,
thermal-sonideseyens thetnraleesnprtssidriptocassasfarorwambodiment, the second terminals 110b
can project axially beyond the corresponding second surface 124 of the second die 10 Ib to .30 engage

with the corrd@Ptlding firHsininaE ThHast tH SHiBc I S SR SO Eaag LoR Y VE 8 MY Yemain
between the gigtd GhapkOihbait sheiidtessticasrainongbihBnieniinalmd Harlokifh attaetheatiachment

process is copplete, The gan 405 Gan b flled yith 2 pyderfl BAIeral ok Wk, vtr o those
described above. A terminal opening 311 can then be formed at the bottom of the via 140, using

processes that may form shapes other than the generally spherical shape described above. For

example, an anisotropic etch process can be used to remove substrate material 121 in a manner

20  that is aligned with crystal planes of the substrate material 121, producing a terminal opening

311 having generally flat sidewalls. Representative processes for forming such openings are

discussed in de Boer et al. (March 2000), previously incorporated by reference.

[0037] In Figure 3B, a dielectric layer 125, a barrier layer 126, and an optional seed layer
127 have been disposed in the via 140 and the terminal opening 311. The via 140 and the
25  terminal opening 311 have then been filled with a conductive material 112 using any of the
foregoing processes described above with reference to Figure 2F. Material from the second
surface 124 of the substrate 120 is then removed to form a first terminal 310a having an exposed

surface 318.

[0038] Figure 3C illustrates a second terminal 310b formed by removing additional
30  substrate material 121 in a manner generally similar to that described above with reference to

Figure 2H. Accordingly, the second terminal 310b can include outwardly facing surfaces 313
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other suitable material, e.g., prior to encapsulating the stacked structure. In particular embodiments, the
completed assembly can have a configuration generally similar to that shown in Figure 1. [0031[In Figure
27, the first and ¥& r\%%?églola, 10lb arc stacked so that the exposed 5 sﬁﬁyggé%ﬁ%ﬁ% the first
terminals 110a contact the exposed terminals 118 of the second terminals 110b. In other embodiments,

the relative O{fFan\l%%WbQ SNERY RO PIGHAQY341910 GaB e RNRHES frQ A RMRICHL NG SmPodiment,

both dies 10la, 10 Ib can be inverted (compared to the orientation shown in Figure 3J) so that the bond
pads 132 of FMfstivie riritle dptageeifeddbbirRp bR rp 4SBTl GPie YEE0REHRCL (BB the

exposed surfagesrll@ RELORPEH diR kodbatiRh face Rrinadlyite:g.2ypwardly and downwardly in Figure
2J). [0032]In another example, shown in Figure 2K, the orientation of the second die 10 Ib is inverted

relative to thg@®3@ntatiorFghondDnlkiguates2J thiddilerthm 41r 31 Ciecdifiguretansciisrdsientaiibmnédeordingly,
the exposed syifaces b e st die 104a.coniadhingand padsdag o he sscend dis Jgp. This
orientation can be used to stack more than two dies |nnie§1barticula embodiments. In other em odiments,
the foregoingpoiie trattorey desuribed thh soeduithy safateridle 1t Figihte sirjtarnehppbeiznmidinethe.g., when

the assembly pclgehMera Ham iV SIAKES SRR X AR Soadi it din G Rensireked endop of the

second die 101b shown in Figure 2J, with exposed surfaces of the third die terminals in contact with the

bond pads 138 TRERRSAT R LA BroofsoSsitHedreaag of HriesepRiSnike sF iR redoing be

embodiments geseiibedabruamwitatrpferenomin Figivrs Ir2kuisthat theceanductivedpasiithrongh the via
140 can be formed concurrently with forming the termjpal 110 at the end of the via, 140. As a result, the
! i PR R whl ] .

overall clgnduéﬁ%tlélﬁt%%t e VIRRIA & Ui 1 A9 En LTAPhisaIeTite d&h 12 ecr%lg?alﬁlﬂtﬁrﬁ?tary and
homogeneous! Anphocotat]thie sasddayon tiictiTaismatenginoan ¢hthediackABiahdthedédiinahd5 opening

I, without fogm ial b ithi | 19 Thi -cordingl
pro(‘]’l‘ﬂceogn 8\5,@5%5?8%‘@%6‘{ 'l é’e‘é@&f"%‘f‘!{%'Tfﬁ‘%@éﬁﬁ?&ldﬁﬁ%‘ﬁ%‘f@nﬁ'&)u tlrtﬂdfﬁa&%%saﬁ%ﬁcﬁﬁ% ngly

uctive structure 119 having an increased continuity when compared with existing

structures thathae doundities petwseh Mias thathodriesper dily honpmdsnate seéstritiéddostructures
can have incigaged:rgliaiility when compared to existing structures. 30[0034]In addition, the via 140 and

the terminal 110 can be formed without the need for using a mask/lithography process at the second

surface 124, woim) is tymgalysusedd® $erimudtrate another process for forming a terminal in accordance
with another embodiment of the disclosure. As shown in Figure 3E, in some cases, the
conductive material 112 applied to the surfaces of the terminal opening 311 and the via 140 may

leave a void 316, e.g., in the terminal opening 311. While voids are generally undesirable in
most semiconductor processing operations, the void 316 shown in Figure 3E may be readily

20  accommodated and/or accounted for. For example, as shown in Figure 3F, when the substrate
material 121 is removed from the second surface 124 to uncover the exposed surface 318, the

void 316 is also exposed. Optionally, the void 316 can then be filled with a second conductive
material 317. For example, the void 316 can be filled or partially filled with a flash coating, and

the shape and additional surface area of the void 316 can facilitate a strong physical and

25  electrical connection with the coating. In another embodiment, the void 316 can be left intact
and can be used to receive conductive material from a corresponding terminal structure of a
neighboring (e.g., stacked) substrate. For example, the void 316 can receive and connect with a
solder ball or other terminal (e.g., the second terminal 110b or the third terminal 110c shown in

Figures 2H, 21 respectively) from a neighboring substrate.

30 [0041] Figure 4 illustrates another embodiment for forming the vias 140 in the substrate
120. In this embodiment, a protective layer 422 is applied to the first surface 123 of the

substrate 120, and to the sidewall surfaces 141 of the vias 140. In some cases, the via 140 may
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WO 2010/045187PCT/US20091060434 bond pad or bump at the end of a via. Instead, the structure can

be formed using less time-consuming and less expensive deposition and selective etch processes. This in
turn can reduce e AELA of time needed to form the conductive structure tT& 39 f?@%&%re the cost of
the die or other product in which the via is formed. 5100351Another feature of at least some embodiments

of the foregoipg, p E%EE%%leié thab qé?‘g§%’¥E&%‘%gl§z°f&}{gsfé9§¥ﬁ3§§c§&?rgl£{%%€}r%ﬁ{aﬂ%ﬁﬁl@ Rasthelyeen the

operation of filling the via 140 and the operation of forming the terminal 110. Instead, as discussed above,

both structuré3'eathpERIERIEE BBt oPtHSARIE bpERaion. tetifidarirb susacarstisgud bsenthe via 140

can be formeg,4giga ProcessasshatieeducrfaRr-sealinpethearverallyodnbasaiciatcaylingricabwalls. 10
For example, a continuous, anisotropic etch process can he used to p[oduiét e via 140, As a result, the

via 140 can b 1B EEHEREBREHHSHG RS Pt TR L IS NS Aol e a g ateh FRBcs S84 SHHECEan use

the limitegl voldMendviaskabde andheisubgitabe 120 mroferetticidrtiyythénrpigdessehdhabpradedeyeontoured

and/or non-u%']a‘grmAwalls. 1 036JbFi(gure 3A-3F illustrate represeecpg$t£'\0/e %{oce seg&gré&r&rig&gonductive
e

. .. S Tésult, enibo ents o 1S, ProCcSS are’'c reauce. u .
terminals 15 having sFiapes in accordance with fdrther embodiments of the disclosure. erring first to

Figure 3A, a Wavi4d is formidd pondedibstretaingle asigprovebseslyenibraiisisimitamiog iesédescribed

above. A terrgipal QRERING 3L Gamthenbedormed at the bottom of the via 140, using processes that may
form shapes other than the generally spherical shape described above. For example, an anisotropic etch

process can pgoysed to remoye sidbstiaternaatesiabldd dosarmianner inthatimaligiesuvsthresysial planes
of the substrate material 121, producjng a terminal opening 311 havi enerally flat sidewalls.
Represciat 16 TR BSo T BIIAG: SEeH BELRRLS S HIGISASEH 1 HE B 0e) P (HFEHT600),
previously inéowperatethdpiéderenoel/ G0N borkidix 6y38ma, dietpctsiantayer d2mddoalwdridayieral26, and
an optional seed |ay. ha en disposgd in.the yia 140 an terminal. openi Jhe via 140
and the 25 tegfr%lenalﬁg%ﬁ%r% %éla_’lLQﬁlavlg tﬁgln bé 1ﬁreﬂﬁéd v%t%yg ecor?cﬂ?(;%tﬁ/elgnbaq{%eerialﬁﬁ%%%gﬁlgésa’ny of the

foregoing proveswsys gk ceibedBHGeRiithMeféeeh sty Biguesor Pihwateriapfrofavike) sepwHeuseiface 124

of the Sl_JbStr%F&zﬂfng éhenyremayisst t&f%mtﬁlﬁkrﬁi&@ﬁﬁHﬁ@&l&ﬁ&%ﬁms@&n@@oﬁ%ﬁéﬁﬁ%%& _
[0038]Figure 3C illustrates a second terminal 310b formed by removmggddltlonal 30substrate material

121 in althanR@PGEHEIER RIFISFIIIHALFBE QNS ABREMtIPPTEHmEgstes described above with

reference to Figures 1-4 may be included in any of the devices shown in Figure 5. The resulting
system 500 can perform any of a wide variety of computing, processing, storage, sensing,
imaging, and/or other functions. Accordingly, the representative system 500 can include
without limitation, computers and/or other data processors, for example, desktop computers,
20  laptop computers, Internet appliances, hand-held device (palm-top computers, wearable
computers, cellular or mobile phones, personal digital systems, music players, cameras, etc.),
multi-processor systems, processor-based or programmable consumer electronics, network
computers and mini-computers. Other representative systems 500 may be housed in a single
unit or distributed over multiple interconnected units (e.g., through a communication network).
25  The components of the system 500 can accordingly include local and/or remote storage devices,

and any of a wide variety of computer-readable media.

[0043] From the foregoing, it will be appreciated that specific embodiments of the
disclosure have been described for purposes of illustration, but that the foregoing systems and
methods may have other embodiments as well. For example, while certain of the embodiments
30 described above were described in the context of semiconductor packages having two or three
stacked dies, in other embodiments, the packages can include other numbers of stacked dies. In

some cases, the via 140 may not extend completely through the substrate, e.g., if the substrate
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Figure 2H. Accordingly, the second terminal 310b can include outwardly facing surfaces 313 WO
2010/045187PCT/US20091060434 that project beyond the second surface 124. The second terminal
310b can includ® A% YHHAal conductive material, for example, a flash co&’ﬂé‘lﬁgﬂa’l‘?@ﬁ%ed above with
reference to Figure 2H) or a solder ball (as discussed above with reference to Figure 21). [0039]Figure 3D
illustrates a thirel tepiming), 3 P conligusd i AccardancewitharotherR embagdimant of thegiselosure. In
this embodiment, the backgrinding process has been halted prior to removing any of the conductive
material 112 RiAIPIERETMRISE- ISRty Bhe! Fordlelinsienesiatdhalste PasBEe el dg femoved

from around the seasguctivemateral ddLltmibatayminatarening adltpdmtne lisiatacmsicwgture. For
example, the substrate 120 can be exposed to an etchant that pr?ferentially re%oves theI substrate
material 121 t%m SL8iBty (R TR E R 25 e B PRSEF 26 While Rt smoving the
conductive matérainddiZzsatid optiondllyathbeseqodayes tamcEhibaplangenentckad) pliodudaCdBihid terminal
310c that projeets beyand e second syface. 124, by and addijonal amayniand proyidss. an dditional
volume of conductive material 112 at the third terminal 310c ?oPconnectlng the substrate 120 10 adjacent
structures. 15f0040fFigliretBE add-emiltisg she mmbusetpeovesofdiforenimgreicerduicial intstetrtance with
another embaginent, afde AisclRsuie 1 A%81IRRVAAR RiaYie 3k NSRS fRSEsrINR CPRdNCiug paterial

112 applied to the surfaces of the terminal opening 311 and the via 140 may leave a void 316, e.g., in the
terminal operfiRg DRIty A atBE PSR IREEEEFBble in most semiconductor processing
operations, the vqgid 316 shown jn Figure 3E.may be readily 20 accommaqdated and/or accounted for. For
exampietns NN in FGEHESEIHE Aot e heatEbart 21 BTN e oA e SdEBhePburtace
124 to uncovesttivinekposkaisaifd te 18, dinbodmet 316 Featsaneptpabe grddptiotatiytitiieheoid8tBlcan then
be filled with on jye.materia fqr.example, the void, 316.can be fille grtially filled
with a flash c%laf?%?r%? gér\%?%ge&g‘%p%%nd g(}(lj%g%aﬁ sltgrxé%ce%regeoipﬁég\i/o%(? 13%% caﬁgfam ?(tgét% zisstrong
physical and W2t éhscedadredrmeatowewithena coansilthamsihe Fenisedifhenprehesy ofdranevées be left

intact and cag,Bg4edJRIBCRIE £eNLNAIVE MAtHAIILHR & iRErRIMSRMINOHBIRNSESIHaIe £ a
neighboring (e.g., st.acked?1 substrate. For example, the void 316 can receive and connect with a solder

ball or otfier RFHRREFE hink uegherteiRgh A PTOBOF ESthir frfhinalrilse sHBGHsAtGLEY 2H, 21

respectively) fgamsaaagigiataringis Weakate 30 04dlE gure ditlnsidasestanoibh enembngdimentiosdorming
the vias 140 in the, substrate 120. ltp 1is embodiment, a {)otectigefja er 422&'5 aﬁ)lied tg the ﬁﬁft surface
0 lﬁ 1t C ca resu t all

123 of the sub$ r%\(%lemf%i A o R SIASWAIaces o e VISE 150 IS sSEie ¢ades "theVia 140
may -11- embodiments need necessarily exhibit such features and results. Accordingly, the disclosure can

include other embodiments not expressly shown or described above.
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WO 2010/045187PCT/US20091060434 have a high aspect ratio (e.g., a relatively long length and/or
relatively small width), which can cause the protective layer 422 to more readily attach to the sidewall
surfaces 141 than to the end surface 142. As a result, the end surface 142 may receive little or no
protective material 422. This arrangement can eliminate the need to remme the protective layer 422
from the end surface 5 142 and instead, a terminal oPenlng can be formed directly after applying the
protective layer 422. As a result, embodiments ofthfs! Mecess are expected to reduce the amount of
time required to form the conductive terminals, and can thereby reduce the cost of forming the dies or
other end products from thc substrate 120. [0042]Any of the semiconductor packages resulting from
joining th&/swigitrates in 10 accordance with the methods described above with reference to Figures
1-4 can be incorporated into a myriad of larger and/or more complex systems, a representative
example of which is a system 500 shown schematically in Figure 5. The system 500 can include a
processor 552, &. meméry&ﬁﬁ&c(ruigcl@l@ﬁMnlﬁ)RAanlﬂsihgnemory and/or other memory device),
input/output devices 5 on&ecior L Sensor ?nnc ols tragssﬂbqra?é anc /(?Ira?l#cr substzst ms. 8rr g:o onents
558. 15 Semicénductor pa packages havi Ihg any GRSt a Combination of Sattired GEECHBEd dbove
with reference to Figursscdnd maprbamiamedeuldlmrarwpmﬁﬂgeedmndeg sfrmwmhm anummjiar“éha‘aeesmdimg
system 500 can perfor o wide var &}e utin ocessing, stor en ing,
ndor other functions D SEHAT P ife Jhs el OB Ly o S SRS AT R
computers and/or othegxdetdipgogessaildy foomxanplehadaktomagompurters, 2@ lapliop doah poieien
Internet appliances, h?d -held deV|ce galm tor% ggr{]lfuters eara&}% com ute(f ellular, or. moblle

H

phones, personal digitaf &y&ef gAY pinS @ssg Hase BPSHALL SHUpELIuding

processor-based or pregramahaoleicorstindingleciiovscs twethodyiodnicalgrsraoa andhiksersgetings.
Other representative s stems 5 0 may be_housed in a single unit dlsmbUtBﬁ over muylti

I
interconnected units (e o?HFFﬁmrc otﬁrHHRf?l .' éngo?n\ﬁ %&@8‘? Ip@%@!&% 500

can accordingly lncludmlqwbmnd/@rm%e ptjoagerfiee aes.iagrbaey hha addeespoathinef width of
computer-readable meﬁiga&%?é({)ﬁz]? ﬂiom the foregoing, it will be appreciated that specific embodiments
of the disclosure have &8 burposes of illustration, but that the foregoing systems and

methods may hava@mermmim@m@gaﬁewﬁl Vofunexahelshaubilgecaisedniaf disp esedaodimentsnado
described above were d cribed in the con of semjconductor p fntﬁgn s having two or three

stacked dies, in other § IFRERTYRA 54 ké JEIHNACIRRRIBhE OBR B 08 P AEEUKE

material forming a conductive path in the cylindrical portion and at least a
portion of a conductive terminal in the terminal portion, the conductive terminal
having a cross-section that is convexly rounded, wherein the cross-section is
taken in a plane normal to the second major surface, wherein the convexly
rounded conductive terminal projects away from the second major surface in a
direction away from the first major surface, the conductive terminal having a first
cross-sectional area and a second cross-sectional area greater than the first cross-
sectional area, wherein the first cross-sectional area is in a first plane that is
generally parallel to the second major surface and includes an outermost surface
of the semiconductor substrate and the second cross-sectional area is in a second
plane generally parallel to the first plane and positioned beyond the outermost
surface; and

a microelectronic element formed in the substrate material and electrically coupled to the

conductive material.
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some cases, the via 140 may not extend completely through the substrate, e.g., if the substrate WO
2010/045187PCT/US20091060434 forms the topmost die shown in Figure 1. In such cases, the via
140 may still be used for thermal purposes, e.g., to act as a heat conduit or heat sink. The same
processes described above can be used to form the via and terminal, but the terminal is not exposed
at the second surface of the substrate. Such substrates can also be used for planar (unstacked) dies.
In other 5 embogtimentSNEASEEMAK AT & exposed to connect the planar (unstacked) die to PCBs

or other supporijRerinare ebssRgHatesrtANhelUNS RIetesses iprferiging the foregoing connected
structures and connecting the mating structures of different semiconductor substrates can be carried

out at the die leVEIFE1. ARrRHEINBRHAAAY tAE tieSPRARCHCIIBVBR 3PS RrEREM QUMYAE h éNdfes)
and/or other processingjgiagssakORdH erriabidieatiep Ueredbasyin the context of particular

embodiments may be combined or eliminated in other embodiments. For example, the process of

coating the sideWRgreiiriaeassaedyifednehsomnriassererldsedal] ﬁ@ﬁt’@%@éﬁ%@%{ﬂﬂé@ {sr i tormed

in association with the gRn@WEMs: AR BSCERBIVIRRBE QSRR BIREFIBUFREN BEREERE AT ve
removing substrate material from around the entire terminal opening, as shown'in Figures 3C and 3D,

can 15 be applied to tH&"BHAlnal openings shown in Figures 2E or 2H. Further, while features and
results associated with certain embodiments have been described in the context of those
embodiments, other embodiments may also exhibit such features and results, and not all

embodiments n8ed ned&8sasasnadiitit stlatinfehtuieseindhe seardlustiverdrgatheagiss daesreas
include offagh eRPCHMABIH AT BYRBRIMHANCY QS UGRAMP S ABMR. AP LabRaafa of
semiconductor assembly, comprising, a semiconductor substrate including a substrate material having
a first mafof epptiee AhtBetntinakpertiiface, and an opening extending from the first major surface to
the second major surface, the opening including a generally cylindrical portion extending generally
normal to the first major surface, the cylindrical portion having a generally smooth, uniform surface, the
opening further fcludingesssamiplyl Pforkiom &xibatinpthacsndisiviortateogliicizicaldedassmatadial.
intersecting the second major surface, the terminal portion having a width generally parallel to the
plane of the first major surface that is greater than a corresponding width of the cylindrical portion; a
single, uniform, homogEmeagsevtilymefot keamd dctiviee reiatettial didputsidlinpbdibrthdoeglindtidavsortion
and the teéghigael&)%rtté% P;l}l’ C%pening, the conductive material forming a conductive path in the
cyIindricaﬁ portion And At 1Bas a portion of a conductive terminal in the terminal portion, the conductive
terminal having a cross-section that is convexly rounded, wherein the cross-section is taken in a plane

normal to the second [or surface erein the canyexly rounded conductive, termi rojects awa
o e seeoncEmajor L SRR BhEIEH LA e B e R EAC A ot O ER O i
having a first cross-sectional area and a second cross-sectional area greater than the first
cross-sectional area, wherein the first cross-sectional area is in a first plane that is generally parallel to
e sooand maidr cortaE R ITEIN. Pl b HE A el PR LA CoE LG, A the

second cpesiecietitenahasatsrieisaafinst danevagtesal ithpatadehtsttbe fist plane santdonslivoed
beyond the outermost surface; and

substrate.

8. The assembly of claim 1 wherein the conductive material has a concave, cup-
shaped void.

9. The assembly of claim 1 wherein the substrate material forms a portion of a first

semiconductor die, and wherein the conductive material is at least 90% copper and wherein the
semiconductor assembly further comprises a second semiconductor die having a conductive

terminal electrically connected to the conductive terminal of the first semiconductor die.
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a microelectronic element formed in the substrate material and electrically coupled to the conductive
material. 2. The assembly of claim 1: wherein the conductive terminal includes a solderless
material; wherein an outer boundary of the conductive terminal tapers laterally outwardly in a direction
away from the second major surface; and wherein the assembly further comprises a solder ball
attached to the conductive terminal, the solder ball being in contact with the tapered outer boundary of

the conductive t=?minal."e 285eFRl Qe AR of T WH SANACHYR GETIRA ANl BeReElY

outermosfpheriegladlvapk theetceting tRediRantith4a osaRecHiPhR aibarateaigioianadcreerremonal
area of the opening at the terminal portion. 4. The assembly of claim 1 wherein the conductive

material RUPEBRFE Aedacs afdhesemicandyelos suBsHBI of claim 1 wherein the cylindrical portion does
not have a scalloped internal surface. 6. The assembly of claim 1 wherein the conductive material

is at least 90% copper. 7. The assembly of claim 1 wherein an outer boundary of the conductive
terminal projectdlateralifeoaisearbly of £@iracliomhately entetAunslReRHEs: Reffarret trdlat walls

semicongygiRisSHRAER)Stal plded BEASSERMRLNALEIBITLBWAR'RIRdA conductive material has a

concave, cup-shaped void. 9. The assembly of claim 1 wherein the substrate material forms a
portion of a first semiconductor die, and wherein the conductive material is at least 90% copper and

wherein the seq@ondﬁggm&p& Efﬁﬂ?i,‘ﬂf‘fﬁé%\%ﬁ%@nd semiconductor die having a

conductive terminal electrically conhnected to the conductive _ter'minal of the first semiconductor die.
10. The assemispestidiayer onancdeier thruenyLdithe contdusiiveasaierjehelr s tepninat apshepeand

intersecting the s6erd AP RUHARREP L A UFAIR WRtP IR A REYARA e BHIBHTARE R TaRe o

the semiconductor subst
seed layer and the barrier layer project outward beyond the outermost surface of

the semiconductor substrate, and wherein the conductive terminal comprises the

seed layer, the barrier layer, and the conductive material.

13. A semiconductor assembly, comprising,

a semiconductor substrate including a substrate material having a first major surface, a
second major surface, and an opening extending from the first major surface to
the second major surface, the opening including a generally cylindrical portion
extending generally normal to the first major surface, the cylindrical portion
having a generally smooth, uniform surface, the opening further including a
terminal portion extending transverse to the cylindrical portion and intersecting
the second major surface, the terminal portion having a width generally parallel
to the plane of the first major surface that is greater than a corresponding width of
the cylindrical portion;

a single, uniform, homogeneous volume of conductive material disposed in both the
cylindrical portion and the terminal portion of the opening, the conductive
material forming a conductive path in the cylindrical portion and at least a
portion of a conductive terminal at the terminal portion, wherein the conductive
terminal has an outermost boundary that projects laterally outward beyond an
outermost surface of the semiconductor substrate substantially parallel to the

second major surface;
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11. The assembly of claim 1 wherein the terminal portion has generally flat walls aligned with crystal
planes of the semiconductor substrate material. 12. The assembly of claim 1, further comprising: a
seed layer on an outer boundary of the conductive material at the terminal portion; and a barrier layer
on an outer boundary of the seed layer at the terminal portion, wherein the seed layer and the barrier
layer project outward beyond the outermost surface of the semiconductor substrate, and wherein the
conductive ternfirfBI CBRMHHERUG KL QSAE TR dRepssHsalramaltipl AR ¢ lestiitRIy aiBlesi o the 1 3 o
semiconductor assemblyn fiQipsisiag-RISeMiconductor substrate including a substrate material having
a first major surface, a second major surface, and an opening extending from the first major surface to

the second maj8rS8EERET LABRAH G MERRINGTASSUIRIEG AR bR IPERIBAIRE GBIy
normal to the firglier Iaysfaseatsuedinsliiealpottior Sadng araener dirimepbhibpiipre swiree, the

opening further including a terminal portion extending transverse to the cylindrical portion and

intersecting the second9efhayeLFRstEeiRartistaver MoRiRAt AEVHRETLAYANY denariemost suEiaes Ak
plane of the first majoriguriggfcthirius o et e mACRrasRe ReingNidthw theniyinshiapliselting:; a

single, uniform, homogeneous volume of conductive material disposed in both the cylindrical portion
and the terminal portioff8fl {R¥ehjBR PRI TigTddEhdndithe sRndiri v matesial conductive path in the
cylindrical portion and at least a portion of a conductive terminal at the terminal portion, wherein the
conductive terminal has an outermost boundary that projects laterally outward beyond an outermost
surface of the semiconductor substrate substantially parallel to the second major surface; a
microelectronic element formed in the substrate material and electrically coupled to the conductive
material; a seed layer on an outer boundary of the conductive material at the terminal portion; and a
barrier layer on an outer boundary of the seed layer at the terminal portion, wherein the seed layer and
the barrier layer project outward beyond the outermost surface of the semiconductor substrate, and
wherein the conductive terminal comprises the seed layer, the barrier layer, and the conductive
material.
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