| NTERCONNECT STRUCTURES FOR STACKED DI ES, | NCLUDI NG PENETRATI NG STRUCTURES
FOR THROUGH SI LI CON VI AS TECHNI CAL FI ELD [ 0001] The present disclosure is
di rect ed worerol3b4r4t o i nt erconnect structures for stackedTdiseaionsiuidi ng
penetrating structures for through-silicon vias, and associ ated systens and
met hods. BACKGROUND [ 0002] Packaged sem conductor dies, including nenory
chi ps, mcroprocessor chips, and i mager chips, typically include a

sem cOoARVTFRCORNR{TeSTHIGAVRRF FOR £TSOHE PAED AAEURIHE S8 E TRAT TGS BSICTERES  FOR

pr ot ecTHRRAVCEOREALAHY . ViERe die includes functional features, such as nenory
cells, 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

ot her types of termnals that extend outside the protective covering for
connecting the die to busses, circuits, and/or other mcroelectronic
assenbl %ﬁ gMBr ket pressures contlnually drive manufacturers to
reduce e SI of "sem conduct or di e packages and to increase the

functi onal capaC|ty of such packages. One approach for achieving these
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dies in_ such a package are typically |nterconnected by el ectri cal

coupl i rf’geSt Hclusting nsaeftinge %tﬁeﬂaFSe for thrpugthsilicany o/ias tand b%ﬁﬁ%lﬁﬁ‘élssyétﬁmét Hk
die(s) 4 %&p package. [0004] A variety of approaches have been used to
eIectrlca y interconnect the dies within a nulti-di e package. One existing
approach is to use solder balls connected directly between the bond pads of
nei ghbBAOKGR@SNDANnot her approach is to fuse "bunps" on the bond pads of
nei ghbori ng di es. However, the foregoing processes can suffer from several
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bonds between nei ghboring dies nmay consune a significant portion of the
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t he bondln rocesscan limt the |ife of the .packa and/ or the her
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connected to pins or other types of terminals that extend outside the protective covering for

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

[0003] Market pressures continually drive manufacturers to reduce the size of

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
20 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
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 foregoing processes can suffer from several drawbacks. For
25 example, in some cases, the connections between bond pads of neighboring dies may be
incomplete and/or may fail under certain conditions. In addition, the temperature typically
required to form the bonds between neighboring dies may consume a significant portion of the

total thermal budget allotted to the package for processing. Accordingly, the bonding process



interconnecting dies within a sem conductor package. BRI EF DESCRI PTI ON OF
THE DRAW NGS [0005] Figure 1 is a partially schematic, side cross-sectional
vi ew of awpaelvages7éonfi gured i n accordance wth an enbodCRasR09/0543m

di scl osure. [0006] Figure 2 is a parti aI I y schematic, side cross-sectional

vi ew of an. erc ection arr erren n twa es in accordance with
an" enbadh it 151 IEHR 6 Bkasural S 86 e W ga‘s%la% e RUEPICaI R Stops
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of the disclosure. Figures 4A-4E schematically illTustrate processes

for formiercg)nnmtmgsiwvudnmagemwdndm:tquxaekaw a projection in accordance with
enbodi nents of the disclosure. [0009] Figures 5A-5D schematically

illustr f i j ection having a generally
arrommgéeﬁﬁgﬁbgm&@ﬁgt her enbodi nent of the disclosure.
[ 0010] Figures 6A-6B schematically illustrate a process for formng a

projsectjoges|havi mgouRé Oti§ W ph@ily dEHEmtid CHE@EioOISectiBnAGARY Gﬂ@@@cm"ﬁé Borap@kdter
enbodi ment of the disclosure. [0011 Fi gure 7 schematically illTustrates a

pr ocesgnhegordancaividy aa qurbsidinentoh tealisalgputiendritic structures in accordance
wi th an enbodi nent of the disclosure. [0012] Figure 8A-8B schematically
i1l ustrl@6@sla pr dtgss 2fora patiaiiyngehenprioj @dt icmss-kaviong yiewtafusi msscamdction

i ndentations in,accordance w th apot her nt o i scl osure.

[0013] 3EGETBLNSAVGEN LupdiraeR e%ﬂorc{}npff WHQ@P&F&’ QE é@g r51186 SPST mi ng a
recess in accordance with further enbodi ments of t he di scl osure. [0014]

Fi gur ed0¥A- 10Eigeere dat-deabehemaricallt rdbesrage prescesss fosr forming moiactiaasess i n

accltarldaag&?lrfi ceh;vﬁ{érhﬂocﬂ&%ﬁ@%hh%@?&%sﬁ?mS of the disclosure. [0015] Fi gures

11 A- rocess for connectl ng sem conductor substrates in

accord Wit not di nen he di scl osur 0016] Figure S a
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di scl osure. LED DESCRI PTI ON [ 0017] Several enbodi nents of the present
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devi ce I es, pac
generally arrowhead-shape in accordance with another embodiment of the disclosure.

15 [0010] Figures 6A-6B schematically illustrate a process for forming a projection having

protrusions and indentations in accordance with another embodiment of the disclosure.

[0011] Figure 7 schematically illustrates a process for forming a projection having

dendritic structures in accordance with an embodiment of the disclosure.

[0012] Figure 8A-8B schematically illustrate a process for forming a projection having

20  protrusions and indentations in accordance with another embodiment of the disclosure.

[0013] Figures 9A-9E schematically illustrate a process for forming a recess in accordance

with further embodiments of the disclosure.

[0014] Figures 10A-10C schematically illustrate a process for forming a recess in

accordance with still further embodiments of the disclosure.

25 [0015] Figures 11A-11C illustrate a process for connecting semiconductor substrates in

accordance with another embodiment of the disclosure.

[0016] Figure 12 is a schematic illustration of a system that can include one or more

packages configured in accordance with several embodiments of the disclosure.



sem conduct or devices and assenblies. Many details of certain enbodinents
are described belowwith reference to sem conductor dies. The term

"sen condwot20ro/dped i s used throughout to include a variPETHUSRI09ME431E] es of
manuf acture, including, for exanple, individual integrated circuit dies,

i mager di ' and/ or di es having other sem conductor features.
Many sp&tfglﬁg}%gngﬁo@ertai n enbodi nents are set forth in Figures 1-12
and the followi ng text to provide a thorough understandi ng of these

embodi MBRiA. Seweiahl AhBRIimeRk ¢ KRRt Snt ARCIAYE apOBEHBERDLIONSVitE RTRGARNT S,
and/ or processes different than those described in this disclosure. A

per son tgkpddkegkd nemivendwstay denicar tind tdseanelflms e andi inkthagprecifatreing hpackaged
addi tional. enbaodi nents be practiced w thout several qf the detail.
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schematic, side cross-sectional view of a sem conductor system 160 that
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enbodi nent. of the disclosure, . The ckage, 100 can i ncl ud ort nber
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ot her. For exanple, the swort menber 101 can carr]y a first sem conduct or
1

subst r atrevidd @ theroygr ndergendinpadiicscosmbedigentat Scvgal etherickubpdymenth gaf hawy

sem condugtor .substrate 110 nd a third.sem conductqr substrate 150

ot aiked bfibfres e 2R Sl anaBlerBr ROt ETLREDHOSE R BrT i 81 alkesure.
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the substrate to a neighboring substrate. For exanple, the first substrate

110 carbeimedtisdé withogt scyemhetthgrdstails and/anfeafiaescoft thoamodingentsebond 18 fksresat e

130. The,second substrat 0, can, include second connectors 131 that face
tovvardrht'%e’ aflﬁjragwtglu%g{tlroggle&%iﬁ agﬂ/grgeglﬁﬁ%sct with the corresponding first

connect 111. The second substrate 130.can also .include its own first
connect@@fﬂm Frgre dona dart '1E>’hscg€}?“?té“s FIRgS-85E8RY WEWNYct SPRIPBIUERT ¢ he
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include features that facilitate electri st gnal Tomuni cation wthin the
subst r anghodiFoent ex dnpdislosube Thapankhge $00ddn, ingBde e anppommmbeat @ that darotsher

features i.n the.sen condyctor substrates thr%ij?gh one Qr nore Vi
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and thengeqefnically with cach other. For example, the support member 101 can carry a first

semiconductor substrate 110, a second semiconductor substrate 130 stacked on the first
20  semiconductor substrate 110, and a third semiconductor substrate 150 stacked on the second
semiconductor substrate 130. Each of the semiconductor substrates can include one or more
connectors for connecting the substrate to a neighboring substrate. For example, the first
substrate 110 can include first connectors 111 that face toward the second substrate 130. The
second substrate 130 can include second connectors 131 that face toward the first substrate 110
25 and connect with the corresponding first connectors 111. The second substrate 130 can also
include its own first connectors 111 that connect with corresponding second connectors 131 of

the third substrate 150.

[0019] Each of the semiconductor substrates can include features that facilitate clectrical
signal communication within the substrate. For example, the connectors 111, 131 can
30  communicate with other features in the semiconductor substrates through one or more vias. The
first semiconductor substrate 110 can accordingly include a first via 112, and the second

semiconductor substrate 130 can include a second via 132. The vias 112, 132 in particular

3



sem conductor substrate 130 can include a second via 132. The vias 112, 132
in particul arenbodi nents can include through-silicon vias (TSVs) or other

vi as t hatwexvevdoaatirely through the correspondi ng sub®Cratseonmmsssns al to
facilitate interconnections with stacked dies. [0020] The package 100 can
include additional features for. providi o] nication with elenments
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substrates. The follow ng discussion describes additional features_ of these
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proxi mate to_the second substrate 130 such that the first via 112 and the
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The fi rdfcusoméstabeslatiditionel fuatassaf geseintatomgcetsdnsuct ure 114, and the
second connector 131 includes a recess 134 configured to receive the

penetr gpong St r ugdist @ kldn chiBgd® GRSSall3dcheantiballRtRtibRrdTes ifteace tdgidhan
be formed in whole or in part efore the penetrating structure 114 is
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20 V. The first connector 111 includes a penetrating structure 114, and the second connector 131
includes a recess 134 configured to receive the penetrating structure 114. The recess 134 can be
pre-formed; e.g., it can be formed in whole or in part before the penetrating structure 114 is
received in it. Both the first connector 111 and the second connector 131 include conductive
materials which may in turn include one or more conductive constituents. For example, the first
25  connector 111 can include a first conductive material 113 that in turn includes a base material
115 and a conductive layer 116, e¢.g., a coating or cladding. The second connector 131 can
include a second conductive material 133 that in turn includes a base material 135 and a
conductive layer or coating 136. As will be discussed in further detail later, the base materials
115, 135 for ecach of the corresponding connectors 111, 131 can be selected for structural and
30  electrical properties, and the coatings 116, 136 for each of the corresponding connectors 111,

131 can be sclected to facilitate, enhance, and/or protect the connection between the two

connectors.



115, 135 for each of the correspondi ng connectors 111, 131 can be sel ected
for structural and electrical properties, and the coatings 116, 136 for
each of tweewvesespondi ng connectors 111, 131 can be selPETIUSAIWM54313
facilitate, enhance, and/or protect the connection between the two
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i ncl ude a prelﬁﬁ plied BCB or SU-8 adhesive, a liquid crystal polymer, or a
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exposur to a S hex ari de The uIt quorlna t

o e FEPREvE EMob e SR pelitRbeSs DA S BTN Sl pP RS g
shoft rf&fﬂn‘i’%d Hags @ﬂ'lpﬂlﬁﬁelbﬁié’, Pennsylvania. In other embodiments, the adhesive 104 can be

an underfill material, applied after the first and second substrates 110, 130 are joined.

[0023] In a particular embodiment, the coatings 116, 136 include tin. Prior to engaging
the first and second substrates 110, 130 with each other, the coatings 116, 136 can be
fluorinated, e.g., by exposure to a sulfur hexafluoride plasma. The resulting fluorinate tin oxide
25  forms a dry flux which has favorable reflow characteristics, e.g., short reflow time and/or low

reflow temperatures.

[0024] In an embodiment shown in Figure 2, the first substrate 110 includes only first
connectors 111, and the second substrate 130 includes only second connectors 131.
Accordingly, the first substrate 110 can be deliberately manufactured (e.g., at the wafer level)
30  using steps dedicated to forming the first connectors 111, and the second substrate 130 can be
formed (e.g., at the wafer level) using steps dedicated to forming the second connectors 131.

Each of the substrates 110, 130 can accordingly be processed with as few steps as are necessary



refl ow tenperatures. [0024] In an enbodi ment shown in Figure 2, the first
substrate 110 includes only first connectors 111, and the second substrate
130 i ncl wlex0wrvi3y47d8econd connectors 131. Accordi ngly, tIRETUSREV/08433t r at e
110 can be deliberately manufactured (e.g., at the wafer |evel) using steps

dedi cated.to orm n e first connectaors 111, and t second substrate 130
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be processed with as few steps as are necessaryto formthe correspondi ng
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second d(‘?é‘?’fﬁDé’ tSP‘OgV 131 are described bel ow. [0025] Figures 3A-3D illustrate
a represent ative process for formng a first connector 111 jn accordance
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or ot her tive and/or subtractive processes. ating 22 can
i ncl udelidettrit amtetmdltltmgnstchﬂpoaéd etytherﬁmtt fiefacs u|4rZabe ercﬂea“ldh@tﬁlrstswfacb/ and a
adhesi v mat eri

adnes!ve. 11,9510 Prov e of_ shecit col o gatl on andl o, agiecton
P A AT LS D MRl
film Dbuss 122 can include a titanium/tungsten alloy or other suitable conductive and/or adheswe
20  material to provide for electrical communication and/or adhesion. As shown in Figure 3A, a
first mask 120a is positioned over the plating buss 122, and has an aperture 170 aligned with the
via 112. In a representative embodiment, the first mask 120a includes a wet or dry thick film
photoresist material, having a thickness of up to about 40 microns, and in a particular
embodiment, approximately 15-20 microns. The aperture 170 can have a lateral dimension

25  (e.g., a diameter) of about 10-20 microns, and can have a round, square or other suitable cross-

sectional shape.

[0026] In Figure 3B, the base material 115 is disposed in the aperture 170 of the first mask
120a, e.g., via an electrolytic process. The base material 115 can include nickel, copper, or an
alloy of nickel or copper in particular embodiments. In other embodiments, the base material
30 115 can have other compositions, ¢.g., gold or a gold alloy. A second mask 120b is then
positioned over the base material 115. The second mask 120b can include a sacrificial

protective layer, formed using under-bump metallurgy techniques. For example, the second



photoresi st material, having a thickness of up to about 40 mcrons, and in
a particular enbodi nent, approximately 15-20 m crons. The aperture 170 can
have a | averalo/@d4mensi on (e.g., a dianeter) of about 10PRO/USR@POMSI3 and can
have a round, square or other suitable crosssectional shape. [0026] In

Fi gure 3B, t base material 115 is disposed in the.gperture 170 of the
first Mok lfgga?n cyde pglladium cEReg ?fdaﬁlﬁﬁea Y dRyeriargRpdia apefestpless QUi 5
can i nyiyde,sicgkel , copper, or an alloy of nickel or copper in particular
enbodi nents. In other enbodi ments, the base material 115 can have ot her
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are also renoved, either via the sane process as IS used to renove the base
mat er i 5, or..via i fferent, ~subsequen rocess. ., [0028] Fi r D
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without requiring a high temperature process. When the base material 115 includes copper or a

20  copper alloy, the conductive coating 116 can be applied using an electroless immersion plating
process or another process, ¢.g., sputtering or an electrolytic/masking process. For example, in
other embodiments, a buss layer and patterned photoresist layer can be used to apply the
conductive coating 116 via an electrolytic process. The conductive coating 116 can include
materials other than tin or tin alloys, for example, gold. In still further embodiments, the

25  conductive coating 116 can be eliminated. For example, when the base material 115 includes
gold, it can be bonded directly to gold in a corresponding recess 134 (Figure 2) of a second
substrate 130 (Figure 2), without the need for the conductive coating 116. Such a bonding
process can be conducted at a temperature of up to 150°C. In particular embodiments,
ultrasonic energy can be used to facilitate bonding, e.g., to reduce the mechanical force used to

30 place and/or press the parts in contact with each other. In any of these embodiments, an external
surface 129 of the resulting penetrating structure 114 can have a generally tapered shape that

facilitates penetrating into the corresponding recess 134 of the second substrate 130. This



copper alloy, the conductive coating 116 can be applied using an

el ectrol ess imersion plating process or another process, e.g., sputtering
or an el exorolywdAmaski ng process. For exanpl e, in ot heCTArsRadiorsnt s, a
buss | ayer and patterned photoresist |ayer can be used to apply the

conductive cqating 116 via an electrolytj.c process. The conductive cpating
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For exanple, Wwhen the base material 115 includes gold, it can be bonded
di r ect Ithe penegroting strucaure di4 espthedeegs t¥kess 134 (Figure 2) of a second
substrate 130 (Figure 2), without the need for the conductive coating 116.
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for formng a_ penetrating structure in accaordance wth anot her  enbodi nent
of the ditscingden & qatediyish ariosdncinrt coating 1Al dcHpyReT sy sintay fogthat

applie Hﬁg%a%ﬂBﬁa&ﬁh f@ﬁﬁ&:ﬁlﬁé@?%gi | ayer), without the use of the first
a e

mask 12 escri bed above wth erence to Figure 3A. The second mask 120b
base

is apply to the base .material 115 in al,ignhnme wth the via 11 Th
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of the fhas&l. "Bt Bid focdsd StheVREt hid® Mi0a id fodmet Qo RAAAHE BadehBatsAAPE 5SH@PHliddN
Figure 3F. The resulting penetrating structure 114 can then be coated with

a cdndulitecthe ovwrdhe wig 1126with the seaenvemagke RAbaIrpyidimigmrotaetianontalypannge gercrdbd
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pr ocessyoth the firktriiskm@ok add B HaSe mafef@H] B blh@dt thdh&cOHRBMasiel Bb. A ccbidingls,
applied directly over the via 112, with the second mask 120b provi di ng

pr ot ectthonpwvardly framgeurfgened te fijstsubitragg 11 Gasshaes sissessivsbuchabeing shapes. 45 r st
substr %ﬁgicél’tég biysdatsﬂeec{l liF&PERE grr(t)vgs %ninef:fgﬂ%ngd hg% et &QF 3f the etching process, a
20  generally triangular penetrating structure 114 is formed, and the second mask 120b lifts off or
otherwise dissipates. Optionally, residual material from the first mask 120a can then be
selectively removed without affecting the shape of the conductive base material 115. A
conductive coating can then be added to the base material 115, and the portions of the plating
buss 122 located away from the base material 115 can then be removed in a manner generally
25  similar to that discussed above. In one embodiment, the foregoing method of removing both the
first mask 120a and the base material 115 can be accomplished by exposing the first substrate
110 a multi-function removal agent, e.g., a mixture of a solvent (which can preferentially
remove the first mask 120a) and an oxide/acid etchant (which can preferentially remove the base
metal 115). In other embodiments, the first substrate 110 can be transferred back and forth

30 between a solvent and an oxide/acid etchant to accomplish the same or a similar result.

[0031] Figures 4A-4B illustrate a representative process for forming the recess 134 in the

second substrate 130 in accordance with an embodiment of the disclosure. Beginning with



both the first nmask 120a and the base material 115, but not the second mask
120b. Accordingly, the upwardly facing surface of the first substrate 110
assumes swocensi3vghy changi ng shapes, as indicated by dasmas200m08s1and
arrows E in Figure 3G At the end of the etching process, a generally
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20  1nserted into the recess 134.

[0033] Figure 4B is an enlarged illustration of a portion of the second substrate 130 after a
conductive coating 136 has been applied to the base material 135. The conductive coating 136
on one of the lobes 145 can contact the corresponding conductive coating 136 on the other lobe
145, effectively forming two separate portions of the recess 134. In other embodiments, the
25  conductive coatings 136 on opposing lobes 145 can remain out of contact with each other so that
the recess 134 is continuous. In either arrangement, as discussed above, the second conductive
material 133 (e.g., the base material 135 and the conductive coating 136) can form a structure
that provides both a mechanical and electrical interconnection with a corresponding penetrating
structure, such as the penetrating structure 114 described above with reference to Figures 3A-

30 3G.

[0034] Figure 4C illustrates a representative second substrate 130 in which a recess 134

has been formed in accordance with another embodiment of the disclosure. In this embodiment,



to "bread loaf," e.g., close off or pinch off the entrance opening of the
second via 132. Wiile this effect is typically undesirable when filling a
via in nos028wisesyaduct or processi ng applications, in aPpRuisR@9losd313
enbodi ment of the present disclosure, this effect can produce desirable

results rticuylar, this effect uce ecess 134 havin pth
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structure 114 descri bed above with reference to Figures 3A- 3G [0034]
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illustrate st anot Dcess tor formn recess 134
Accordingly, the support rnaterlal 148 can be removed to the position indicated by dashed lines

20 in Figure 4D, or to other positions. In some embodiments, the support material 148 can be
completely removed. In any of these embodiments, the coating 136 can remain in position by
virtue of its attachment to the bond pad 138 and optionally, by virtue of the support provided by
any remaining support material 148 in the via 132, while one or more portions of the coating
136 are cantilevered into the recess 134. The coating or layer 136 can be conductive or non-

25  conductive, depending upon whether the recess is to be used to form a mechanical/electrical
connection, or mechanical connection. In either embodiment, the coating 136 is a representative
example of an engaging material that is positioned to engage with a corresponding penetrating

structure as described below.

[0036] Figure 4E is a partially schematic illustration of the second substrate 130, looking
30  approximately normal to the first surface 142a. As shown in Figure 4E, the coating 136 has
been selectively etched or otherwise treated to form conductive projections 180 that extend

inwardly into the recess 134. Alternatively, the coating 136 need not undergo this material
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accordance with a particular enbodi ment. Referring first to Figure 4D, a
support material 148 is disposed within the via 132. The support materi al
148 can iwol2ote3mdbase material generally simlar to thecChaseoosmssns al 135
descri bed above, or it can include another material, not necessarily a
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that extend inwardly into the recess 134. Alternatively, the co ng, 136
need natignsdiwithéhe HagxisaY e BigneniRa base s ?lﬂ%%‘%ﬁ bysapehigbigit ﬁ%h@nd pad
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forman i nwar y angl e structure that facilitates the process or recelving

penct r VPR st r HEFIRES ot Pl iRk HhEs 12 Pas%séﬁé?%&’%dk%ﬁ‘dp%s BRegTiek ne
coati ngll$3lﬁlsoc%énQ@cl@ﬂ@ﬂreﬁhélﬁdé;&bﬂo}tes@&ﬂﬁl@h aXirk | nérBM\ﬁrsHﬁIYarltBttﬁatt DR chib&ess
134. In a particular enbodi nent, the unsgtgporte .,_cantilevered) ends

of the abouE Mit§ Tif%@nﬁﬁ@? EaurngCi ryagordingly, @b@selraalte@@lnl lér@a@éelv\fqrmednnto a
arr 0""“%%9& Sl? Vlngen éne lf tglaﬁ%%lgr %r"olr CsccBoldl slllgpnet 284 R thlr%al%askr ?chc it on

of the penefr ruc re
20  protected the height of the head 123, has ﬂoated away or otherwise dissipated. The first mask

layer 120a protects a lower portion of the base material 115, which forms a shaft 124.

[0039] In Figure 5D, the first mask layer 120a has been removed to expose the shaft 124,
and the coating 116 has been applied to the base material 115, forming a penetrating structure
514. An external surface 529 of the penectrating structure 514 has a generally arrowhead-type,
25  cross-sectional shape, and varies in a non-monotonic manner around the periphery of the
penetrating structure 514. Accordingly, the penetrating structure 514 can both penetrate into the
recess 134 described above with reference to Figures 2, 4A and 4B, and, by virtue of the head
123 being larger than the shaft 124, can interlock with the conductive material in the recess 134
and resist forces that may tend to dislodge the penetrating structure 114 from the recess 134. In
30 addition, because portions of the external surface 529 are non-horizontal (e.g., have a

component aligned with the via axis V), this arrangement can resist relative lateral movement
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recess 134 once it has entered the recess 134. Such a penetrating structure
is described in further detail below with reference to Figures 5A-5D

[ 0037] Fiworew/B&78B il |l ustrate penetrating structures &OAUSAMWOSONdI Nng
formati on nethods in accordance with further enbodi nents of the disclosure.
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a secong,pmsk layer 120b with a | arger second aperture 170b, also aligned
with the via axis V. In Figure 5B, a base material 115 has been applied to
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recess [d@41] | n agdidir©BB, BRGAMEKE! 20012k ILRHS rédhovichang X EP 38 ImAttidl 38 hadBedr €
non- horizontal (e.g., have a conponent aligned with the via axis V), this

ar ridngempicdcton ap exi¢hant. r ek ilaree | gapiar yenyo rkup etfowdiencadse stewdtersneludicor
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subst r diéentatons dad. aAbepseingdear di6 gansthies begpaiiplied te ghe fhase material 115, The

resulting external surface 629 changes in a non-monotonic manner and can thus facilitate an

20  interlocking engagement with the conductive material of a corresponding recess.

[0042] Figure 7 is a partially schematic illustration of a first substrate 110 having a
penetrating structure 714 formed in accordance with another embodiment of the disclosure. The
penetrating structure 714 can be formed by applying a mask 120 to the first substrate 110 and
applying the base material 115 to the buss layer 122 overlying the bond pad 118 to form a
25  generally columnar structure. After forming the columnar structure, dendritic structures 728 can
be formed at the exposed end portion of the base material 115, and a coating layer (not shown in
Figure 7) can be applied to the dendritic structures 728. The dendritic structures 728 can be
relatively small (e.g., on the order of one micron) and can be formed using existing electrolytic
processes, but at elevated current densities compared with those used for typical fill processes.
30  For example, the dendritic structures 728 can be formed using current densities of 50 amps per
square foot or higher. As a result, the external surface 729 of the penetrating structure 714

varies in a non-monotonic manner, and includes indentations between neighboring dendritic
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pl ating buss 122 overlying the bond pad 118, which is exposed via an
opening in the mask. The deposition rate of the base material 115 can be
vari ed duworgiodsed7éour se of the deposition process to prodSec@lossihat i ng
| ayers having different grain structures. For exanple, the alternating

| ayers can in de s rain l.ayers.125a having a .relativ fine grain
st ruct (Fact uaq%dﬁ%awv&ﬂg -%Cﬁ'%%ﬂ%ter kg iiht eaﬁ%&ﬂ&%m&r@f o avpdise Qg
The gradzlﬂcl%¥He%h&hﬁm%%ﬂ~u&ﬁrecﬂqt1§ g}léa%gd by controlling the deposition rate
(e.g., by controlling the current density) for each |ayer, e.g., thereby

Using iRl | vEL Yo BLOMASRRLE . PAARRS sh Ll TS TRl o By K S

125a, a norera eposition process arge rain

| ayer s tdamiyuc, Oﬁﬁﬂdr &dh Ea\@umeﬁa;aptebe Hm&lxaﬁhg& raa&hblemhﬁlqw\f&d fanfng e
base material 115 has been exposed to an etchant. The Iarg; grain |ayers
1258, dlsadtite strustwenr2einshuidgyelimmating thedevebirs bxbish arsigpigply psed tcacairagied

at a greatel.f %56% de gﬂtl rocgﬁgﬁgﬁhé t1E f%!rrﬂa i §f t?leéb%?%tgt%lﬁ%?@@g%;ﬂ r‘é\’tl ng

resul ting penetrati ctur can i nclude pr
wi t h i ndeatdahe 61Iit$oﬂﬂh¥ delébsﬁ‘:tﬁﬁlt progesh. ayeinotid ceanplehthe doedritppitiuethrd 028 dm twase
material 115. The resulting external surface 629 changes in a non .onot oni ¢

manner [aHAekaANg fgsides of tha Ranstrating stusire ¢ k. iy addigag éheinin ligutaf fetmeing such
co nd.UCtsl'tIS(lgtu L& rfﬂeaénd{)c{f |@%§%¥r§%€§ Hﬂleﬂg? %% S5 is SLQ}Q@ ([%]n a%Hﬁ@e(? b§1 gorﬁmumg

partially schematic irst substr

penet r ah¢ dendsiticugdntheprédebs faticinhd mamkaaoqmapsmomdf hheameﬁkh eIO)esrbmbmmndof
the di scl osure. The penetrating structure 714 can med. by applying a
mask 12@11%6&{% peRgtigting §pegtyrgt /d 4 pyigh élhalﬂéﬁﬁﬁ?dyi"ﬂbtyttﬁén‘ﬁ%{g‘é< Wit dhg egndyqieyg o

the busg %rféﬁe?%c&gﬁ{tbw % hOBRRAMARES 1 i prna general Iy col urmar

structure ormn e columar structure Itic structures 728

can be the rt| n of t e mate

coat i nd"Pifler {irish, SXRYF SRl B 7o Rn Phoc ot REm IR € R Rirafiie Qe
struct wWiasn ae&rdéﬁa@ vA@nhotHek @n@balﬁ&huéﬁ@le A2B1ozaR, derabambiehy1 5®lappli&t 9.
on the order of one mcron) and can be forned using existing electrolytic

pr oéesdeghe and pad bl%eysangd magk dabit asddawntin Fsgure r&ﬁarléloFlﬁmerSH Hbs magls ¢80 fsor

typi cal f||| SEes. For e den ni.tic stru 8 ca

o moa G 807 FERS Gty TSI BeleiRe (Al B S R RIS,
resul t ,prbml@mt nadd sideheens’8Y7 of t}fef@ldp@}ﬁbﬁ ahd REcSHdrteAsUsRthe lgkn¥@atings 1N
a non-nonot oni ¢ manner, and includes indentations between nei ghboring

dendr i tsttestuFa cthseerslimghg, thegsi portionn havec i jirregudar enternplonkiang 4Pt gt e that

Conducé!a\rll S rﬁ?taerrlolnahlogotoglcr Elgt%ise% WI"IILe e‘é"ﬂarﬁ usezi1 eto pf%rrﬁ ttfl@ ([]e(‘-ilaa%lon&l %55' rc“?in ISEE
engage

20  relatively aggressive, e.g., 40:2:1 (water : peroxide : hydrochloric acid). In other embodiments,
the etchant can have other compositions. A coating layer (not shown in Figure 7) can be applied

to the base material 115 after the etching process is complete.

[0045] Figures 9A-9E illustrate a process for forming a recess that can receive any of the
foregoing penetrating structures described above. Beginning with Figure 9A, the process can
25  include applying a fill material 139 to a diclectric material 141 lining the via 132 of the second
substrate 130. A first mask 140a is then positioned on the second substrate 130, with an opening
aligned with the via 131. In Figure 9B, a portion of the fill material 139 is removed, creating a
depression 143 that extends beneath the first surface 142a of the second substrate material 137.
In Figure 9C, a plating buss 144 has been applied to the second substrate 130, and a second
30 mask 140b has been positioned over the plating buss 144 and processed to form an opening
aligned with the via axis V. In Figure 9D, the base material 135 has been applied to the second

substrate 130 and the second mask 140b has been removed. It is expected that that presence of
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[0043] In other enbodinents, the dendrite structures 728 can be forned by
ot her techni ques, and/or can have ot her shapes. For exanple, another

t echni quewbap10fso4teng t he dendritic structures 728 incl rdgaisedoons43asi ng t he
| evel ers (which are typically used to encourage an overall even deposition

process r|n mation qof the penetratin ructure .

toward %‘%gie%fﬁéﬁ Ot qgﬁ Qe’ﬁ&%ﬁ"fq g‘ﬁ EE%lsmtqgﬁltSéHgttﬁ“eFowamﬂ et“feﬁ’é tﬁ%ﬁaﬁ tic
structqﬁgﬁgaaggqﬁdg%1mpﬁﬁ§9wpigmg the sides of the penetrating structure
714, in addition to or in lieu of formng such structures at the end of the

penet rf[lht():ﬂg str ‘f&% Wfc 98 %n EQA&@Q&%@;&%@%@ %%Eﬂeﬁvo?%t@wﬁgﬁécﬁggeﬁgos tJI'-%ZO)

dendri rowt h cess a ter a portion

i's remvedessand. @\aa)aaﬁgase céh pengilicats thg Bik¢ tatcuinle] 351 fatititatint@adhabetish
ability to interlock with the conductive material of the recess into which
t he Sperteith avy A§ the foiegoiepaEraing @R CF@@HXB]lYth@ Gpaingaimenn i u@tamat e

yet a”ﬁ%{‘% suﬁﬁ%bqﬁ@fthﬁt%uﬁg t@ﬁ?&gl X Oeﬁ{e%h ﬁ%ée”é%ﬁué i Hiaé ?ﬁﬁq%c&a%gﬁ ¥ od

with a ment o sure ase nateril a

to the shopd, pagentiify upsmgha shaskofl 24, c@t&?es@hﬁ)dt’lﬂg i penétrgingestBasturt I’anEll’cgUdStﬁeIBB
the mask 120 is renpved, and the base material 115 is subjected to an

et chi nde#biseeds anrtinlar smbpdisnang the moepputse SeY gan @ﬁéﬂ@b@lea%hﬁ HaE RGNS

827 at 1%5? )?‘F %&96ﬁd QbR rﬁdhtgl%lpl%t bt ot QrFto tREARGARLEANREY apgﬁeer@g)‘éfyg thge

Accordi ng ese portions have an’irregular external surf

onelot hahnarasurfase D47 @amoxtend et ah¢ €illnmatedal. 13Phes emdzbzaeﬂ iudehed dinto Bmécbﬁ

i ndent ati ons 827 can be relatively aw%re55|ve q 40: 2: 1. (wat e

per oxi d&4¢: PiylcaR AFBRINAbRKT dye sacpnds %C%W@dﬁ%@n% 80 indfatesh @h%ﬁsbe%aﬂe%%ﬁ/e

ot her Eéggg 31'31311) Oong, ftﬁﬁ %@8&1%1“ gm'b@% 'ﬁ{eng ﬁ& réék%‘”l 3!4 r]caﬁ' B d )Wﬁ;l?‘ré %c%gggtf\;e' ed

to the base materia ter the etching process is conpl et
FlgureSnaﬁﬂﬂEbglhuﬂvﬁqmemaHQMﬁmQSﬁmknWebmﬁmﬂmgm&mphabm&hthamndanmeM£LMb

any of the foregoi.ng penetrating structures d ri bed above. Beginning with
Fi gure i A sciaeB PhnHES 85 ofhghpiogetsuda a&bﬁif g CR f’ imenisy herteegss 184 Cyregeive,

di elsectipfq og@gﬁ{m @hd }ﬁléchﬁﬁlgélﬂgaﬁch@legfrl%al%)g%oﬂ{ec{ Qth g%ﬁewgfé{g%&teﬁ%gl#

first nas I's then positioned on t second su strat
openi ngtraktfugned with the via 131. In Figure 9B, a portion of the fil
material 139 is renoved, creating a depression 143 that extends beneath the

first g9o4ACe 142%@ 1@@&0@%1@@%@@5@&&%@8@@ f@mid@ 4. reddds @ Wak r&eived
pl ati ng buss 144 has been applied to the second substrate 130, and a second

mask 1405 oh s foeesringaenetraimectiooerest aguse A0Andusiaes theseoandisubsseted 3@ dftero
form an h R ﬁeHQEIJ,tQIgal 139 (e.g., copper) has been disposed in the via 132, and a mask 140 has been

20  positioned over a portion of the fill material 139. In Figure 10B, the recess 134 has been formed
directly in the fill material 139, and in Figure 10C, the conductive coating 136 has been applied
to the walls of the recess 134. Accordingly, the fill material 139 and the coating material 136
can together form the second conductive material 133. The coating 136 can be applied using an
immersion or other process. After the coating 136 is applied, the mask 140 can be removed and
25  the second substrate 130 can be joined to the first substrate 110 (Figure 2) using any of the

foregoing joining techniques.

[0048] One expected result of the process shown in Figures 10A-10C is that it does not
require adding a conductive base material to the fill material. Conversely, a potential result of
the process described above with reference to Figures 9A-9E is that it can produce larger (e.g.,
30 wider) recesses in a given via width, which can provide an additionally robust connection with

the corresponding penetrating structure.
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aligned with the via axis V. In Figure 9D, the base material 135 has been
applied to the second substrate 130 and the second mask 140b has been
renoved. WO 20B/47ect ed t hat that presence ofthe depr es®CoUS2603/0543113

i nprove the structural integrity of the connection between the base

mat er i 5 an f| | 1 terial 0046] -igure 9E, the base

mat er i Pﬂ‘@s PR OSe BT s Grl ovhdRan fg%gwgc@gg%cgmg%wf%ﬁ%@dr ahRs Wiy A
coat i n@e@e@&cg@@F%% eﬁplpl(b@ o tthgt &Q?ta@ﬁ&?s%ﬁéé &ln Ve3Rirkel vk tht E@hBination of

i nterconnection with any of oregoi ng penetrating structures.

Accor diangicyptatlber coass ngoﬂé36f tlensubsfratng aad 4 peretrasny Saeeu@din ﬂlh@thebOL@IdiS

the recess 134. Th i.nner surface 947 can have any a variety of es,
dependi%ae%cgwsy% dhis gErapgemans in et &f?p%ﬁfar%gcaﬁiﬁe%efffalﬁgﬁalgstqucﬁe%ma Cafltfl or
ot her fgakuces ha\le”slépegaernftﬂycs‘dhﬁéesedﬁ*aﬂﬂ'tH@Bénetﬁaﬁﬁ‘g stARlre XA fh@&eesl@ﬁgd &é&nal

extend beneath the first Surface 142a of the second substrate material 137,

but notsuifatas. tThesd surfacnsacaelrb@slopczlga.t adlitt @nglas ralgive, tottheviarmes AwonUQYQaB7
canext nd into, th material 139, .as indicated in dashed, | i nes
recess M34¥0 éPbe“Ea%??aﬁrer bt aBeEH h@esa%tzfﬁr& lg%rﬁ%@ruw q%% P65

i ndi catgeyhmodash&de hhm%nﬁl%ntr ﬁﬁ%§§mﬂ§4pmléaﬂgﬁﬁlbﬁtlofég&étr&l%lcfdﬁgom ment, the

recess 134 can be filled with a conductive naterial, a silver paste
th duct t h t
g(r:r gene[griﬁﬂ? uc A%)n?é?ne? ﬁfg&rtﬁre g'faéesdseﬁal aoqp[hé qgre%&tn% eefn%%(fr;ﬁ&gs %ilé?c%fb g aft:)o%e?' Qvﬂhn a

13410cancfeesiret V@Flgiufﬁselr e i@ that the parmﬂratrﬁg h@lﬁutm@|1h(ylu@er$d10ﬁllﬁ)®1tz6mtﬁladdrﬁac@s)ﬂhﬁ]tect
with the correspondi n%@penet rating structure. [0047] Figures 10A-
i |1 ust ratte HthCRBESIIRGEE SRONFRgizppiahispigaces rOécfég sre‘%@ﬁ%tt RArpxpested V‘éuargf BfS t he

for ego'g@&ng% ft ?{Hapﬁlesﬁqrtﬁ%&roﬁﬁl i ér%%%%(egv%n'thé g)?t%lrngg ﬁﬁfatcg?)f %C%ﬁgtratl 2 n

substrate a fi materi a e.g., copper been pos
t he vi atrhddre amd tle wakk ol 4k h&sSSbmnrep@s ldtéranstekseasedndampaoh.i dn adiditione tie | |

mat eri al 139 In Figure 10B, the recess 134 has been fornmed directly .in the
fill ndbist P@?lna@@an%?ﬁwnr af eqspetrating stiuglire ahditheeeass é?)&t ﬁr?gsum@ﬂ RERYi¢Rden

apgll ¢ hdoyt ﬁlet{%‘é‘es\é\’a\bélﬁ b tl%gglr G5RSEnd 34 1c€1cfcg§%1' fﬂ%{ }‘m Con é blic c}ﬂ%%eﬁl' Gherl 39

e “coati ng mate ia can toget con ive
mat er i alond&3Bion Bhengdaintsng 136 can be applied using an i mmersion or other
process. After the coating 136 is applied, the mask 140 can be renoved and

t he seqgosijsubstsiiat éholR® feairdder h@ldﬁ@tdsdr@e bhend fdré%mﬁglléﬁibbaﬁq@enlsl(& {hiat ener e
2) using any of the foregoing 10| ni ng techni ques 0048] One expected

resul t iBferqonBegsingsEyeturdewn bi tielmtivply smali opsiza.@ad jcgn bpapaced clpse tpgather. For
example, in a particular embodiment, the penetrating structure and the recess can be formed

20  in/on vias having a width of about 10 microns and a pitch of about 50 microns. In other
embodiments, these dimensions can be smaller. An expected result of this arrangement is that it

can reduce the overall size of the substrates and the packages into which they are incorporated,

thus enabling the packages to be used in more compact applications.

[0052] Still another feature of at least several of the foregoing embodiments is that the
25  connection between the penetrating structure and the recess can be achieved at relatively low
temperatures and/or pressures. For example, when the penetrating structure and the recess
include a tin cladding, the corresponding substrates can be pressed together and elevated to a
temperature above the ecutectic temperature, e.g., about 220°C or less (and in a specific
embodiment, about 217°C for lead-free solder) to fuse the tin coatings. In embodiments in
30 which the tin coating is eliminated and the penetrating structure and the recess each have
exposed gold surfaces, the process can be conducted at room temperature, with the interface

between the penetrating structure and the recess subjected to sonic energy (e.g., ultrasonic
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requi re adding a conductive base material to the fill material. Conversely,
a potential result of the process described above with reference to Figures
9A- 9E i s whabiwa3o4zan produce |arger (e.g., w der) reces®eEI/USAQ/0§3EN Vi a
wi dt h, which can provide an additionally robust connection with the
correspondi enetrating structure.[0Q49] One_ feature of several of. the

f or egoi%@rg@%%ﬁﬂﬁﬁ{%ﬁe&@%i sweaaﬁeﬁ% ?aﬁ’rt‘lTl—Pt?-ef THCEkS # aTelome. Pepting
that t ; Wl i {150 i i

e G S D LGB L ST T
i n the tppibdr copPraetoecoppct behdims ptdcessts trdvjusredriglangepeatirds oft 3@ Ctdrembeadngr es
can be s%gf-alig$ig% For exa | e, the recess can have sloped entry
sur f ac d4SLAEH B, B@H@?P%f?ggrgPphcture can have sl oped external
surfaces. These surfaces can be sloped at acute angles relative to the via
axi 3. A8B¥Hdi ngiFeures] iAd [ vishapgicelln iliustrateangihen gracetsdge faiming kogesses and
penetratl r n ] i,sal i . T Or
ol gengtl: HAHES, ORY, MG RERRY, GR0paRR RS S NRI MR MR =
sever almainet Hat tar Agthen ecdacdodelimiiat e Sercedaddabavkievd b bonébevene statioed
Figures 1-10C is that the penetrating structure includes non-horizontal

sur f acs§MigoRdusiag subgretesc og?%@b‘@ﬁ dvidy FagHe nldey, Zrsmetpting prucsrss drl 14 (ran be
recess. : f i i - | zont al
ot or A B P a0 1 10} oy S AR R eckfcl PR EADBR B OB, e
wal los atcdrdesutstass] 38N Masighetraingr @tucaireed $B5 caim denfdimed.fronh aadshdutiove
the interlocking arrangenent of the penetratjng structure and _the recess

(e.g., DHeAHpdPRtsHEYicadadiment.naut g e grabedimeptsnnesgs poty bpfarmet £ a

vertic ! . i i O ' ts.
{o0s1] ari A E Tt o S R B R i B B B SR <
i s t hatmitheali Iitl3r doamgeof thege simbaedimdnesthe pandientinglsatictusdsyl 1$4rehd have i @ger and
can be spacegppLose oget her. For exanple, in a particulq&ignbodinent, t he
penet r SU1TAEF E1af it CORBICHY 9B cxamplss actant preds By sretl§2A/ R Re dispessdiqyst she

wi dt-h 1. Cr i 1 111 O
T e S R i R R S LR S T

ar r angelnens cas thérabei delecanely edlsymaed lier disposell agli zdemivelyheensubd}l patths fasd

t he packages ipto which they are incorporated, thus enabling the packages
Lo be GSBHTR! hie C@B?Fﬁ&%?“%ﬁﬁqdi laygri ldAse 1 isEmep agprent (o tpﬁg?t%lgtswgu%r at
| east SAVErald 10fvolherifPIATAY | PEROMHBRALE tlcdhbld\EruEaRRaqion. bet ween

the penetrating structure a ess can be I"'eved at relatively | ow
[0054] The second substrate 1130 can receive a second seed layer 1182b that is disposed

20 in the recesses 1134 and the adjacent portions of the second substrate 1130. A second mask
1120b can be disposed on the portions of the second seed layer 1182b positioned outside the
recesses 1134. The first substrate 1110 and the second substrate 1130 are then moved relative to
cach other as indicated by arrows A so that the penetrating structures 1114 enter the recesses

1134.

25 [0055] Figure 11B illustrates the first substrate 1110 and the second substrate 1130 after
they have been moved relative to each other such that the penetrating structures 1114 enter the
corresponding recesses 1134. While there may be incidental contact between the penetrating
structures 1114 and the walls of the corresponding recesses 1134, the penetrating structures
1114 and recesses 1134 are generally not mechanically interlocked with each other.

30 Accordingly, it is expected that the force (if any) required to move the substrates 1110, 1130

into the position shown in Figure 11B is small or non-existent.
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tenperatures and/or pressures. For exanple, when the penetrating structure
and the recess include a tin cladding, the correspondi ng substrates can be
pressed twQepbthvaso4md el evated to a tenperature above thh@CENISe@VI064313

tenperature, e.g., about 2200C or less (and in a specific enbodi nent, about

o o ORRSETr T CESREnS Pl [ B it b AT e oSt St e | Lafh
recess &agé;a&@eaeb%pgﬁ@qlgpl AriRURF R GBSstraldd®l IRDOGESE GAMMEBE bE ANFELED0aIn

room tenperature the interface between the penetrating structure and
t he reGﬁ&&nkﬂbﬁﬁﬁmednmomsbmuﬂh@nﬂogwsﬁewgwhaubnmaSDﬂnmﬂﬂﬁﬂgy$3txﬂﬂpmwdutate

bondin bet se e] enents unli ke at | stln
proc _es Bs ng\Aﬁ @El ?E‘f EAqugt lYeeEi‘ﬁYePép Lf@h@@% érPgé! ?l&%hfﬁﬁﬁ%ﬁﬂ@ﬁ? %29 fhse
Eonql NGirsREd BYRTPIRa ch&i%ﬂ%@'th&ﬁﬁpﬁlbsﬁrﬁkeqq PO dIRNGDE RIcAERRS ¢ FRIEARIdL

i gh tenperatures of 3500C or nore and hi gh pressures of 200 negapascals or

nore. [QOB8kedenduniesral A30. Tegcgenmbiteatn ;hmﬂe[glnbbmag ecassot hE¥4 prddetssenf or

form n I ecesses and enetr at truct Ur ter ConneCt| n t

oot 1 dnt R eRe e e B e R S DA Blofted Hams SomRPREuek [&3 by
reduce 1g¢ @bl #1IMLIRCAR HEAI [aachi@Ngop bond between stacked
senlconductor substrates. Beginning With Fi gure’ HA penetratlng structures

1114 cqfodh | O MKk Qfk ndullidh balofihl PHOSKIAUH A0 e BN theGREERRANGHRres

recess 34 ¢ orne I'n a seco str
penet r altlllngatﬁit fhd:Ct(brF@poﬂcﬁﬂgl ré@@selSEI 1f3ar neel Hrgtomca seond Lmasikuel meteni20b are a
particul ar enbodi ment in other enbodinents, need not be formed fron1a

conductFPevefht &hg a¢ﬂlah%j0%télﬁ firpicangassans! Yoo TS Fmrot High nesitiepechpway from
i ncl Ud' H? rpaﬂé%raftlhé Ssttruéﬁdpeit fﬁ%eﬁTﬁ?{h%rlleﬁéSSélslil'%é‘ ]«11% REY ofY }enl% d E&B&’Sduﬁ? lfﬁe d

t he penetrating Structures can have an outer surface
conductstrueturdgdowexeh@hatjcatly fin Ffures e Aﬁﬂﬁ$p&ﬁ82&a®&ﬂhh§tﬂiRmQ§ﬁdgmMEﬁalhe
penetrating structures 1114 and the adjacent surfaces of i rst

subst r JEBOTA1RYOCeRSES; thy aspadR maznaw&&ﬁ ipegthicpe 1§%4 et pp%w W%tﬁés%fv%rélry

di Sgos%rg@ll% ﬁcﬁld@%@r‘ﬁa BetWVEDNE a\gl]tl‘ilg%tr{l&t{lﬁefs 15405hd Rl 00:1'1%%180 &X@s&et he

first seed [ayer In regio to the penetrati ucture
1114, dﬂd4]éﬂmsehh&nﬁme§ﬂl$beﬁ1bﬁmﬁmﬂiﬂﬁQﬁﬂﬁkpaﬁedfﬂtnmhﬁmpemgtamhmﬂqﬁﬂ

structures . 1114. [0054 h econd substrate 1130 _can receive a second seed
| ayer T1#opRliq gm0 h§r avlLaag%@e Wctrﬁ%telfl%lce@saé@thmwbaﬁl&lqnhéﬁ%, BeENCeH b4 ons

of the sg ?'leh%BQ?ta'hﬂ iff a ép]a?‘t@(iula% a?&ﬁ Eﬂt@n%ﬂ?e CAR4RG %fmﬁ%%o%‘oﬁ fe

portions o e secon ayer pOSI tioned outsi e recesses
1134. Thet, toglsig chubsdls dtaeatld\&@haﬁckt tahda ss@adndbsubst rlddel B30 tar @nvieivehyoved
relatlve

coofed For example, the interface between the substrates 1110, 1113 can be cooled with a flow

of air, de-ionized water, or fluoroinert.

[0058] In a particular embodiment of the foregoing processes, the first substrate 1110 is
positioned above the second substrate 1130, so that the recesses 1134 open in an upward
direction. It is expected that this arrangement will reduce the likelihood for gases to collect in
25  the recesses 1134 during processing. While the penetrating structures 1114 are shown in
Figures 11A-11C as simple columnar structures, in other embodiments, they can have other
shapes, including any of the foregoing shapes described above. Such shapes can provide
additional surface area beyond that provided by the simple columnar structures shown in Figures
11A-11C and can accordingly increase the strength, robustness, and/or reliability of the resulting

30  physical and electrical bonds.

[0059] Other features of the foregoing embodiments may also be combined with the

arrangement shown in Figures 11A-11C. For example, in some embodiments, structures
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each other as indicated by arrows A so that the penetrating structures 1114
enter the recesses 1134. [0055] Figure HB illustrates the first substrate
1110 and wbheonasoitd substrate 1130 after they have beenPEDUSAwAF41S ve t o
each other such that the penetrating structures 1114 enter the

correspondi recesses. 113 e be incidental tact hetween
t he pergeefl?raﬂ? rigmelgy a%tth?%sﬁa%yf\g Jaﬁao‘fwlwaﬁ/fgrea?e t'f lgafﬁﬁe?sﬁﬁﬂgdmvl}le%ésses
1134, thehpgiost rlfi’tEﬂ&gc 8 ' edhHd egpohl Mk aéﬂ@yr Bf Ehe eﬁetﬂe%%&n?rﬁrugﬁﬂ@sr ahtoY tiRot
mechani cal ly interlocked with each other.  Accordingly, I's expected that
t he f oroerefridndangy yecessqsli cad btousedva sdlectsubbicatainssbd vt thd I0sti mbd sohend

t h 11.B | tent hown i
i gur e stbarnend 1 LD WEnSF i@t oA4AG. THE: Shubaent i Fabsd 1 SHEA e
separ atc%ﬁs@%ntag@aﬂ 8118 ghe ﬁgé@faéé’\ﬁ’et%aﬁhre eﬁrﬁsan@ljséébnd]s%ggra@é&nl 110eM 3Cand can

subjected to an el ectroless, electrolytic, and/or other process in which a
conductsupportrgliieetwalsulisti8®siis alfispd 99&1’[1011[1 r¢lhevay ap cdch8dtheiThvbile dingjuuidovgo the

mat erial 1183 f a ctrical _bon n the first seed
T er! Drasatae PiEgdfu Rl o g, Fe e 8 FR S na BT CE o darHb GRS o
1182b caftioutfey it §xPEEONTuSHOR LI AuIER crle: 1edhons ARl NaeIo. NS0 wih
nei ghboring recesses 1134 and between the neighboring penetrating

st r uct umels othed forahe pwiposceedt mdvidmgm plyeicebamtliert ¢lewriem tcenication b&8veby thehtavo
sk 1120b and 1120a, respecti vel

oo Th Sty St uF Meplsapl) RbusBE bbb MBurstRAR Suistiet Yiertod 30 edbtfiing "

1114 arsgm‘m,%dg&{nrsggpgﬁ@dsng recesses 1134, the first and second masks 1120a
1120b are renoved. The portions of the first and second seed | ayers 1182a,

1182b Ry one ngv"‘@}f thd ‘Q%&JcBﬁdl%ﬁcg}lehéc%%e re’%ﬁl“uﬂgtﬁ'&ﬁ jomid ¢ @ﬂ‘le&%naﬁq&sfws

1134 are then al removed, pro structure shown schenati ¢ y in
Fi gur e sih&ratdt int hnwrdancmmltha&eanethsdﬂ tandktridrerct alcsgibcd gpboat evithateferemmy &l

processes, the assenb%y can include inter t| S 1%;? at p03|t|ons Iocated
out war diigires & kkectbhtiincemasad e ey rith e E%a@t% TGOSt GURRIEF SXtAI% A and

the 5C°rr\%§r%ﬁé?ﬁ@ﬂ% i xraﬁl@‘f‘é%?%vhjré'@% a@&éﬁ i e h%Rx} ?&e&%ﬁgﬂ %Meo'i@l ¥ e

f|| teri al : an un |II mat er | t her
sui t ablsgstdinel 206tcan mch&te&arpractessdrri 29@ o ﬂnemogmm)él (H’ngRAMEERAlMI [dngt inciasryl 184

can be left open, and i.n a particular arran t, the inter tlces 1184 can
form .%ﬁlﬁmﬂt CrofemAry, gpyice)e a@qtféatpehééﬁwe?ss 95‘5@2@ &b 209 1PHe M/ Pl trangRytteide ond

SubSt 1 a5 LHAD subAARNO0 PG RUNAE 108! YSGABLRRctoF HiGKAIRh ng L diBlaRTd ace

bet ween the substréates 1110, 1113 can be coo
combination of the features described above with reference to Figures 1-11C may be included in

20  any of the devices shown in Figure 12. The resulting system 1200 can perform any of a wide
variety of computing, processing, storage, sensing, imaging, and/or other functions.
Accordingly, the representative system 1200 includes 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

25  digital assistants, music players, cameras, etc.), multi-processor systems, processor-based or
programmable consumer electronics, network computers and mini-computers.  Other
representative systems 1200 may be housed in a single unit or distributed over multiple
interconnected units (e.g., through a communication network). The components of the system
1200 can accordingly include local and/or remote memory storage devices, and any of a wide

30  variety of computer-readable media.

[0061] From the foregoing, it will be appreciated that specific embodiments have been

described herein for purposes of illustration, but that the foregoing systems and methods may
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of air, de-ionized water, or fluoroinert. [0058] In a particul ar enbodi nent
of the foregoing processes, the first substrate 1110 is positioned above

t he secormmio=x0tyi3n4te 1130, so that the recesses 1134 op@ATIUS2@/0s430ar d
direction. It is expected that this arrangement will reduce the Iikelihood

for gases tg collect in the rec sses 1134 ng . cessi Wi |
penet r aBVH PR qRAoGIBt #9 vl o Fahewamiley Y«-‘Fj&, pertaif oA e badimen feécr?b

col umMay,oed Lied HERSibed th %ehé‘dnté%mlﬁ%'eﬂi‘?é&ﬁuctwﬁéfckﬁ I%Y% R%‘%f tl%@é‘@%%ked
including any of the foregoing shapes described ove uch shapes can

provi delieddi dihonembsdinfasetharpeakdpey omdirtchaie qblnanmudéﬁrsbgf sttzhkeé idiegl é»/lmyl offmar

structu es shown ures 1LA-1.1C and can accordingly incr.eas
tr engrhS TraBO nbestonif B FEFdoiB 0Rg GRE (RGBSR T HgnBy Se b e

el egtr 'sﬁ%l:tu%rtqsdlff{e&ggQaml%ﬁtﬁfctJresﬁBHfa%css &dfn Beh&arfiod %gpbpglee(ffp@gle[r?@l:.%ﬁ aff&y

al so be conbined wth the arrangenment shown in Figures 11A-1 '
exanpl singutatsgrtec dinbothervaaferslevat(e. |cfoaﬁoeesgeg1éatalg the diay) dralortap otheo pwcessing

descri bed abgve with ref ce to Fi ure i n,whi.c

't o | GEESF s eGPty Bh SORUTE RITEGVGT TN SO 40 el G 1 ARG Iehe
correspaldidgl 4i8C&iSSadnd GAMndigidialede & awf&%rlﬁbﬁldxp&@é LWans, fabwesd aliifer
first and second substrates 1110, 1130 shown in Figures 1I'A-1 1C. This

arr angeqmmtlanacpf bwafrs éal angthermwafernpertion r®§ iasw e, Elaqnwmfﬁe or ataferhpertion @rd.ace
bet ween t st and second. s %trate ort the two

RO A R e e T e R T ot S e A o

t he progRsgipBpulaic8 Psird&s Ghfdpednahenge Wt E]dHe@fv@rrﬁ%ﬁalt @£ aunespib! BbsilG In
any of these enbodi ments, it is expected that the force required to engage

the twousobsdedabes garellylngd fmh leaoty otivsmetar Shtah@ comppabls tf that @fiadi ng
a physi cal /[or electrica nection bet substrat es, can be
si gni fﬂ’&ﬁﬁﬁﬁ@g ted! L%?fﬁ%‘?@amafﬁ% @)?)Ne %Q 8Y%r connecti ng
sem conduct ors substrat es. [0060] Any. of the se condu packag

resul tilRB0Fr om B SomR Gaton eosbigi o malseialsrmay, bs eppitcdan |bHﬁ<a‘glé?ﬂﬂéIa%1c%§\R}°PH‘lct he

met 30ds,,30d § g&u% I &Aa d@%ﬁfeb@%ﬁ&ﬁhﬁ:\fe l‘éﬁﬁé‘ ﬂr@ é)%@eg&? ih & tﬁétggﬁlgédlhi%ngs 1C

can be 1 ncorporated’into nyria nmore conpl ex systefs, a
r epr esewhdidtive sexdiplee nody fitst bh dppliad $(y$1teeme]1e2&£b bdrawn legehe ki reedsbgs aml

e et I B AR SRecRSgashor 50t oy R o
devi Cesan@l%ﬂ@ s&@s/ﬁlapesaofstﬁ@ Qs R09hQT oﬁés@@ﬁ&ﬂlg tp@ﬁétratlng structures can be tailored to
be suitable/compatible with each other. The penetrating structures can contact material in the
20  corresponding recess as they enter the recess or, as shown in Figures 11A-11C, the penetrating
structures can penectrate (e.g., enter) the recesses with little or no contact with the recess walls,
and a bond or a stronger bond can be formed between the penetrating structures and the recesses

after penetration.

[0063] Certain features described in the context of particular embodiments may be
25  combined or eliminated in other embodiments. For example, the structure shown in Figures 6B
or 8B can be combined with the triangular structure shown in Figures 5D or 2. The support
member 101 shown in Figure 1 can be eliminated in some embodiments. 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
30  embodiments need necessarily exhibit such features and results. Accordingly, the disclosure can

include other embodiments not shown or described above.
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and/ or ot her subsystens or conponents 1208. Sem conductor packages having
any one or a conbination of the features described above wth reference to
Fi gures w0 200/03M74be i ncl uded in any of the devices shoem/usaooPiogsne 12.
The resulting system 1200 can performany of a wide variety of conputing,
processi ng, storage, sensing, inagiqg ﬂ%g/or ot her functions. Accordingly,
the representative system 1200 inclu %é' Pt hout |imtation, conputers
and/ or other data processors, for exanple, desktop conputers, |aptop
conputers, internet appliances, hand held devices (e.g., palmtop
conput ews claiygar abl e conputers, cellular or nobile phones, personal digital
assi stants, nusic players, caneras, etc.), multi-processor systens,
processor-based or programmabl e consunmer el ectronics, network conputers and
m ni - conput er s. her.rqﬁkﬁfentative systens 1200 may be housed in a single
unit or distribut’@d BV TOYHFD SRR ¥ nnect ed units (e.g., through a
comuni cat i QfiRelREdductbPSuRrRMASALS Mt JubSray Ala@Malk200 can accordingly

i nclude | ocal and/or renote nenory storage devices, and any of a w de
varisety of coffptitcendyctizielapdteriareditzed P08l firsFsemcohductarr edsiraig and tfowping e
appreci ated that specific, enbodi nents have been described herein for

pur poses of iIIu§FBgFFgﬁ§HBﬂP“?hat the foregoing systens and net hods
mayhave ot hef sceshPeinTEsHdnc@$ sWitrhte HaOng@XREBhEsubiiath STl &ith Ofirst K@ face,
enbodi nents descri bed above were described in the context of sem conductor
packages havi ng tawscond suifase facing Redy diogs thei firsosuitace. eand o ihreughssubstraic via
packages can incl ude .ot her nunbers of stacked dies. ny of. the processes
Por Torming the. o ggBil SRRt el s BEKEPal EhirelBibati kS a1 ng
strigct ures of sedbdd @nanttiveanate@i FuaicdrbysHO Sdcoad SémieamdRer GabdtlagtandUaviig o he
die level (e.g., after singulating the dies), the wafer |level (e.g., before
si ngul ati ng the diredyrmedaresss Fosigonst along dess wiarfyiss thggpenctraies plaigige\beinghe
bondi ng pr 0Ccesses. IRy bl% tlll“lsr%dests% g%Qld ?‘nmi C a{ V(i:a(flgﬁ:ld eldét%cegl%og‘ aot hlet\lrl the, firgt

i ndi vi dual die, or 1o bond an“TAlr vidaar Tare S & war et “or po?&Won of '3

waf er, or to bondoadvafvemasrigporti on of a wafer to another wafer or portion
of a wafer. The wafer or wafer portion (e.g., wafer form can include an
unsi ngul at ed wafer or wafer portion, or a repopul ated carrier wafer. The
repopul ated garrigr fer n_include an adhesive erial Qg A

[ oxt bl o adreel vebrestmeBtiaRim § SUaE 8P AR o P e onyfond e Biactives or
shape c@ERakaddaditnendibidirafcdd tdHhs ivirgali atiedsiwadeionsioh bBingi gigikdrahato@aent s
(e.g., die) carried by the adhesive. [0062] In sone case, conductive

mat er i &P shanfaspt ieeapipni ed in bulk directly on a dielectric

3. The system of claim 1 wherein the recess extends inwardly into the via away

from first surface.

4. The system of claim 1 wherein the second conductive material extends outwardly
20  from the first surface along the via axis, and wherein the recess is formed in the second material,

with at least a portion of the recess being positioned outwardly from the first surface.

5. The system of claim 1 wherein the first semiconductor material forms at least part
of a first semiconductor die and the second semiconductor material forms at least part of a
second semiconductor die, and wherein the system further comprises an adhesive positioned and

25  attached between the first and second semiconductor dies.
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barrier layer (e.g., via a direct on-barrier plating process) and in other
enbodi nents, a conductive seed |ayer may first be applied to the dielectric
barrier 1\WQep10/0BMI4r ecesses and penetrating structures eam/usane/o8isfs er ent

si zes and/ or shapes than those shown in the Figures, and the sizes/shapes

of the reces es d corres ndl ting structures ¢ be tailored to
be suitabl e/ Ve qflro? ‘%B%ﬁ’élrtheg lﬁ@i“ﬁ’&fqrr‘i@at%‘iﬁ E‘&‘ﬂ?r?’éz@a&%ﬁ?

cont aCtof@h‘?s&'s%hndoﬂdﬁ&Sr Bf%r SREPRNALAH EERBSH RBrIMRYiAMoshs th SekfHESDFY -

as shown in Figures 1IA-1 1C, the penetrating structures can penetrate

(e.g., secdrersentitmmduetordeesndvnvhhbreln thelsecard seoicowuetot matdrial tﬂm@deeaehmugm | s,
and a bond or a stron e.forned etmeen.the

bond ca trati
o o BB R i RS kecRR S o P B R E bt Pltaeh MeufRialier el Theodi.

desari bad vHrdif e Mt fur@br RATIrseVs ﬁﬁrd%gﬁf?éﬁnﬁﬁ&&s diERY iR aCrQéEQé Redhieh the
elimnated in other enbodi nents. For exanple, the structture shown in

Fi gur eprgBctoon @Bhe savohed saonbidvetbrwid i redvevetlr i angul ar structure shown in
Figures 5D or 2. The support nenber 101 shown in Figure 1 can be elim nated
in sone enbodi nents. Further, while features and results associated with

certain embodi nenfig haus &%%qe@35&QQHe Fifst 5881 c6RNCE tmALridl BASR at least part

enbodi nents, other enbodi nents nmay al so exhibit such features and results,
and notofad ﬁr&ersbmnhotmdumsr deethdntheessand bgmiesuduoicr matchalf foamnsimredecaandant @l t s.

Accor di ngl t he djsclo ure ca |nclude her, enbodi s . n shown or
desor | BEPULECRINEIRR e Do Brre 8 BEAPROHHCEDr oy ateta devbi PgY a
firgt sppbaRRWKRE H{at%&Q%&%%a@l%ﬂh@ﬂﬁ@mfdﬂp%&ltéé{%éf Ak ScdRe, ity 1wh%r51h fid
conductive material carried by the first sem conductor substrate and

f or mi ngcactpemgtstrattunpghastargeotnally arrawbexlesid pskerossesrdtion weeiyab st thatreschavi ng a
second substrate material wth a first surface, a second surface facing
away fromthe first surface, and a through-substrate via extending fromthe

first surfage to A RenREcARGrIYEtEACCARRMG: @ via axis; and a second
conductive material carried by the second sem conductor substrate and

having a pre-fcoroeduriec esstiposhitcoaduyaigontretpb-substrax v, extdndingsrieng atviang
structure being received in the recess and being in nmechanical and
electrical contad®™ith the first

15 a conductive material disposed in the via; and
a penetrating structure aligned along the via axis and extending away from the via, the
penetrating structure having an external surface, with a contour of the external

surface varying spatially in a non-monotonic manner.

9. The semiconductor system of claim 8 wherein the external surface has a

20  generally arrowhead-type shape.

10.  The semiconductor system of claim 8 wherein the external surface includes

multiple dendritic structures extending away from the via.
11.  The semiconductor system of claim 8 wherein a side portion of the external

surface includes a plurality of protrusions and recesses extending in a direction generally

25  transverse to a major axis of the via.
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conductive material. 2. The systemof claim1l wherein the recess has a
first dinension along the via axis and a second di nension transverse to the
Vi a axi s,wohe10i3p44 di mensi on bei ng greater than or equaRCTiUS20000543i13 St

di mension. 3. The systemof claim1l wherein the recess extends inmardly

into the via_.away fromfirst surface. The stemof claim1l erein
second condﬁlét. vel %%eéIPF%H USHOF SHeismMaRft éé%%ngg TS théng iDegfonsgf V‘{}cg %ﬂn6]ng
the vi %uﬁ’é&élncl%ﬁgs él‘{i'l%{%a%y of ﬁ%trﬁﬁ@ﬁsseﬁld' r%cés%s@%nhﬂl NG d%e éﬁ@ﬁaﬁ ;! mch' th
at least a portion of the recess being positioned outward rom he first

sur f acewitlbthe Fireaxsyst em of claim 1 wherein the first sem conduct or materi al
forms at |east part of a first sem conductor die and the second
sem conductor nmaterial fornms at |east part of a second sem conductor die,

and wher ei n jshe sptemiddihasF sﬁ%ﬁ%f ci&ith @Wh@ %‘ﬁ'gﬁfe‘éﬁ Q% ﬁlhféﬂgldls st of

attached between the first and “second sem conduct or es 6. The system of
cl aism Iwehmibgiate nineerfaly, ahd sdwrrao tidustsem fether icampfisgsis sabnd ealmtra‘peamatenﬁl a

first sem conductor. die gnd.the sec d se onduct or mat.eri al

| east ﬁwwg&rreae% &d%@gm%dmfm ‘{ﬂ ‘é(ﬁ é? BFIE RS %télt%‘ﬁa g of the Tirs
sem congygteL miRtal fs%ceﬁ%‘&' HYESrcBeds '@E M%&Rﬁstu'b@thﬁe Yﬂa@eﬂl@‘ﬁhﬂ 9 ﬁﬂﬁecrh%ﬁr%ls at
one end of the via and a projection at the other end of the via, and

wher ei mntlkEecsyst emtfaimtithehe owrpsurses oftheegeds. senm conduct or di e having a

recess in which the projection of the second sem conductor die is received.
7. The systemof claim1l wherein the first sem conductor nmaterial fornms at

| east part ofy a fTHés‘enﬁ@deﬁ&Bf’%&%Eé?ﬁ oﬁblﬁlrﬁfg%ﬁé?&nstﬁ&? tr36R8 GARAHE G Obne of

material forms at |east part of° a second sem conduc di e, and wherein the
pr eof ormeldpleepesgaiing defidtues catriddebgtthé memwnndlb‘yoromatn,gamcbbé@rmmat pitcdce

t oward .each ot fromo 05|te si de .of the recess, fur r wherein.the
penet r &t f%enswﬁﬁmrl% PR a&ngéﬁa?tarqsys iﬁs E\eaﬁleﬁhnwa%&n@ Aqastal dpssipn of
recei Veiﬁdﬂvﬂiuﬁhﬁenéﬁétﬁ%sstru&ure% 1§f‘é§k AaN9YGhiefonsySt em conprising: a

sem conductor substrate material having a through-substrate via extending

along a via axis; a conductive material disposed in the via; and a
enetratln stru ure aligned al on he .vi.a axj s .and extendin from
F he via, g Clthc scmfcogcliquctor asscl%bf of cla?irn )§ whereqn the penetrgtlng structure

includcs a tin coating on an underlying metal structure that includes a metal other than tin.

15 16. A semiconductor system, comprising:
a semiconductor substrate material having a through-substrate via extending along a via
axis;
a conductive material disposed in the via; and
a penetrating structure aligned with and extending away from the via, the penetrating
20 structure having at least one generally sharp surface feature extending away from

the via.

17.  The semiconductor system of claim 16 wherein the penetrating structure includes
a single surface feature having a generally triangular cross-sectional shape when intersected by a

plane generally aligned with the via axis.

25 18.  The semiconductor system of claim 17 wherein the single surface feature
includes a head having the generally triangular cross-sectional shape, and a shaft positioned

between the head and the via.
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penetrating structure having an external surface, wth a contour of the
external surface varying spatially in a non-nonotonic manner. 9. The
sem conduwOan1gs47em of claim 8 wherein the external suPCRAS2008954813
general ly arrowhead-type shape. 10. The sem conductor systemof claim8

wherein the external surface include ltiple dendritic structures
ext endi ng av@y fr %GHECQH%a?tOIELi},’“%@%%é&&ﬁﬁ@?@ﬁ w%heé‘ﬁﬁ Noind g;qngrqilygsharp

wher ei Ny,asd A8nRONAdIRRs %ulﬁ}g% r@&%@tﬁmlex@éﬁm@cﬁy NEbHIGS xﬁﬁl B W Rhdttone Y a

protrusions and recesses ex I'ng In a direction generally transverse to a
maj or dustsdicdetiom genaralyldignth evitetht vondus taod asysindndictticd genardlyviarsedrse &n
end por@ion of the external surface includes a plurality of protrusions and
recessdfC¥%t%ding in a direction generally aligned with the via axis. 13.
The sem conductor system of claim@8 wherein the substrate nmaterial is the
first of two substrate materials, and wherein the system further conprises
a second sulXx r atBenmihecdindbcthavysign af choesld whdrhinahe ondtigt ipvgeétiomeinclude
surface nd wherein the penetrating str clture of .the first substrate

ot er i ACnR0S SRS SEGHCE MO GCHRE EOTBI FHET KBS FRICHAl BE B R AR | s
in mechanical and electrical contact with the inner surface of the recess.
14. The sem conductor systemof claim8 wherein the penetrating structure
is one of millti pl'Ehepenetandtictog sytenuof glags 1©awhdreid thy nivhepls enojcarvds didude
substrate, and wherein agitcg.betv\ee nehghbori ?g enetrat.i ng structures
i's | es<t PRECERPAT Rf IRESsCiehed TPigrag iy RE RIS BF the RAPSTHNZ PNt r at i ng
structures is less than 20 mcrons. 15. The sem conductor assenbly of claim
8 wherein the penetrating structure includes a tin coating on an underlying
netal structdk e tHeat sémiconbbesorasysehalof atldisr 16 hahertinnthelfenchag@trisgoctdeec isor

system conpri Sing: sem conductor supstrate materjial having a )
thrwugm0§wt9§?4 Rpwg p direhand ity Vil m«ﬁwgermnat SRV oM Urthes SQEPIINE heRndptaye

di spos&dednfh _s%id%é% achrd aREORT Al STik URL Hé&u@iib&ﬁ%ﬁbt&\él& Beiﬂg dosiibRdi ng
away fromthe via, the penetrating structure having at [east one generally
sharp soréaoe o @atespadeg rendiratggataytufe effanother semiconductor substrate.

23. A semiconductor system, comprising:
a first semiconductor substrate having a first substrate material;
15 a penetrating structure carried by the first semiconductor substrate;
a second semiconductor substrate having a second substrate material, the second
semiconductor substrate having a pre-formed recess in which the penetrating
structure is received, the penetrating structure being mechanically engaged with

the recess and secured to the second semiconductor substrate.

20 24.  The system of claim 23 wherein:
the first semiconductor substrate includes a first substrate material and a first through-
substrate via extending entirely through the first substrate material along a via
axis;
the penetrating structure includes a first conductive material projecting outwardly from
25 the first through-substrate via along the via axis;
the second semiconductor substrate includes a second substrate material and a second
through-substrate via extending entirely through the second substrate material

along the via axis;
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the via. 17. The sem conductor system of claim 16 wherein the penetrating
structure includes a single surface feature having a generally triangul ar
Cr 0ss- secwpanalo3g4tape when intersected by a pl ane gener CTyUSatoogmsd3 wi t h
the via axis. 18. The sem conductor system of claim 17 wherein the single
surface featHre i ncl udes a head having the generally tr ul ar

| an
cross-sectid %lrecgmﬁéhgrgﬁaloalgé &Y aﬁ@ﬁﬂfi.calﬁ@a aﬁéﬁ%éﬁﬂ@%@%@%@%a t he
via.19. The fef-gQBAYRLOL n§a¥§ﬁa¢'$f@ﬁe ﬁén%{rgf'l st%ﬁlr@'lsnmte%n%llklGfﬁ‘t%fcoﬁﬂé%ted

generally sharp surface teature includes miltiple projections extendi ng
away fromthe VI avitnthatse¢omd sondunivoinagerfal pEthedeacect i on general I'y al i gned

with the via, a on irection.genera nsversetothe Vi a
axis. 20. THBS CSB‘E}HJE? matwf Pg thegpengirali %E@wwr‘ﬁ%?’seﬁnne tiacqhepiag) with the
projsections incl L!;@é‘oxﬁi%@l&hédv% QM1 B felrbckyr8g Projecting froman
underlying material of the penetrating structure. 21. The seni conduct or

syst em of clth¢ mecd8d whieluetive thaterigLid f uhp k@em iojpesitipugustoi ah ddastdestaiceaxspavettbn
apart by recesse tched into an underlying material of the penetrating
structure. 22. TtPéc%%eePﬁnEHﬁt&fl?csttWrcuﬁ/g‘fté)rﬂ%ef1%8?551 m 16 wherein the penetrating
structure is positioned toward a first end of the via, and wherein the
system further conprises a conductive receptacle positioned toward a second
end of the S, tHe swtoucef vkaime%pﬁlméie thei p@epQSmg isonetdra onaletesi & efirst

correspon enetrating structure of ot her onduct or .
ppibeici MR R R R S U S St b e S

a fjor stihSyhstdndt RcoRe %ﬂdﬁktlv@mﬁﬁeﬁﬁisrﬁ%% @lEétHGatlLHo%né‘c%'bh't%@N&)ﬁ fBeibd 4Rf
sem conductor substrate; a second sem conductor substrate having a second

substraﬂeemﬁeﬂeemomlductohwbswgﬂd seni conduct or substrate having a pre-forned
recess in which the penetrating structure is received, the penetrating
structure being nechanically engaged with the recess and secured to the

second sem cnduckir s SURSLF @hith 224 hekit (RYBEEM O bt REIRIE S WA R} at«éﬂﬁl
first sem conductor Substrate includes a first substrate material and

first tdweoughsaghstthateh ather.ext endi ng entirely through the first substrate
material along a via

27.  The system of claim 25, further comprising a third conductive material disposed

15  between the first and second conductive materials.

28.  The system of claim 24 wherein the recess includes an inwardly projecting

conductive material that is at least partially cantilevered within the recess.

29.  The system of claim 28 wherein the inwardly projecting conductive material
bears against at least a portion of the penetrating structure and is positioned to resist withdrawal

20  of the penetrating structure from the recess.

30. A method for making a semiconductor system, comprising:
forming a via in a second of two semiconductor substrates, the via having a via wall, an
open end and a closed end;
disposing a conductive material on the wall of the via, with the conductive material
25 having a greater thickness toward the open end than toward the closed end; and
electrically and mechanically connecting the second semiconductor substrate to a first

semiconductor substrate by engaging a penetrating structure of the first

24-



axi s; the penetrating structure includes a first conductive materi al
projecting outwardly fromthe first through-substrate via along the via
axi s; theveeomido&enm conduct or substrate includes a sec®adl/Gsedy9084312
material and a second through substrate via extending entirely through the

second substrate material a the via axis,the re is aligned al ong
The via axis and CatIdee” OOHE SRbMI ORI FRTATA ot ﬁleﬁecomﬁrs PIOBAMIRE i ve

material of the Q@ggﬁﬁ@%ﬁﬁgaa;&ﬁ&ture i's nechanlcally i nterconnected with
t he second conductive material of the recess; the first conductive materi al
of the penetratlng structure is in electrical contact with the second

conducti ve teri of the reces and the second conductive mater.
the recess iY-pos .oﬁ@ag o sy v gy P‘?%?Em&x&l&w%‘tri‘t&% Srudtys n&ua&

penet r abtfiy it dbRHM R e Mkl 1ﬂ réé’e%??ﬁth tpendBRinyheikof ¢l aim 24 wherein

the penetrating structure includes a rst ‘conductive material and wherein

the recess includes a second conductive material, and wherein the first and

second cond ctlve mat e 3 ﬁ forman electri he first
pd eligain

cal nnect i on. bet ween
and second cofftfueet Banncgne g dire el arsope ST SEOAMENEIT ¢ he
first apd,g&e Wg@? NG 'eﬂf‘rgg%eaﬂ iR blilvch [ BEpHARAARL sl CARD the

other. 27. The's em of c fur er conpr|5|ng a third conductive
mat er i alonduiyosederiét ween the first and second conductive materials. 28.
The system of claim 24 wherein the recess includes an inwardly projecting
conductive material that is at |least partially cantilevered within the

recess. 29. sghe 1‘@%88 of! i ?@v&ﬂ@f‘e‘ir?'tﬂé %éh%trhﬂﬁ’[?ﬁtﬂl rBrH%Js &CtidsNgn agin

conductive naterl ears agal nst at | east portion o he penetrati
st r uct wuefaanghd the pasiuctionmdtetiol asi sstond dnigdgiagatrfafe thitet tﬁaStQIaI‘muyl"ﬁglcloseS
structure fromthe rece 30. A nethod_ for making a sem conductor. system

condr | ﬁlﬁ@esssr%rl?ﬁ%@neaofvtﬁaﬁr% RSN UBROEIRS e DA G GFUE BRI TEIRBEC T he
via hayj %tﬁ‘)nvhﬁs,v@illd witeiRPER HBGo8NEhr@el lcgﬁlﬁﬂs&nghgmng the first and second

semiconductor substrates by engaging the first and second surfaces with each other as at least
one of the first and second semiconductor substrates moves toward the other along the motion

path.

15 34. The method of claim 30 wherein the penetrating structure has a generally
pointed, arrowhead-type cross-sectional shape, and wherein the recess is bounded at least in part
by opposing lobes extending inwardly from the via wall, and wherein the method further
comprises aligning the pointed portion of the penetrating structure with a central region between
the opposing lobes, with sloped side portions of the penetrating structure guiding the penetrating

20  structure into the recess as at least one of the first and second semiconductor substrates is moved

toward the other.

35. A method for making a semiconductor system, comprising:
electrically and mechanically connecting a first semiconductor substrate to a second
semiconductor substrate by inserting a penetrating structure of the first
25 semiconductor substrate into a recess of the second semiconductor substrate; and
further electrically and mechanically connecting the first semiconductor substrate to the
second semiconductor substrate by applying sonic energy to an interface between

the projection and a wall of the recess.

25-



di sposing a conductive material on the wall of the via, with the conductive
mat eri al having a greater thickness toward the open end than toward the

cl osed e 2arvdh3ed7@ctri cal |y and mechani cal | y connect i ng§CTRS2600843d3

sem conductor substrate to a first sem conductor substrate by engaging a
penetrating structure of e fir sem conductor su rate and, the

bonduct i ve ritt er | HI° GEMORE sfé%lah wﬁr?&aﬁgw{%e%agg@%wlml% nescbanict er |

31. Theonridnad vaf figl Qﬂd@e@@nd"&%{l@érﬂiu%g @195599‘[65 'fkeco‘ﬁ’?ﬁ?@&di AhitnBgk e%ctp&é’lﬁé HeSirst

includes cutting 1nto conductive material in the recess wth

penet r andngeamitd samiapnduct@Xubdthreste tabhadpahtucd ai axcd8 of AOECt i ng the first and
second sem conductor substrates includes applying sonic energy to an
interface between the penetrating structure and the conductive material.

33. The nethod ofri] diefod0oPRerif @st\l{}ﬁer&%ﬂﬁﬂlﬁhgn%& IHELYT RchAss & fg!yﬁ
engagi ng surface and the conductive material has a second” engagi ng surface
t hats atulfresasic qpargyi al | y encl oses a recess, at |east one of the first and
second surfaces being oriented at an acute angle relative to a notion axis,
and wherein the nethod further conprises aligning the first and second

sem conduct ojg SUb&h{eﬁ{o%lsfoPMlaﬁ% %%%&%ohﬁ@ct&'jy%ienﬁ@&n@ﬁﬁﬁ%‘d surfaces with

each other as at |east one of first and’second onduct or substrates
noves t owar dotrhiagatrberss al Dsvgnitdrelunot smimtrptet h. 34. The nethod of claim 30
wherein the penetrating struct has a generally pointed, arrowhead-type

cross-secti %OS’élﬁép%‘p %Hlamér’é‘l A ¥9965% ecess is bounded at |east in part
by opposing {; 453?69%219%3!551}%%&{@111‘611({% %Jeiﬁ) ot rRat¥¥1lin tlf%nrgcéé@ea'h&' n the

met hod furthe rlses ning the poin portion of the penetrating
strigct ure vvirbmoamgeattt lea$t scaqi off thetsnpport trthecagpms thegrdcodsesy thutt dn shwepdly

side portions of th enetrati structure i.di ng..the penetrating
Structure into tenaReoia i ShketibeRl e SRR d etong
sem conductor substrates is noved toward the other. 35. A nethod for naking

a sem conductor system conprising: electrically and nmechanically
connecting a%i r sthesentlodndfictam 33ibgharaihedisposing deorogapen conaiadtiocludes

substrat.e by insertin enetratin f the.fjrst sem conductor
subst rzﬁlw g o cTmagRg eyl pg tb %tfné%ﬁ? Eaﬁﬁ%} Y axipllripte the reghy-

40.  The method of claim 38, further comprising removing multiple portions of the

15  engaging material to form inwardly-extending projections from the engaging material.

41.  The method of claim 38 wherein disposing a layer of engaging material includes

disposing a conductive layer.

42. The method of claim 41 wherein the semiconductor substrate is a first
semiconductor substrate and wherein the method further comprises mechanically and

20  clectrically connecting the first semiconductor substrate to a second semiconductor substrate by
inserting an electrically conductive penetrating structure of the second semiconductor substrate

into the recess to be in mechanical and electrical contact with the conductive layer.
43.  The method of claim 42 , further comprising:

removing multiple portions of the engaging material to form cantilevered, inwardly-

25 extending projections from the engaging material; and
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further electrically and mechanically connecting the first sem conduct or

substrate to the second sem conduct or substrate by applying sonic energy to
an i nt er f'woeovawmsen t he projection and a wall of the r @C#4s2@8/054Bh& net hod
of claim35 wherein the process of electrically and mechanically connecting

the first ang second seqi condugtor. substrates i s conpl eted w thout si ng
the 11rst ke it *Saly comatty ofir<ins fogt con (e P PPt B Ui Y Wil of

2200C. 37 ‘The mahbdial ! Al MUl RhARPlOYiRY pSAMfng WEGlird Aok dRs
applying ultrasonic energy. 38. A nethod for making a sentconductor system
conprising: formrgesa recess in a sem conductor substrate; disposing a
support material in the recess; disposing a | ayer of engaging material on
the support material in the recess; and renoving at |east sone of the
support mat efs al A fchil HEMERDES eM@hdeaoﬂs@»e@mlcxmﬁﬁglﬁgd' ng portion of the
engaging material is cantilevered in the recess. 39. The nethod of claim 38
whersei n di spgosning atmeetm@gg'tmqurmfcaanedabya fick scheisontisposibygyratdie engagi ng

material so that it extends both radi g atfsd axially into the recess. 40.
The net hod JPTRIPZAATFSES ¥ LFCHET SCY u§§° §UISHASYI ng mul tiple portions of

the engagi nQeé’@%ﬁé It Ré&t&ﬁﬁ@kﬁu@@&df%@’ﬁrﬁ’b@hﬁ&nﬂﬁ&bﬁE&Hs%t% ihriROYdR& of

engagi ng materi al The met hod of claim 38 wherein disposing a | ayer of
engagi ng nmateri althe sﬁcbudle@nldombm&rmgbsaratﬁoawctl ve layer. 42. The nethod of
claim4 1 wherein the s(ﬁg conduct. qr substrate is

first sem on ctor
substrate arfiiRHGEe? HORME B RUEA LPSHER é%%ﬁ??%@?ﬂ%&rwam&fl aﬂﬁ* of the

elegtrically connggli.ngqt he first sem conductor substrate to a second
sem conduct or substrate by inserting an electrically conductive penetrating
struct ur e ofconhestingctbadirsennd opdudt smiserslsitioatsebstrates bhgomegeds tandpetiven

mechani cal and el ectr.i.cal, cont act th the e.la 43. The net hod
oF clal maz 1 aiEHEr SO E S G FEABHHG M RE Walh B BT t ne

engaging material to formcantil evered, inwardlyextending projections from
t he engagi ng material; andpl aci ng an axi ally inwardly directed force on the
penetrati ng 4t r uckher exetiodhof kaipr 44 ewhéreims theopatetlabegs tstmetsies tinakidasda dwsfl  of

the penc%%al?gtfvg gma%tte{la CaEnl'éir ‘ﬁlef ! O

op ?he recess includes a second conductive material, and
15  wherein the conductive material disposed between the penetrating structure and the walls of the
recess includes a third conductive material, and wherein connecting includes electrolytically
depositing the third conductive material in contact with both the first and second conductive

materials.

46.  The method of claim 44 wherein receiving the penetrating structure in the recess
20  includes receiving the penetrating structure in the recess without mechanically interlocking the

penetrating structure with the walls of the recess.

47.  The method of claim 46 wherein the penetrating structure is a first penetrating

structure and the recess is a first recess, and wherein the first semiconductor substrate includes a
second penetrating structure and the second semiconductor substrate includes a second recess,

25 and wherein the method further comprises mechanically interlocking the second penetrating
structure with walls of the second recess to at least partially secure the first and second

semiconductor substrates to each other while disposing the conductive material.
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recess. 44. A nethod for nmaking a sem conductor system conprising: formng
a penetrating structure carried by a first sem conductor substrate; formng
a recess wo?2a188eond senm conduct or substrate; recei vi ngPCRAISP@As43a3 i ng
structure of the first sem conductor substrate in the recess of the second
sem conduct oy, suhstrate; and di sposi a conductive materia behmee he
penetrating €tru Bctig Ol Hr MrHEr FepBENng Jornies At QY € ety gt ang
second i§QHEARIUELO bR hiiBhSstindpch O HndGutigr&onduct ive material with the
penetrating structure and wth the walls of the recess. 45. The net hod of
claim 44 wherein the penetrating structure includes a first conductive

mat erial and the l1s. o e. recess includes a.second conductive material,
and wher ei n the ¢ cm%tb?@e% ﬂﬁ%&éﬁﬂ%@rﬁa@@aln@m@@ﬁg@ﬂ@u Ofefarerys rgolant
structqﬁgxggghhggowﬁﬂﬁhéﬁ_the recess includes a third conductive nmateri al
and wherein connecting I ncludes electrolytically depositing the third
conductive material in contact wwth both the first and second conductive
materials. 46. The nmethod of claim44 wherein receiving the penetrating
structure in the recess includes receiving the penetrating structure in the
recess without mechanically interlocking the penetrating structure with the
walls of the recess. 47. The nmethod of claim 46 wherein the penetrating
structure is a first penetrating structure and the recess is a first

recess, and wherein the first sem conductor substrate includes a second
penetrating structure and the second sem conductor substrate includes a
second recess, and wherein the nethod further conprises nechanically

i nterlocking the second penetrating structure with walls of the second
recess to at least partially secure the first and second sem conduct or
substrates to each other while disposing the conductive material.48. The
nmet hod of claim44, further conprising formng cooling flow channels that

i nclude interstices between neighboring penetrating structures. 49. The

met hod of claim48, further conprising disposing a |iquid or gaseous
coolant in the cooling flow channels.
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