WO 2010/ 030474PCT/ US2009/ 054313 | NTERCONNECT STRUCTURES FOR STACKED
DI ES, | NCLUDI NG PENETRATI NG STRUCTURES FOR THROUGH SI LI CON VI AS
TECHNI CAL WioBhD/B029011The present disclosure is directedygsnerahiy
to interconnect structures for stacked dies including penetrating
structures for through-silicon vias, and associ ated systens and

met hods. BACKGROUND [ 0002] Packaged sem conduct or dies, including
menory cHE ONIFﬁCé' EEEFS oFORc ATASEED 1S 17 CLYREYe rPEéTﬁFPﬁ’s"“IN‘% fﬁﬁ%‘&%"ﬁ?ﬁ FOR
i ncl ude TH® 6*5 di e nounted to a substrate and encased in a
pl astic protectlve covering. The die includes functional features,
such as nenory cells, processor circuits, imger devices, and
interconnecting circuitry. The die also typically includes bond pads
el ectrically coupled to the functional features. The bond pads are

el ectrically connected to pins or other types of term nals that

ext end OPESHMECAD®IPrDt ective covering for 15connecting the die to
busses, circuits, and/or other mcroel ectronic assenblies.

[ 0003] Ma pressures co ually i facturers to reduc
si ze @ﬁﬁilcond B¢ gresapta i?lftskaeglésdlraﬁafy EeRorH|sr @AirooREct aﬁsl&wr%%r stacked
capaci tYdl@rf @%ﬁ‘n@?y@ﬂf@ﬁﬁﬁg q@ﬂ&ué@%?%&'&uﬁ%lhaﬁﬁwﬁa\é' 2] ta@s%%ﬁteﬁe%{ehﬁ and

is to stack multiple sem conductor dics in a single package. The dies
in such @mecthadskage are typically interconnected by electrically
coupling the bond pads of 20 one die in the package with bond pads of
ot her di package. [0004] A variety of approaches have been
used to g g%%F?NﬂFPy i nterconnect the dies within a nulti-die

package. One existing approach is to use solder balls connected

di rect | y[0B82lween Pad@g@bmigadgctolf dinsilgthvbng mgmdiveshipspmatthpiocespraiénshand

:‘zr tezoor gl‘én% f;rgéé S 0c':’]allt qgcl?? ? a%ﬁ{l(?uct 2? éﬁgg‘%ﬁ” ac%l G5 ﬁfralt_bg\rﬁivgncasetdr}g a
plastic protective covering. The die includes functional features, such as memory 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 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 scmiconductor dics 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 conmections 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
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25 exanple, in some cases, the connections between bond pads of

nei ghbori ng dies may be inconplete and/or may fail under certain
condi ti onswolzimaddi7ei on, the tenperature typically requreBUSHO/dSM@18N
t he bonds betmeen nelghbor|ng di es nmay consune a S|gn|f|cant portion

Accor di rigiit A R sdtigktecdor i o) Gubiesaner edrobb ot s
limt t hﬁ‘:qhﬂr&ﬁtoofforrh hg: pakkageAagndtal, e theidel nQddgeimpyald fé@ﬁrﬁql.fc@ Ifor

ot her processing steps required to formthe package. As a resul
t her e r eliarepsnecting dips wothin aganocanduetecpaskapges f or |nterconnect|ng di es
wi thin a sem conductor package. BRI EF DESCRI PTI ON OF THE DRAW NGS

5[0005]FEﬁHﬁeDﬁS RH@HB?JGF?%&MD&%@Hﬂ@%ﬂC si de cross-sectional view
C

of a package con |gured I n accordance with an enbodi ment of the
di sclosure. [0006] Figure 2 is a partially schematic, side
cr osss sel®0P&nal VFigwe bis apariialiyerchomatise sidloorosy- mhg@hnww dfetpacienge configured

dies in a6 %8n8%£?e “%Egnﬁggﬁcaﬁ? H?@f%%iméhe di scl osure.

[ 0007] Fi gures sche rate processes for form ng

t 1 d . ts of t.he. discl :
Pbobe) i Bl s A AR éHiﬁﬁq%r*“’l%w|S§hﬁ%%as?5§f%~°>%?e&h@§% QLS o 25 isreoppection
I ecessesarf@pémed begkebRtwEdia Meceoridimt 84thiaf Rmbbdid G OS AR G| MWukd)
enbodi nents of the disclosure.

[0007] Figures 3A-3G schematically illustrate processes for forming projections in

10 accordance with embodiments of the disclosure.

[0008] Figures 4A-4E schematically illustrate processes for forming recesses configured to

receive a projection in accordance with embodiments of the disclosure.

[0009] Figures 5A-5D schematically illustrate a process for forming a projection having a

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] Figurc 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.



[ 0009] Fi gures 5A-5D schematically illustrate a process for formng a
proj ection having a generally arrowhead-shape in accordance with
anot her emdadioneost470f the di scl osure. 15[ 0010] Fi gures 6RetBs2009/054313
schematically illustrate a process for formng a projection having

protrusiﬁgs QQS I ndent ati ons in accordance wi th anot her enbodi nent of
the di scPEIHEED E?ﬁﬂ?e 7 schematically illustrates a process
for formng a projection having dendritic structures in accordance

with an poppdi Memevahl doRdeh&td SsHE ?rcs&@@ﬂs@ﬂ_oﬁhﬂlzlfcede%&i&@_below with reference
schematically illustrate a process for formng a projection having

20pr ot r ul$i ppekagadd SpAeRAuStor odryiden andceiserablise: wid rmetherish&r Ewpig mevkeged
of Lhe MAGLPAES: abH0d Ihil! QWO A Min S EORTRL ElalY enbddIBIE LS Boscribed
or 1rormng n ur Fler enpodi men%s

process a recess I n accor ce w
of the dvsol egthreferdnd® loljdmigurdestod @ids. 10k sohépmticamlutipr diel' ssuseditteodghout

process for fqQrmng a recess ip accprdance w.th still further .
Ebod mefft Gelufe AnTapSE] BgFe oF SpOUTSI FIGU LS. feneesie T iSicpt ntograte
process §ffuitCes) ffiden dics Sah SR HHMC hil/orSUBS hdvRt e sthbNscRRENHIARCRatd N Many
anot her enbodi ment of the disclosure. WO

2010/ 030%rgificHetads 0 o¢itpsm gmBodiments are set forth in Figures 1-12 and the following text to
provide a thorough understanding of these embodiments. Several other embodiments can have

10 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

1-12, and/or with additional details and/or features,

[0018} Figure 1 is a partially schematic, side cross-sectional view of a semiconductor
15 system 160 that includes a semiconductor package 100 configured in accordance with an
embodiment of the disclosure. The package 100 can include a support member 101 that carries
multiple semiconductor substrates (e.g., semiconductor dies) that are interconnected electrically
and mecchanically 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
includc its own first conncctors 111 that connect with corresponding sccond connectors 131 of

the third substrate 150.

[0019] Each of the semiconductor substrates can include features that facilitate electrical
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
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DETAI LED DESCRI PTI ON [ 0017] Sever al enbodi nents of the present

di scl osure are described below with reference to packaged

sem conducwor2othensooes and assenblies, and nethods for fBITUS2E09/054313
packaged sem conductor devices and assenblies. Many details of

certain enpodi nents .are descrjbed 5 bel ith reference to, .

o conditmtbtan iHads BrHeSHIeR SiRaG L 65 ciowet pEs H8b - et s droueh
t o incl uge carrdspbiddhy/suBbtras afekigiSio PcilitRi itadebitcBtions MEIHAEHCRED ditoT
exanpl e, individual integrated circuit dies, imager dies, sensor

di es, angpgs) di esbaydage Pid\Gh iﬁme%ﬂgi'dﬁél%atﬁ@@?dﬂﬁ)ﬁﬁ/idiﬁ%é%nﬁﬂﬁ@dtifoh@vith
details of certain enbodinents are set forth in Figures 1-12 and the

fol | owi ngJements autsidsr thei deckage, hondo fyhpromidianes cremuiunigatfn betasen or among the
enbodi nents. .Several, other e di nent an _have 10.conf.i qur at i,ons
o o oS RN 8 AhagE IS AEALE. FRABRNE kSRR b} B O package

di scl osugonectord @03 (g, sddlddr ®dlld) that feilitet ev@iettin the phdkagel @ @, cinohik boards or
appreci ate that additional enbodi nents y be practiced w thaqut
sever al SRt ETRALCAYIES. ARt SPPYRAITIES | Bf COHISOHEET MDY eGH cpiectors

Fi gures t%atjc%nn&:?q'{e%pﬁ@rﬁ hea@di to100@ tdetdiched R s@bsth@8Y 16,830 and 150. For
[0018]Figure 1 is a partially schematic, side cross-sectional view of

a sem cosdupleothesseonpeations dathetthenidgdiny firdlenippors eminberwpnstatnrs peiaage wire

100 conf.i ed ;in_accordance with an enbodient of,.the di sgl osure,

The KooKty R sRorlERE atde B RN G, Shuhr St P pacage
mul ti pl el(®asah oo Bshmnaed Susisédeapsaint B05ghat peetsdt< b duret fatuddses thd fadkagan e,
i nterconnected electrical|ly and nmechapically with each_ other. Fo%: i
exanpl e, NEIHENG Gl BYSTCOREREINS Pofveen Reighpqripg-sepmiqoafudiniubsifitsc 1 Oie tollowing

sybstrat(gscidgsq@n @eséx%e@@édiﬁ&igl@é&ﬂﬂé&‘&f@ﬁes@ﬂ@é&rﬁ%&i&@o s_tacked on the
first 20 sem conductor substrate 110, and a third seni conduct or

substr at [%071@0 st geled 200 dNenig ‘éé(i:’,n rlﬁﬁ?l gcfj]’i@ﬁll%&é UusEURH bAGE iftdaccERGdN

of the sem conductor substrate a € one or nore connectors
f or tonn@tvéangthe fiest subsdateal 1@ and the nabgh badisiratg 1S0bamfighed iFeccoedeanpiveh a

the first substrate,110 c include first.conpnectors. 111 that. face.

L ovar d TRESIAE “CuRCmPaE S hEfitRRuc. s TReAGP RIS EHF ATe Mestidhie pRtFpta
second cheeeehdkshsiatt 1BDaUcH daetht awarnek 1 Iteadd the kecdnd $iar M2eard 10bndd aRig a
connect with the corresponding first connectors_ 111. The second

g [
substrat @W ¥grexs Yo he fov subgtateo WP fchuges éJHﬁe%na?%orlllﬂ filgthe second
connect s\%gtpaté:ﬂi(f BelRegd) %Qorﬁi%ﬁﬂ&t&%ﬁ'ﬂﬁdl%@wﬂi%ﬂa faldoNGichdd e[lé?ng the via axis
substrate 150. [0019] Each of the sem conductor substratées can 1 ncl uéle
f eat tr esVit Hat firdephiactr d | &limtides ¢ penaiagng btrsomel hd,catlitbmsespdéonnedier 131

i th of HEPP AT a ot Fooidtel i RERUEIE b ity afeBle Tt o RS T feen be

nmore Vi afe-fdedf bEstit SanbC naud i whshstinghe tkide tipaceaind daktre 114 is
include a first via 112, and the second sem conductor substrate 130 .
can i ncl'geRved 8dkoRathythg fipgxonnggtor\filand he sesarml pannpeipr | Hyinglpde 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 each of the corresponding connectors 111, 131 can be selected for structural and
30  clectrical 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.



WO 2010/ 030474PCT/ US2009/ 054313 enbodi nents can i ncl ude
through-silicon vias (TSVs) or other vias that extend entirely

t hrough t hevocrgr@sqendi ng substrate material to facilitedBus2009/054313

i nterconnections with stacked dies. [0020] The package 100 can i ncl ude
addi tion features for prgéigrng onmmuni cation with el enents outsrd

t he packﬁ’aé I"and 1 AP3igR; st Pngt pERicHdEGleR AUk ralshoHg: tIHG can e
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substrate 110 and the second substrate 130, configured in accordance

with a r@piaesi Pagnd Bty mRRTobR: (e caite Bitranecin SpQEs. Additonal
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such that "the first via 112 and the second via 132 are a ong
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connect of,411 e Q _incl e a secor
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t he second connector 131 inpcludes a receéf 134 configured to receive

the peneRPHEFS the PICORICGHRR Fem. CXPRRITG kpdcanissandloy ptiss ygflesimple pisgents. The
e.g., Itadhafivdeod &hmudenanwlaevaﬁ&y'd? sBiddbic MeEALIE Kkh&Won REMELS GHdribary skill
structure 114 is received in it. Both the first connector 111 and 1?
second ciorthectlovant 31. i Frslardwplsottuathisies #ed s aichidahi erh-appljed BCBua«rnSU 8
i ncl ude 4G cl c t agpl the first

25 conne%gql‘%l 1‘?l Eﬁé C?ﬁg%ﬁcf aerf :%?Zat b él 5} g?d\jg{tﬁ%xaer |aajﬁégivle3 atvﬁlgatﬁ)%el ﬁrom
t ur n2ad nCledESncaHb«ﬁaﬂ’ Pl hdaipled, P]eﬁﬁby&tldma Ie Oﬂﬁﬂerhbdtﬁrnbrﬁsg&he dd@sive 100 cancbe
coating or di n The cond connect or can include a second
conduct i itk malfrial g tﬂqrﬂ*etffrﬁ ﬁﬁ%qoaééésgatsayé’ i gedeine 35 and

a conductive Iayer or coatln 136. As wil |l be discussed in further
detai | |40ZH, thén paasicHsr empediment ghe cogtingsohl 6e hdthingfude fig. Prior to engaging

corr espog GANRESHA Sbdites 17 LANWAR Sfhegh&d gl gy
30 electr?gﬂ?tpropert?es, an tﬁg é%ﬁp?ng§£1%%<§1g% ?oﬁﬁtggﬁﬂoﬁﬁ?ﬁggtm
cor r es pofhairmgted.onm el @thSLmd 1q a §8fur bexnfluerideplenne dTeaefditig flvcainete tin oxide
enhanc and/ r ot on_bhet ween the nnect or s

Vo 21075305 AP DESGY i LAt TR fsbS P ES | 6, U SPBNGTnE Ao low
second seﬂbwaﬂgmﬁm@@&substrates 110, 130 can be connect ed by novi ng
one both of the substrates toward the other along the via axis V, as
i ndi cat e@opy arr ayen é_lqtbbﬂh%npﬁlﬁﬁﬁi ROFhR BaRetkAtdBdratl [ MCIResl dly first

into the recess 134.
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 (c.g., at the wafer level) using steps dedicated to forming the sccond connectors 131,

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



penetrating structure 114 can cut into and/or deformthe second
conductive material 133 during 5 this process, to provide an
enhanced naohmn/@al7iand el ectrical engagenent between ther/tismoo/054313
connectors. In addition, the penetrating structure 114 can incl ude

surfaces that have a conp onent%gfg in man cases, _a significant
conponent®) fEMothe OFESRORERE £opn déi‘aﬁ%l } Gthenempodimepfss the substrate may

Accor di ngkide BB&MYirst cdn%c&él@aig?%n&‘s&&bnﬁ REnkcRRES 311 3for LAMPRENGLR @ﬁc‘ éE:Qond
structure 114 can resist relative |ateral novenent between the first
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the second.staskicdte 130. As the first and second substrates 110, 130
are brought into contact with each other, the 15 adhesive 104 can

provi de @ﬂ 2gddi t ' s IBShaMGale f%ﬂ%@&ftét% 3 PRSP 5 g?‘éﬁl%{ E&tng‘?fgrr 111
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I nterviaTM adhesi ve, avail able from 20 Rohm and Haas of Phil adel phi a,
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subs 0,. 130 th ea 0 n .be
ol nater stgenyed apibde 836 e Hl oy i IR AR P o ner 0. A
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NgV)
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subst r at
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the waf efirst skl 208 & pgitivh&sved G ptaing bubol 2044H Hag ah Ber&@s DMthligned with the
connectors 131. Each of the substrates 110, 130 can accordi ngly be

pr ocessetid Wil #h i@ renssiesietiy ernodimentnibe dusdpask 1y includes a wet or dfy thick film

2010/ 03%%&?&]_ h L}ﬁ%@@ﬁ{ (ﬁ%ﬁé?’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
1204, 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, e.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
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to formthe corresponding connectors 111, 131. In other enbodi nents,
the substrate may include both first connectors 111 and second
connect or swbhio/Bor74 exanpl e, when the second substrat e B30U$2009/054313
positi oned between the first substrate 110 and a third substrate 150

(as shown in Fjgure second substrate 130 can,in de secon
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illustrate a representative process for formn i rst “‘connect or

in accorfdiah@t@ mmmﬂ ams emtdil hept udig 2 et mlsp:dog%tabrce ot@glmmrngllmemved to
Fi gur ) t.e st _subst

mtor a Op 7 ety hais SRR TSR R B! AR i iertE bl
surface dl%hllirastﬂuﬁigreavmr Exmplé, esolilung hnMefoﬂlbﬁerl&aﬁpro&'éh@ c¥h Be ﬁéeﬁ t6 @&fch
extend entirely thra he first substr eri al fromt

1
first sulhfRase maforal tlég*t Hac gesgieg of thersgeqn fa%gauqlheromcr@sst e UppsE pY ce of the
110 can f§4dk WaRYial NG| BdRat thXod oPAR bhdBmkiErigl 115 @re qgﬂ%&tétxgraaﬁc@ rJtp{han the
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| ayer 121 to faci {)I tate ]‘gr mati on of additional conductive structures
by el ectPEFPRYISPass RETIaA i T Via 24HE M. SWhBRIPSH PIAFeSSpr ocesses. The

plating buss 122 can include a titaniuntungsten alloy or other
sui t abl 08Hduct Flaaraal/iBrstitendhs fiest subshatceli0after dhoppthing gracsss of the base

el ectri Clﬂhteﬁgm"ﬂjrﬂag%%rpgorﬁé}%&”anﬁdﬁ@ 1498 ve&%aﬁﬁ%?ﬁlﬁs h%zgéegléhgl %Aro tile base

first mas Oa'is positio over the p ating as an
aper tjur endt@alallsgied pertidular mmbodlmenﬂ,zhe ccmdactnep:toeis@wt Ht ¢angnclude tin or a tin

enbodi ne fi,rst k 120 udes ick fi .
o or oeitoy fltin okie? mfiEdeas e PR € die bhaE b s, Tin
and in aorpafih bEss adn Benpadcmm smamarlﬁﬂmtlﬁitynoééba&um més&rrﬁateﬁah@reﬂow at
aperture 170 can have a lateral dinension a di aneter)

about 10¢Bgvely éw_sﬁ%mpeaﬁtareéawdhwcaorrdmhﬁfacgaﬂaretecwlo@qﬁlemecéﬁmcﬂbbc@dmg
cross- secli AP AlquihgRehigh @%@Jaw}e Fi]ogé's][se Wikn tﬁQEas?merﬁ?ﬁ £y fn@fudés]t%gbé ora
0 of I 20a, e.g., via a

di sposed 1 n the aperture 1 rst nmas

el ecir ol appper qﬂpm,cths sondﬁh@vmengm%ecandie dppbedasing actlocimless akmkrsion plating
copper, Or _an a or, co i,n cul ar enbodi pents. [In.
othor edbehehoe Riocise €& e FaR Bl o B Ne Rl sTRSY For Sidinptel'n
conposi tdthsemibdgnentgal BuRdr lagerg@lddpatet@y. phdtcesianaydrask tk22dite dppsnthe
positioned over the base material 115. The second mask 120b can

i ncl ude @AV CPEng |16 Wik et §Igedrolvaig aroceptyr HBe cordusHva pRIERE Hifsan include

net al | urtﬂMeﬁﬁQ;&meglfﬁa% QL X AR Sfor e{?)kgm copd still [ﬁfrth r embodiments, the
2010/ 0304 74PCT/ US2009/ 054313 nm 120 n’ i'ncl ude pa agl um or

anot ¥fer wadudtive @Daingl ldpenan rbatebimiizaiteda plidri cxample, vzhereﬂediasmmess'aloklSdndedes
?rﬁogﬁfz %%),QF gflrfﬁe dgﬁg{fggt }; g);golcli: Iuglejlrc%rr%sc]:)’onamg rodess 53?&-5 igure %9 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 cach 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



the base material 115 is etched (e.g., using a wet etch process) or
otherw se partially renoved to 5 forma structure having a generally
tri angul arworosge3sget i onal shape (e.g., a conical, pyramTes200054313
simlar structure). For exanple, a sodium under- etch/ over-etch

process %n be used to etch the b rial 1 The presence ff

the secoNdPFra8iRNY PpmpFYRRBFIOD; Wét g‘ﬁe?PP &?@808 “aﬁ?ﬂéc RSBy g g itate
115 so t *&@{Eubbfﬁﬁ" flcdRgingfsutritls RAgeolBt&lthramadtd an @R @hEEABYRE AL bnd between
greater rate than the top of the base material 115. As the etching
process ﬁﬁ@emgngstmng@gmdﬁhwcw@% eventually 10 lifts off the
base material 115 or otherw se di ssipates. The portions of the

pl ati ng KW02% 122 Rigecadeds fawéaymﬁtm)ﬂﬂmtheioméélerfmtenbsandtelljls vadergaeing e process
rem)vsed felthe 0cess

mat er’ al ‘L1 PF“SHQ% PEE a°°°r%a“8%1wéﬂtan E e&bgglf’ﬁe&g%%}q%fiaglf’%“f%dn
illustr ammemmlrflm,sﬁlembaadnaé enalelﬂl af$ e apphied @hifbinlg (PEoaeasblafket Rger),

base mater 115 h en co ed a condyctive coating 116
has beenwélb(ﬂlt thegisg sfEl E%ﬁg' irgf aaask 1 éﬁé@r&e gmﬂ‘sﬂh TeeTencs &¢ Figé’iﬂ%ﬁf The second
embodi meghgy 1308 gﬁ}ﬂg%d ¥8 b5Q3hAtB%1 115 1 EALhRA WRE tHel Via Pf2 &l' fe Bls%materlal

alloy, and in ot bodi ment's, the conductive coating 116 can have
ot her cokdﬁomth@mﬁshedImhdhe aecpmh Haalsk d%kamvw@gomteptm af thy bss.n matotiel 115

in y inst.ance ecause t eria Iat|ve .10
et ot DR R T 2 0Bt BE STt Fl ish 7 ST bR pSlline Mt
mechani cai4 bmntdemge WwhitBd wlithr € gotdicting eoabih@h 16 enpenaingf gerRiNgesEilanbetiat
t he base materi 115 includes_copper or a 20 copper alloy, the
conduct i YescrERsde Wﬁ"’iliIBre g o 5‘;35%@1 u5| ng an el ectrol ess i nersion

pl ati ng ﬁpocess or anot her process, sputtering or

an

el ect r ol W03/ nas Kimyee 3F déusgates Fﬂa}theéﬁmﬁéﬁwéw Whicly thi denesr B ptcirg 114can be

buss | aygimaf dln%fstﬁé&gg .t@@ﬁ%s%ﬁﬁ& ina 0¥ e 30 R i Slfl-‘ag e hidte?RP! 1V5 &REplied

conductive coating 116 via an electrolytic process e conduct’ive

coat isng dlﬂﬂ@tly: amrlthﬂ:halddﬁ vaithethi a¢cond triagy 120bgmottiding protetqtmn al 4 mysner gererally
still.furt onduct

cont | ng St dRhibid tHivea The BT SRR 470 it PR B0 e) FsnEF iy ctches

115 i ncl pidie theGRbtdnask t1 2024hdRe baaceteridl 1 8% blynd: ehed0bdhdirfasR 120b. Accordingly,
correspondi ng recess 134 (Figure of a second substrate 130 (Figure
2), wit hfaaﬂlp‘fvﬁré%@@ageraqewé%b‘b%w&oﬁ%e EHhissygesispecessivRll changdhargs, as
process Gagadb bg%%t Gks aJnd aanto%@‘irfiﬁéﬁ?e 9. up: 1@ e-’hg%@ th% @tch ing process, a
particular e iments, ultrasonic energy can be use acl I Ftate
bondiing, gemewlly ttiangnled pcmtrlahn@ stachae il b4ais fbumde and €u second30ashl 1268 lifts off or

ehoa merEe i aTer o RPIRE Soidl! BpRRL el ) Bielia: Mgt be

st ruct urRlctfidel asmbadewah@enafatihy thapieihe bfSthep@ntiaive fiasd Inhdt@ia€s15. A
penetrati ng into the coryrespondi 88‘9r ecess 134 of the second substrate

130. Thi ¥ndygsve GREME34 1a3chy 1id96 B0 gses masHalpel S, arbie ReFtionp of the plating
conbi natg,Q0 Ideaﬂe@%uémﬂo!rngﬁl%lb%b Ahtethit 11359 It&n%%ﬁxvemﬁl .%gﬁeh g.%ﬁ%}aqu

"scrubbi ng" the mating surfaces to renove contam nants an
faci®it ammﬂmﬂe theo dcusetdmbore.t neongembb diatent thesforegeing meettbtidf agrdortimgboth the

recess 1F| e3E| a e ic illustration of

Gubst r atBeumE, a g et sieder I PR S Senmhltiih 3 s8fetie hf it sibrac
struct urggi m mﬂﬁm&mﬁﬁeembm el kel @rﬂmﬁitmm $ivehh ewBics Ch® Peéferentidlly
this enbodi ment,_ the conductive material 115 is applied uniformy

(e.g., asmaveihgfiremaslyafas andpn prde/=qithatchig Chich era Hrﬁﬁegeml#hfslﬁmszm@e base
descr i beﬂeépﬁlfﬁ Vlhtd?héreefnﬁ{oﬂ[}ﬁ&tst Qhézﬁgrﬁﬁasﬁ“fte 110&a %%sf%ﬂ%l{ f%&%h" forth

applied to t base material 115 1n alignnent W|t the via

bas et lEtwedn alsbiehisanthe nxele@biddichanttth atdoepiisicthn damasika @ pswtvi di ng
protection of the base material 115 10 over the via 112, to produce

t he shap@o3tjown FFigukdsgi-éB SRustrifee tepesdnttativg ppenst foafarimigsthe tetdsriéd id e

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

&



formed. In this process, the first mask 120a is fornmed so that the
base material 115 is applied 15 directly over the via 112, with the
second maswold®msps7evi di ng protection in a nmanner generpdi/ys®oanshas

to that described above. The first substrate 110 is then exposed to

an etchant that etches both the first mask 120a and the base nateri al
115, but Figsie 4hehe scondisHgante 1201520 mekye ¢ ssetny, subetpatsrial 137§ & myicon)
surface Rfviddenfd tatacsulss, oEonbrBaS HIBSartiP GR5R Vig IFlm qmragﬂgmAftrom the

shapes, as indicated by dashed Iines and arrows In Figure
t he end fafst suréacetldBi ty ther sscersk surface 2021y &ner althipugh-piieqyuiia). The via 132 can

penetratin ructure 114 i.s faorned, and e second mask 120b. 1jfts
Orror - oPRerhiolEh i bEd ittt ¢ BT 108, SEGRR Raltarfiambp phe e of
firsts magoufl 2020 aadrohd) EThwalBRIfeiRs Viv @BY cArebyOkciot bt diglkéteie ldyagaddia a

shape of the conductive, balfé material 115. A conductive coating can .
then be tdaedays lthe Gpisaallynpspsdiayermay b dispased Hbﬂ‘?isﬁ‘i%lddfﬂa }reto facilitate

pl ati ng QusSudtinditahBdoRpRYedtOm the base material 115 can then be
renoved In a nmanner generally 25 simlar to that discussed above. In

one enbogapnt , r i . ; 1 F?P?lf
120a andﬁp ﬁ basgmﬁg%%rlﬁ%%dﬁ%gg%@%%%fgéﬁﬁgﬁ %gﬁ? 15 légg%‘fs‘é %’?? he tety
first sulfstumbk fbOesacsnih¢ludifigin@poodegositiou aprocegsmat (phesicpl , orachwimidaliy end/or

of a_ sol yvent ,(whic eferentially r ve the fj mas 20a .
o o ke AR APORTiER blotosth G s faferyl | Bt chane R ke in 2
met al  11&kticuld? cattoeim@trbadbmeddbodifiats, ielpS twisnlns b@{e&atlrﬂgostﬁ@ﬁlr@iiéceived in
transferred back and forth 30between a sol vent and an oxi de/ aci d

et chant the racesbaps iingiuden amseated gplda thei base gnateréal 36 canygiso include gold. In a
2010/ 03 / i  he. Ssec

2010 SORHEET USROS FL MR ot B SRS AL 190:69n
first suof'hoedleii e @, deeaifiospinéact tiei@trananeheaingartointsosorad 13232 hathile

extends from.the first,. surface .142a ta.the second syrface 142b (e.qg.,
o R uhisoriin PR ShadiRue 188 Sgss S P nret o SarBhaon 2 Fespe
at the fdppHtatus,fiace pididalar affbogiaitnh dY ehed pfbs@iBliQlosufe, S SFRMIEanOprodice
about 10-20 microns. The walls of the via 132 can be protected with a
di el ect rqesirablg esulindinopartcubay tieeffech gy prodece aypcpsniart hpving asdepth Dagreater
may be di jin.t i f AGLd | t.al.:
for ot onb 8P oSt ahOfing WAUh Y, Wil RBks) LIS OF B STALERS (BR] Bbicct
t he seconwandlyatdl 8ags vl andyatdéashresat thet gmotalsafia aditespgdogemswssion that is
incI#JOdi n vaﬁor g}eposi tl@n processes (physical or chem cal) and/or

10 eflectPHIET 1O B T81%8E {1701 ess depositi on processes. The base

mat eri al can_i ncl ude copper i.n a partjicul ar epbodinent. In e
erbod eI &g Picy AT ehfiEind MlafiohEh ol F tufin 6T PEceppl stste a0 Sher a
recess I13Adidieb e8fmgUnedas 8ekndRhHed fohBe BaSendi®aeN Bl TASSoIadi Rl Sing 136
include gold. In a particular arrangenent of an enbodi ment shown in

Fi gure 4m onehd tiyplobesnktSeqan gpntagdshhegirespandingsondicaizel coapiag 136 en ghe other lobe
cl ose off,<0 i . i f seco V] .
Wi Te - 165¢ RIBED Btk oSO ARRrARE e el 3™ PR s ubodifens, e
nost 255 e moadundlive todtings dbdessoppgsiappdbes 845 @ngemain oat gfasohiactkigit each other so that
enbodi mepnt of tllég .Er esent disclpsure, this effect a\%n?dprgduce .
desi r abl '8¢ FEEE%H 198 15 Poptigupws; diyjcgper WF%eWaé‘étdlSE'ésﬁe‘g? frctBe seopRé engluctive
134 havihgtedaldeptB o Ditf B:at SlatdrRBMI PhnEd@bndiRtife SRS ARONCHNBrmva dirlicture
W wth | obes 145 or other structures that project inwardly to engage
wi t h andhattpreadest botles meghanieal prchgloarica intercommeetennyoiel b sgFrgspondingpantrating
that is inserted, | : Lqure 4B .
et ar ged T arrat Fone aphuhe FRRRuett d M Bed IR Reerdndil Figpes 34
a comduci@.ve coating 136 has been applied to the base material 135.
The conductive coating 136

[0034] Figurc 4C illustratcs a representative second substrate 130 in which a recess 134

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

9.



on one of the | obes 145 can contact the correspondi ng conductive
coating 136 on the other | obe 145, effectively formng two separate
portions ofwotdayreaess 134. In other enbodi nents, the g&rreoehasiiive
coatings 136 on opposing | obes 145 can renai n out of contact W th

each other so that the recess 134 is conti nuous. eit

ar r angenBpia ki sfeadyuuy g2k B3y betvicar ﬂ?é@ﬁirﬁarf&‘%ﬁrﬂ@%ﬁ?@/@e ﬁ%ﬂoéii Syface 342b of
(e. 9., t{ie :BRIRE sHRLEL! 1?'0 széoﬁﬂ%l} h& %919'1@9%51'1 B@a% 8 Ivfélig iﬁ}ﬁﬁr)ccc‘éé“i‘yf &n"Be
a structure that provi a mechani cal and ec rica

i nt er confesned ontheitlind &viec 632 espo mthmigusegeaenby Bmglas to thoke describedcdboas with

e o e s o b YhrE . R RS R R Sl 0 phBeThn ST whg the

substy at @cdmiubstrathi 30is the RELMEst ka¥stRRSn 8RBk Bpmsaehtésn FRE 6AnEAd) GIR: second
wi th anot her enbodi nent of the disclosure. In this enbodi ment,

WO
2010/ 030%Patpter] 195300010 5izM a4t 1gan b yseras ths@wrrawsion topipest thijgspmiconductor
bet ween F e
second s%gg{é;t%tl 26 18:%%{}'# ng?(l) d‘%ﬁg??gc A gurél%g%lgf% %%%@%ethéﬂ %Fil né1 a%/ ?gﬂ.mcnng
The recegsictigs wikich weulddrenfermédnif ttiesdobndehbetrae 132 wasi inghd modibd ofirestack of

generally.simlar,t ose .descr.i bed abqv rence to Figures
4A- 4B. 1%‘83?3&%9&13?4 wﬁ b&? f&befid‘F‘é‘gﬁlhi/prB%e% “dﬁ?”}%lf%/ ui t abl e when the
5 second strate 130 t.h er no strate i stack of

Substs at WISTEor B 4 e&sﬁﬁeﬁaesﬁi@sw o5 Diogssss o dRrTAE 4 Bors 1Ad in
can be Ug@grdascetvith @pﬂrﬁwms;mb@ﬂm{e@pnmﬁmﬁlglfm tS RIS UGhHorSHRE A1 L€ is
150 shown in Figure 1. One feature of this process is that additional

connect i Higposed wethinrtbe vighl 2h Wetibuprpe paseribd 48 fcan frslusle cobrge supbesial generally
130 t
30 et bl 2D ekl P20k YSRT 1 5B SR RA HIBAL no

illust ratteee&smly la candtchies mptedele SEhefsoppdironaena 148 cactosa 1dIR4 145 which are sized
accor dance th a rtic odiment .. Referrin irst.to Fi

o Ol S ntiiga 8 BRGY & H ¥ LSERIDHEE thed TPt Ay s bSesfiol Eorpletely
support edeasft e vi483Zamhisnglas@ndht BBSHs BRERAdrRlor 9BRE Mkl fnBvhdgehOto
the base material 135 described above, or it can include another

mat er i al SNgiGRto He WadAr aftgr the contgc3oes heaneanplied. Freremoppligentria sdegted to
148 can | d o] \L\Q%ﬂ a o}

| ayer 1 g@fl‘egpnéﬁ % 4‘téom{éhe gl%erg?t'te 1%ﬁa%élegrll%e fﬁ@%&l t oe% ?\%t tCMﬁQg f36).
conpl et eﬁgcomlmgg tbé supphe material 348 cafhbesreaorahigahe pesitadnl iodisated by tizshedtines

Coat g 'RIeREThE 0 BB PRHTCnol SHS, GPOTBRS: & SEreaerd 148 n be

prefer erﬁotr@ildtéiyrr@ﬁ@&éﬂ tihany UPERES ciiBdddmbmb, thdSoaifig 36 ciM tnRiH in position by
renovi ng .t he coating 136). Accordlgg 9 t he support material 148 can
B0,

be renpvddue ¢f Ifsr?étaf}wn@ tote baed pask ogtaedy. 1y vigye oftbe pyppprtgrgveded by
4D, or t, %nlﬁﬁlh' F@drp Hﬁtermﬂl@ﬁ%h@ @&ijm‘ilé onk BF gﬁ)‘l’@ﬁ&ﬂmb il 'c@c!ttmg

148 can conp renoved. 1n any of these enbo
coat i ng 1B8Gre amtﬂmmdnniorthpmw 4. blheviautinge oofayért h%atandxemmdnlctWe) ot hen-

bond d 138 d t f t i ded )
o P S LSRG T a B s b5 BURRETuBh Ry el

por ti onscodfiectibe, & daichdigcal ddhndEtRonC A kithe® bRLEMmcH thelcbid; gemsm lepfosertiteye
coating or Iayer 136 can be conductive or non- 25 conductive,

dependi riFrupofnenaing materiaktbaisisingsitignagdeo gagape ety »Eprregponding penetrating
nmechani %%Juét‘ﬁked%td'ééc?i%lsdﬁél ection, or nechani cal connection. In either
enbodi nent, the coating 6is a representative exanple of an

engagi n eria a ongh :
o195 PHIT 2by e, B GO SRR R FIET, Wn
par tical |appsahesteyinormbll toshe fitst corfade 141e. ecdvondtFEguratt, h3dGoaligokikas

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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30 approximately normal to the first surface 142a. As shown in Figure
4E, the coating 136 has been selectively etched or otherw se treated
to form cowdwoid/oser7pr oj ections 180 that extend i nwardl ypaTuseoedns4313
recess 134. Alternatively, the coating 136 need not undergo this

material WO 2010/ 030474PCT/ US 009/ 054313 reno roce elther
ot e mOvP TRt b SN EPBEPANERITAS N 8 T /BsrEs 10 Bh Eepoies of

coating thdQo&afy 38 d%haBroh BNGHWH iy 3RGIc8 AraétldGhat! BeilifiRd thfiobéss 3F 8 eiving
t he process of Treceiving the correspondi ng penetrating structure, but

resists ﬁhetcomsp@mdmmelp@#mgrmmﬁ Betrrasista metion of G peteiratingstugire ggof the
exanpl e, vih I]?qufog egﬁﬁm%lgf ht r])%l’t? fgﬂ?’ é(?d@lngal%g zf%n @ginsfgd I‘?lﬂ!:llg{ d1¥d/or axially

and/ or aXl a acpar

enmbodk rremtvardl)h&ltml HRUPHSE ﬂ&@l (rea gamcrﬂanémb@ﬂmemdbheemdq;pofted (e, ,cmtﬂenged)
136 projecti nt o t recess 134 can eng

ar r owheads nglé%C%&H%t tprq:\fgcﬂgsrlwettﬁ? Beofy e?ﬁ&rﬁngeﬁe "yith e ggpv Pk Sgped

NDti oN OfenbBRinRERBERLAL loNGowhf HEAURAt Bdlst Rotibh @f HRCRSSraki gsﬁﬁ&ﬁre‘ dut Q@%c
entered the recess 134. Such a penetrati gﬂstructure is describ

further @eesaild4marev histentered dheeiseess t134Fi Tuchess PERIBIME SO[COOS T @sgub@sm
5A-8B i Itl %ﬁétraa&a ﬁﬁﬁg&\{ﬁ%@@n& t{)]%%ugers%% %d correspondi ng formation

met hods accor enbodi nents of the discl osure.

Flgue5 | e ,i trates t ubstrate 110 havi

first @M Iover FEBE sAHP dRMRLS Saldfrbe (BRSO SrehPed Y | Blpfipn
axi s V, rastlods ﬁae&emdamakuﬁ ayther 4Gl oﬁtﬁeadilgﬁdisu&ﬁCEigdreaﬁEr fode€ample,
170b, also ali gned h the via axis V. In Fi base nateri al

115 has Hugmptespt ﬁ@HSUBJétr%t% él%laﬁYalg;ﬁafarS&m%awq?%WFh b 665" 8pRRKT bl aligned
110. A thig theia kaxpsz‘@Caridsa rsé't%ﬂd E’i%k tléﬁpnglPW?tﬁ d ﬁ?gep%nﬁr%b%réll’iél}%lso

[0038] I n F| gure 5C, the second yer 120b has been renoved
t he basealignedewithithelvigakiay. bla&ngtet éBezdbm notdral Wi Slees ;hequpd;tedi td the aond pad

e SPGB0 A ARSIt e LSRN 1
read 23100 3 800 O LA IR R PR ARl

fl oated BalasHeeRth@bdvos tHERSiSE Padcesied The thidnst gomsHlyl Qywahr ﬂaZﬁhat described
protects a | ower tIpéortlon of the base material 115, which forns

shaf t 120bove BEBGFFIenEs uRiguns BC. thesordingly, thabreeimaiesial 13 hashesn tg@@wd into a
removed fQq Qéﬁ%ﬁﬁng'aegf%g%ﬁ% tlhrgulaPBRdsd- Eb%n&%tsh%b@ Hﬁh@%ﬁlr@ﬁﬁ& 3R Lkh

to the base materi orm ng apenetratln struct
20  protected the height of the head 123, has floated away or otherwise d13$1pated 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 penetrating structure 514 has a generally arrowhead-type,
25  cross-sectional shape, and varies in a non-monotonic manner around the periphery of the
penctrating 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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514. An external surface 529 of the penetrating structure 514 has a
general ly arrowhead-type, 25 cross-sectional shape, and varies in a
non- nonot owioonensogs ar ound t he peri phery of the penet redT/os009/054313
structure 514. Accordingly, the penetrati ng structure 514 can both
penetrate into.the recess 134 descrjb ve with reference to .
P ur e B G CISORG DT S A o B et ok Sred g 314r Goflescribed
than thegghaft 124, can interlock with the conductive material in the
recess 134 and resist forces that may tend to di sl odge the

penetrat joggojSt r UG khder r i tAe d 8688 134 fohﬂnéO@%Eﬂré?fﬁg @@&%H%em
portions of the external surface 529 "are non-horizontal (e.g., have a
corrponenaccaﬂdﬁmeuﬂvwltdﬁwt nmbvdlmeab@fehwmclo&we Bﬁ!gllangsewﬂhflguaﬂﬁfﬁe&m&k 120
rel atjve Iat 010 4 CIiu 0091 bet

the s eamaiells, PR AT Pl donah S (A hd foRat ety 1oy PR o e

514, as glesay hike2bRyIQing[(ROKENFiad Ul &SvHidr K Bxpdskdi staradlopering i€ gfask. OThe
form ngd(? penetr at |0%g ﬁqructure i n. accordance vm t h anot her enbodl ment
of the eé’@?‘B%‘hlr%e B‘? ﬁften'@aW? hl 5 Etly e° G’NI"da PR the ogpurss g sthéﬁiﬁp‘?sét&’“
to the fibslsS6MEAREUMRatiRY IS et hsyidd Qif abia ripgl s
appl i ed o t egp rg.tl ng b treusafeI % %ﬁeosser 1%/%1% tt%ﬁei %’ond&guac 1558 P%\Ah&%ﬁplle the
eXpos ed aliesnaging dpersi ¢ag n¢ludehsmathgiein Ikers d@podatingn rclafu‘@l)oﬁnd; Bembatye:ture
mate 15 can_he, vari he course of .the osnt

e ool 2 el B BB VB P Ml (DG EORER by AP BRI fbre can be

struct Ur(&ﬁltroﬁ@:r bexaitlltng thbdepdsitdhnate (eg I3y@htokiag tllel’lﬁjrtd:dedaﬁﬂjr)l for each
grain layers 125a having a relatively fine grain structuye,
large gr&¥ss: P8y dhegeby uying, ayelagvely élea’r denosifpia iprocsssy pctormp dhe ?’ﬁ%“ @Faala rlaayers

struct Ur@59%&?1@1@‘3%&9Hp‘i“xfidetﬁj)ﬁsﬁ&{‘gnrogésk 'td"ﬂ:rlwﬂl‘?e 9RR ik la?&erQS'l? (e g.,
by controlllng the current density) for each layer, e.g’, th

usi ng alglghﬂt | velyy F&h%"%@qﬂé’ﬁ{aéﬂ PId 19%%% Rerfdded Qﬁﬂh%%%sefrﬂ?tltzlllalglrlg'h% been

| ayers a, and using a nore rapid deposition process ormf
| ar g& greaipnsddaipens clchsi, [Imeéllm]gjengrﬁ’ nguuyers 6B,5bt ldee rnagke Ta@shasudieenof the

renoved and t he. base. materi a sed t an et chant,.
The | ar GORGMMIMEGBEG S5BENSid oBEHE S8 DR 6T Qi PR JfRp payor 125a.
cor r espoRehioRdndy ahd fesuldh € pElctih Auchird6 Badag indladeréthBbnaN 86 ilRensiR ith
grain layers 125a, Accordl ngly, the resulting penetrating structure

614 can PAtafiees gedt rfhsﬁoetﬁ@ ye bl& exmthen g amptied ihdenbase inntarial A75. AThe
coating J, &Ml gvgtgl‘[rlﬁlaﬁrﬁb@gﬁ)gh&%% ied nbR n{otﬂ&ogﬂ:sﬁaﬁﬂé} ghd &n thi® fac]_ltﬁgt an

resul ti ng ext ern surfac anges I n a non-nonotoni c manner
can 2thusinfedocking at@gamnmnlmtﬂmdomdﬂmtwg matyiabeerurrespanting iecessonduct | | ve
material of a corresponding recess. [0042]Figure 7 is a partially
schenmat i [0043]l ust Fafureo i iefa @arftiiahﬁtsclsantmﬁt riﬁnﬂraﬂidﬁ) ofiaav firsg) sabgretzel Flahavigg a
th ;gfég[}? élzt% g ¢ q{rggtﬁlrelﬂtl ?Cr?n%%? Accor ance w?ﬁ] fnotier emlgb(%ment or]f the élséloeure 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 laycr (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
squarc foot or highcr. As a rcsult, the cxternal surface 729 of the penectrating structure 714

varies in a non-monotonic manner, and includes indentations between neighboring dendritic
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penetrating structure 714 can be forned by applying a mask 120 to the
first substrate 110 and applying the base material 115 to the buss

| ayer 122 woewiyisng+st he bond pad 118 to forma 25 general/uszomalsyarmar
structure. After formng the columar structure, dendritic structures

728 can bhe for at .the e sed. end portion of the base material )
115, and“%‘c%%?tmﬁ%g Wﬁ‘éféle“ran(ﬁi‘(ﬁgﬁfa ofhing-jfrtae ?3114343%%@3*55 | Qtgreeess with
the dendyhich theSichitEdtiE 8Gucfd8 71 ReenggRdr i tic structures 728 can be
relatively small (e.g., on the order of one mcron) and can be forned
usi ng exjopiiing eheIhQ! YhbGiRERECaRCEendAl sBlctib8VARELCHE T BRhed by other
densities conpared wth those used for typical fill processes. 36

For exantetlmiquekeardiéardeant haye sithanshapess Foz Sxempleb endtbernte chnirgieniyr domrien the

densitie f...50 ams r. are foot qar higher... a.result e

ext orhar feafpv e dpRIBE B p RS e My Gy ROE e of rf8itvlsed f Sgooureee
NoN- NN O4rOdNefal NERA Qlepositivth pro€dssidRfing NEtefinabiicNst the pyrentinesalRhes 704 c.g.,
dendritic WD 2010/ 030474PCT/ US2009/ 054313 structures 728, which can
faci | it dewardihe prdbeldhs derssttinn prscwsoty arathes xaraplerthafengfitig strushue 42§ panpbe
whi ch t ' 214 : (N -
enbod Mg e T has e Nes bLHE pHt ol a0 P T a0 A ol By A orming such
t echni quatsictuzgsdit the endef Hevenetatieg stindwe §14.Fohis ehapephe be agintvied by continuing
techni que _for, form ng the dendri ti tructures.z728 i des

o1+ mithar 6§ S B s ps SRt RSPt (ORbLA POMRE B A nish gl g amaysd. and
overal | ewepcatep p&ictrhiry PHRaesSS)4 @il enenianced ili@to aierbick M the conductive
penetrating . structure ward the end of the deposition

. 714, e g., to of
process.mﬁtﬁrl%lﬁéfl}?éﬁceé&@%ﬁw@,chﬂw&ea%twamsﬁwmgﬁ 7 it isiperteds can be
formed al ong the sides of the penetrating structure 714, in addition
to or in0P48u of Fravresi HiySBuidiustete yelt anothst grocesselop Aerming gHgnetrating structure

penet r atélqgn.%{:golr'@atn% %itﬁ Lothdd¥rhod ‘?ofﬁ@ dR€io ?.i gK%QaSQXna?é}ﬁg h P4s s lied
to the dendritic growth process after € nmas 2 or a portion o
t he maskto ROYoridspadeliBusthg aamakkckd, e shatve ia FgpineBAatin riguse BB.cthemeask 120 is

with an enhanged, ability ta . interlqgck with the.conductive, materi al of
the r ecdBEoTsH A% AedHSS Heteboriseticsed i derctipiniprocee gt i mulfple
[ 0044] Fi gofi@sor8/828Bunld] hbisitdtahe sP@tat @ROMASFors 0 6RE SidE Portfods BF A Fenctrating
penetrating structure 814 in accordance wth another enbodi nent of

the di scisUre. Arpridinalie thaae dertions hawe pr ingeylar cotornad spraaen®9 6ikel qracthat
118 usi ngyyigs FRSknok? ondiGiyic AP NTi hén3ed 16 i WeCindEhtaldd§ s@?.sééa be

120 is renoved, an ase materi a I's subjected to an etchin
process mwhiivdly apguisive, ¢.g., H02t] @taterppotoridsi: bpdro8fiériamdd)i Hdetiteatmbebments,

827 at the end . portion.and side. portions qof the penetratin )
T uat oS e 3Rt P ey P By RorBhe HioRe! &8 el ek i BERL ndsedtd 7. cam b epplicd
surface (82 bage thateri@NB Stalfi@f the dfchR$ prdtess if6GmB@Ot ONi ¢ nanner. The
etchant used to formthe indentations 827 can be 20 relatively

aggr essin[gms_]e- - Fightss DALOE WisBhte'a REERX o FormiRy 8 Qetl Mhd Gnd&deflk-any Bf the
ot her enbodi nents, the etchant can have ot her conpositions. A coating
| ayer (rfoteggausnétintipg girreurey dessnberbabaypl ieginningt wish Fiasee Mt deipsgoessiGn
aft el t "iﬁclﬁ&ecﬁ}#p@q%& P material 139 ’E’(EL Aefectrd Q4T Y rli%ﬁ’lg?ﬁ% ﬁfa 13h o¥ e’ B
a process tor r ng a recess that cCan recelve any e
substratc 130. A first mask 140a is then positioned on the sccond 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 basc matcrial 135 has been applied to the second

substrate 130 and the second mask 140b has been removed. It is expected that that presence of

-13-



foregoi ng penetrating structures descri bed above. Beginning with
Figure 9A, the process can 25 include applying a fill material 139
to a diel estordon/osadzeri al 141 lining the via 132 of the BEDUSIM09/054313
substrate 130. A first nmask 140a is then positioned on the second

substrat 1 0, wt eni n ned th the via 131. ur
0B h oot dntestion 14l PSR, e el et o6 the chaastiangbowtn the base

depreSS|@latcgigi?,lgtsmgaﬂ@ﬁ]pﬁg@nge;rggath the first surface 142a of the
second substrate material 137. In Figure 9C, a plating buss 144 has

been applgoggh t O THE;RRCH IhSHRS hlafh il i%%as@@gl &c&@%?@@len%@s%ﬁ%&s%qp form
has been positioned over the plating buss 144 and processe form

an openi eng:caiw léﬁed wtmg 1}ecanibe applisl v thd babFrr@tg:nel @D to fwdltﬁasmerconnecnon
mat erj al ied to the second Subs 0

cecort mid 430 eRoBrsBlR A-bint e MRe SRS A BelRl. Hhroa o5 b drfng on
of WO 2pa4&Y s@ﬁ@ébml%ﬂ'ét USRI ORESE 334, h?hd@@ér&;&ﬁh@mﬂlban Waslel ank P4 Oty of
the structural integrity of the congectl on between the base materi al
135 and $h3Bess jdependiigeppdy thesghape HH4BS IHTRPGINIBE PENetTAlAE FHYE TR R}/ rapther
135 has Q@ﬁfbseﬁ%g@nfeﬁlap&%&dﬂnéﬁ %Q&%’%%ﬁ@a&%*{ 95%&6&&%@&? iR %irstSurface
coating 136 can applied to the base materia o facilitate

i nt er conh@ataf (bhfﬁ seSondl supstarty neferiah&37, brewwiing thehlnagriah§3%t Allememedy, the

Acco ting,13 a ner. urf ce, 9 t hat
pounis. t HathsubldSe SRR S i eI B0 B TRl B8 s recess
vari ety tf4csbapesn rédefgrnbongthd petoriharatapaphs Ish&socmﬁfc@t%@@mdhdhgd lines as
penetrating structure and/ or other features. In a particul

enbodi meifeess 11980+ niettills angther cenobodimernt, digtiserss Héﬁé&flﬂ)et Hided iWr‘tQta conductive
surface 141&1%@&10:: Q%ﬂ@é?ﬁ)%’c@ o bst Eﬁﬁﬁctﬁ@tp%té at %%Ephé?i% tl‘ihostecbrﬂ{ts%bétﬁ?e 130
fill materi al 159 Alternatively, the inner surface 947 can extend

i nt o t heinfg screemnahnabr atB@, pragess. nth avatod dhase cobedimdntsi thesecass I3dcans seceive,
Ilﬁglccat o 8'(31'18 das 'ﬁean fnﬁgs&\l/c%llt Qggseze%%ibf %%)r];n%%f wj’tf}% n8(%1}1;'<~:spc)ncf31 ng penetratmg
enbodi meqituctutdre recess 134 can be filled with a conductive materi al,
e.g., a silver paste or other conductive paste that is applied to the

second S[a0&7]r at e Fighitesi 1042 16C BGFa dndthen grodéss Fboh &frmi{gOL ekSss thit @i Vre@ive
t hese enbodi nents, the recess 134 can receive, 15interlock with, and

mechani céamcgf thefaregpmg Pengimiing steusines tFignte A0 nlusiates thesesnad substrate 130 after
P ocess 1 0F bl 140%c g, IO0RT RS clopbscDl b WDl BRRLIUD pas bocn
penetnr atpasgioned et apesionfef therfdl hatriall 139s fu Biges HOIBetlsemﬂﬂl?eﬂdtasbewfermed
via 132,900 it el T 4ed valtip Fayr BRE TR el DE Eouso R R pRee
fill mat@rih@ivalS8t the Redekg1B4e ASRBrdihle, memaﬁataﬁﬁ 1Basnb@ecdabfigidterial 136
directly in the fill material 139, and. in _Fi %ure 10C, the conductive

coat i ng CRBAECgRHT faErth apiﬂop@aortd@ctf‘f?efn%ﬁwls%f h¢eoafipg 3@ capdhe applied using an
Accor di ny ersJ)Ilf' Sthéd nroBLEr ALy 3 2A0 nglgg'?s Héd 'ﬂﬁrﬁ% { Qb ahn ﬂél%ﬂ%@%ﬁa%nd

t oget her ormt e se o conducti ve terial 133.° T coat1 ng
be appl itbe scrsmdg;u‘asmratmﬁ’é)r sinobe mnnedt thehe firsh sebwrateAl H0e(Figune 2t asing agy 286he
i i t he . 40 can be renoved and 25t he second substrate

i's appllt:g]dé0 Pag u
130 can BEH B]ﬁrl.%a ntg AEY$S r st substrate 110 (Figure 2) using any of
the [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. Converseiy, 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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foregoing joining techniques. [0048] One expected result of the
process shown in Figures 10A-10C is that it does not require adding a
conduct i vewlnemenosedreri al to the fill material. Conver sebgr/iuse009/054313
potential result of the process described above with reference to

Figures 9A-9E is that it can produce Ia r 30w der) . recesses
in a gi V@H 5. a Wcleneh*ea %?aﬁragrogvt#a ogéd?r??%#fa?% 4%%1!@5 ove with

connect i Qi rdsQL f(ﬁ,s RORA I DS R&AE S RIhBIc A HYSinkd Bsing M@ combination of
2010/030474PCT/US 009/ 054313 [ 0049] One feature of "several t he

f or egoi Ny remplecle e meessdisend eleidic sblosiratog and F penstratingestrugture guﬂ@sotllerlc@le

is that ck [ o 'n ion,;o
e bRt PR P SRR ARl BRSO FPE S e
St rucs ur ecéss chi@avat dgjed ctlig sﬁafms tedlor the pedeti@fing hhﬁ:nﬁff baﬂmeempedi §xternal
that the features can_be self§? ni ng. For exanp t he rece

can haveSUiagised e 1yfacssqen bs F*o%‘“‘cer?é‘glﬁéFFé%tlf"étt? H W8 pxjst éF%Dfa‘&El% as

have sl opgednext@biidtesShicl 8fRgnt THRIR:, S%Hcf AERIaRRY RGcHIORRE Ak AckCcan
angles relative to the via axXis. Accordingly, as thc two substrates

ar ¢ br ougfspmmodait keme misabgnraenst foneiamples o ugalignmend o saviaal mégrerss can
accommodat e sone m salignnent, for exanple, a msalignnent of severa
m cr ons. [060150] Argbtier féabat urfescudralsely g doregbing renlfodmegti degeribed above with

enbodi nent.s descri bed h 10 refere s.1-10C i.s
Chat 1 hore BT PP IO T s s e pep s B SRenie i Jutop SP-Eadcubl ontvgg th
mate Wi tIlaat@omes;aﬂwﬂbﬁkgng\qaanih@ﬁtcﬁmtsakfa@e@rcffatﬁeSre&fss.t @ E8RERE .red of this
expected result of this arrangenment is that the non-hori_zont al

i nt er f acETHEEWREAS ththe poahagzonda) intgdecedretwesa thiotrderpdisurfacesefrthe penetating

and the %ﬁ!lc e Qhd méewﬁlrscgliﬁle%&sg e $dsist "I’attxgr%zlagtheﬁeg &ad qﬁotﬁﬁd ffpﬁdcﬁ’ﬂm the

In addition, the inter I ng arrangenent enetrating

struct urmtemlndkmglerramesst ¢fehg penctragngssippone apt te |rctesb (c5 thy smppert provided
recess can bet an ertic forces that m cause
buckl not HRserer et Pt Pbfiol Hebical breSeSicpatf ol o othor
feature @ﬁmé&mh@ﬁﬁﬂpﬁ@ﬂﬁ_Of t he foregoing enbodinents is that the

i nterconnecting structures can be relatively snall in size, and can

be space@osijose agenbokr fE@ire OFHMERt sdie @f@@rfdr@gét@r cIBPRPRAERE Y that the
t he penetrating structure and the recess can be fornmed

interconnecting structures can be relatively small in size, and can be spaced close together. 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 eutectic temperature, ¢.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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20 in/on vias having a width of about 10 m crons and a pitch of about
50 microns. In other enbodi nents, these dinensions can be smaller. An
expect ed resulotor@bsrehi s arrangenent is that it can redueertieosmsenal |
size of the substrates and the packages into which they are

i ncor por at ed us.enabling the packages to be used in nore conpact
appl i cat PR tp g@%‘bﬁa@t gcmdm%nwweﬁ% thesk tipmenr. i Bawilike @ drest She EHigting

foregoi n&o@éﬁ?&dﬁﬂf&f‘ﬁ(ﬁlchﬁy fcﬁﬁﬁc fiBRer tdRp ERABRE 6T 1 PR WOEWEREL DohdlRe. For cxample,

penetrating structure and the recess can be achieved at rel a%we l'y

| ow terrpefpe;ﬁlucmeew@noopermoedmarregce%@rrefemarﬂpgle temypreeatureh ef &ATEY prampregand
struct urﬁgﬁg%bgugee of‘;‘zﬁ@ﬁl%%é;{lcéafﬁirn?ory n cl addi ng, the correspondi ng

substrate resse er and elevated to a terrperature

apeci 1 coaftoa: mbrer SR TG hermpchy Ryl aB00G: Sarse SRS HRERs tehales g

coat i NgspentatRiFbQeliciREY, and NnteRBnMtiED thh peretritinpOdtichged withl herbabRd in a
and the penetrating structure and the recess each have exposed gol d

sur f acesmanigs thet sueluthenisdens o ehmirate te ferceppied e Agievatapend Wq«?ﬂtsﬁéked

Lo Son ¢ BReracp SRuRERT BRI G 0 04Rh 2ndRrTEIER e T & o

ener gy) foonédaen bi 1nattfersttmhfcl|uategl 1361 andenrrtdposding reensset 5L34Thi be fossmewh bmn kein a

Cemplf at el Bt 8BRS BBt Ho By | il B ol conductiv

copper - t @aeAPP@I a Ipmdmagexﬂb@zﬁ@e:&esutr mq@théxeelhbcghn&@gneeehuf 8e f@fmea% a
or nore and high pressures of 200 negapascals or nore. 5[ 0053]Fi gures

11A- 11C EAWHE i) agd <rae}§1@%t%@siéveéwe@q4é"r%P@e’eegtelrl@ﬁ, ipglpding e fstsybsiate
and pe”%ﬁt@hél”ﬁ 1§t [Ny f&ﬁﬁese%%ohf?r{e‘ﬁ{&%%@Hét}aﬁﬂ ts!?fch&@ﬂ?h&@éah M9ve an outer
structures with the recesses in a nanner that C%l urther reduce or

el i m natwrfabe tifabic esndusted. t Borachinpleg aaﬁﬂsbsmtdtieyameldmzst:ackedlsposed over the

sem conduct or.. subst r at Begi.nni.n ene in

Struct oo iy PR 754 REGHBRGReituibades B R ARCorRRE 1R, At mast
cor r espongdoigah a5 5 SclddtBAlC aiRphred f(or aBgdoRd @ delecBvE e Gomsveay Rat hatfast
1130. The_ penetrating structures 1114 can be forned froma conductive

mat er i al Subprae hblOtp covesthecisiorsprianer 11§de in eisnhadirepedismsiesatingsgycture
not be fﬂﬁﬁre&dflééwt& ﬁx@mh’&fawﬁlm Slofld AW feRfrdins seacu PR frar med

fromother materials, including the first subﬁétrate material 1113. In
any of t enb V.
oo o PS8, T TR L DRSDFLERILO0 SLARA UL M 5P Pl Rl
1182 cain the red:espmstb&# mdeﬂhe taljacent popmne bf dtel smgorslt substtane €5301 1Adseanrdl mask

can then 1200 cBF b Araie on BF oslont of i ehSibirtd bres D btmyuph ot the

removed)re@disdsNa34.i TR figtfibhttad €1101ha thesebsndasubithe: Fii30Stke HaEMoV@Y@lative to
1182a in regions adjacent to the penetrating structure 1114, and

| eave t Hch Ofhet as indratedyyr armored sexti Sbelpepetreting fpﬁ@ﬁ@?‘?ﬁaﬂllﬂgntﬂ the recesses
structurgg,s1114. [0054] The second substrate 1130 can receive a second
seed Iayer 1182b that is disposed 20 in the recesses 1134 and the

adj agcent t| on n n

can %g oI| Sp sed %r%q‘ the llﬁltgﬁ%nésjﬂ%f e%stgaé%%gl saéleofﬁ$g Ogd %é%%]ﬁ%) after
posi ti ortedy bacSicte molred roenﬁs S@Sachbm:r sudtethbi the tpczscmiaﬁmg ﬁt'letuldslﬂ ldngter the

t he second subatrate 113q %re t en noved, rel a to e ch ot her as
i ndi cat S@TSPORAMGECSASSS I 8hatVhi thﬁ@n@%&f e Hisifcatel cRAttAt DECveeH Acopiigirating

the receggsfretlids a%ﬁ[tﬁ@%ﬁf‘o%ﬁ@cérk@?bﬂdl Iéercé’sfsé‘sslfﬁe tifd ﬁéﬁetr&ﬁ@%tf&%&es

1110 and the second substrate 1130 have been noved
rel ativellld ewdtreenssesr 153dcare heencrabe Ipréneleclmmqa@y sinfenloekede svith] each other.

cont Rot B AU TR 2 LR URT R ofe it sl B S g TE e b PR a0

contact ‘between
correqunmth@pmﬁm%eﬁnhﬂ&gurctlhe ipengt sradongissdnk.uct ures 1114 and

-16-



WD 2010/ 030474PCT/ US2009/ 054313 [ 0056] As shown in Figure 11B, the
first substrate 1110 and the second substrate 1130 can be separated
by a gap LWw®bLoioJizes7swo substrates 1110, 1130 can then becwussoesisedst o
an el ectroless, electrolytic, and/or other process in which a

conduct|v§ naterlal 1183 is dispo eg_ln t he a H§éﬁ The conducti ve
mat eri al (00393 f o awbﬁy@ﬁ&alll% Hedirecrbstas | BBAR Biessead Setigated 130 can
first segdsdavesd @}%Z%I)C@Isnl eq‘hpxwt) tt%bt&ate%tuqubttjoata kA Qe aftjtrecteaeto an

second seed’| ayer b carried by the second substrate 1130
regi ons ¢eatvobash cldsrolytic ginbor pthgr process sresrhmm:azt:oamnb@m@eml 11188 is disposed in

hb
e Jnoer YRS BIRE Phd RGRLOHEIEER AR RUSKESEAHER A ey e
1120as re&spsed layet y1.82h 045Z] B the firithebshateduco, la\ne thﬁt«:ecrnidabecmiﬁe% 111820 carried

di sposed between the penetratjng structures 10 1114 and
corres po%t%ﬁ@eqoeé substrateql130, The,pearons betwapy fk@é’@tﬁhﬁ"%ﬁ@sﬁ ééé“ and baggeen

are remye (Elmgﬁtktﬁm%%hét%ﬁg @tmam%s i1 f4Sdre ?Hﬁcc&%cﬁ)&ﬂ 1RERHdIAYE En%tcléﬁ 1?18&3 by

1182b positioned away fromthe penetrating structures 1114 and

r ecessesthg $@4ndimask hi2gband thefiestoweld | 1 ¥orspdctively.he structure shomn
schematically in Figure 11C. At this point, as a result of the

f or egoi n@O&HL er i After dreosoaliugive cessasd 118hs cémeerdtiteywmrthé paietrdéng structures

inte stl 8 05|tlons | oca 15 romth o]
for i bERGed teocaR g Fae Sty P bt M et sraoed et 1 Eaon ity are
rec esseSreﬂataaéd il’tteeﬁﬁnbrtstcﬁ‘rtﬁé fiss@ andldeB4n L svad Q3letsON@LA, V 1REL pasitioRdd Wivhy fidm
fill material, e.g., an underfill material or anot her suitabl e

di el ect rihe PRpgt@Hing strugtiren ddi hand dithrsgessent 134 wadhen plse repovedsppdeing the
can be |gf; l’:m?doﬁfawnas?ti’eintdﬁcatypﬁ% GY B¢, tttﬁé"g&ﬁg%a etstit‘? hﬂ%? @%dlﬁ%eﬁatenal

1184 can form i1n whole or “in rt cooling c nne at a

first andmedqndcestﬂsstlwa&s&snMﬁrm uicltilct& m@r@eea:dal’ﬁﬂeaft Ibo.seio;as 2foted| m@ithvardly
For anpl e,, the .i terf ce bet ween t bstra 1113 can be
cool B2 lRarh g s R BE v SRR R g BbeE 1 °74 e srbo bR frsos
a partl culzar eidaedhtemiides Of1 8t ttanfdpn@@@lwga Aner ess asfillthgerfidlf 8., an underfill
substrate 1110 is positioned above the second substrate 1130 so t hat

the receddgEalpr amoheptinble sielentimmatednk ok angther pmbedimentpthissceidtarsiiges 1184
this ar raﬂq)%rra*@ ¥ bha ﬁt{aggﬁﬁcﬁlgﬁa&dné&hérﬂv@?ln&@r{sth%gsi?@ L f%ﬁln' fGkhdi&or in

25 the recesses 134 duri hg processing enetrating
st ruct urest, tddlimgahenrstrothet alhwﬁlhg dirstsind s¢cond Gulasath rhbl(le 1¢ 63 tonpraconvectively
structures other nts

el T e, PP RS SRR Snuteddte SORE G 1L 005 LRR s migy e flow

can provifdg, asibnidcoRater,dtfludfine €a beyond that provi ded by the
sinpl e col ummar structures shown in Figures 11A-11C and can

accor di n@bss)i NCr @as §aktlRQlad bMBHAMBt SORYFSBLS R pRIOEYSEY, tHeelilseQibkirdty 100 is
t he resu tlng 30physi cal and el ectrical bonds.

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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[ 0059] O her features of the foregoing enbodi nents may al so be
conbined with the arrangenent shown in Figures 11A-11C. For exanple,
in sone enmyodomates structures WO 2010/ 030474PCT/ US20001 06431034313
generally simlar to those described above with reference to Figures

2-10C, in WhICh a. rrechanlcal interlock is formed upaon the _entry of

the penedPSHHKgSI{IRG & dhess dneeped raboxs iy pentry ¢ dipused; 10 in pghich a
used at gelafichl Sntb ARt LOTemhet \ﬁ?@r{' thb€erftly’ 3F @O dpGEEARG §Hmﬁ1’é§t1% the
1110, 1130 shown in Figures 11A-11C. This arrangenent can be used t

mai nt ai nccmre‘%}fpndmgsrxwm @apbelllsexi at stlhgivieniogatians ebelputanethe firse afndr‘@tond

o S0 oM a0 PR Y SR IgbaS

pr ocessi mmsﬁeetpg?apdesc at e dntedfae detdct theelier 0 Gecona sithsgutee s 1 10] B 301 Gad can
In any of these enbodinents, it i.s expected that hhe force required
to engag®Ppere haBves SRstRiat &% a1fee, POSIOD TGN YE Dagath U WISy they, andergo the

purpose 1%063519%' JdcRES bt @RA/ r@Fcr&Jc@%rF%ﬁmlcs COHIERE | Of Qﬁ;‘} Vlﬁeﬁ\csc
the two ~ 10 substrates, can be significantly reduced when conpared

with exu@andgnm rrtoalsxlfegtedm&@dbmﬁge@m txmn@@lgﬁttbe bvasaibstrates B0, 1130 with
[ 0060] An th em conduct or . package ining th

cem conditel SIeE i d a BECR PRLIBREARRE ] PRl el STl Wil e e
struat u r@%stda&éi;c r:.nbb@l sighiodentiyl teludett hvile@noaph@d FMigueasinkAndtBédsclan chifecting
incorporated into a riad of larger and/or nore conplex systens, a

15 repr eSERCREPGs SYBSHAIC® of which is a system 1200 shown
schematically in Fi gure 12. The system 1200 can include, a Processor

1202, a R8ry 120 <efe th. sendrpmgnctoRAMkagssa U iBsdrom dpiaingr thet seyconductor
menory ds%‘ﬁbtfa‘?gs’ 1n tQHﬁ t }ﬂeﬁl%as ln%p @tnﬁ&urgs de&rtﬁ@dqggcfvea\gﬂjl{ Xference to
transmtter and OI‘ er Su syst ens or corrponents .

Sem condiigtres 1.fad Eacgmsbd]mwrpgramiynmrmmnadi of dm@ar reaitlioo mopé cortnplex systems, a

features described a i 1h, r.ef erence ures 1-1

el Decrep Rt Pampifre hoh i€a SRBI 0 ofr Eharmivicaliy W Kighfs 1 e
syst em 1£0@mCi00 R fnelude ambc@ésoﬁmmdaemmbge 2;04@& SSRBW,IDRAM, Flash memory
pr OceSSIr@% st or age, sensing,. | nmagln or ot her functions.

Accor di rigiipr athis MerperIsdaY |1\?E“t§39‘1§1“grﬁe‘112?ﬁ0139’1"c(%e§ SRRSOR Ga/or transmitter),
| im tat 'a‘?ﬂa/orco?ﬁg?% eﬁﬁ%% n_g&ﬁb%fs Prka @nﬁ&ﬁﬁﬁ&fus acka%esqﬁ@mgla% ne or a
Bnce anghel d

deskt op conputers, uters, intenet appli ,
devi ces c(ombgnanopaf ﬂwtfcmuremdqsumlmdabovmﬁlamf@emnpﬂtwres1 tld} ey be inghuded in

et §° TIDrE s Brietopouss 2t BT CRR SOl val o g af PR O € Vice

CoNsunervaeleC tofoRbBPutinget meé@sﬁgmﬁr@gé @d‘m@n@ NhmaGRARP Wn@los . offehefunctions.
representatiyve systens 1200 may be housed in single unit or
di st ri bubegrdivay. thﬁr%ﬁreﬁf—'@atmwt@aﬁﬁ%%tn@hld%\vtﬂ&ouc Emgtation, Gerypigprs gnd/or other

conmuni cgj] %c&?&r\é“)ﬂ‘ok}:xaﬁ-{ﬁl dé:?lg?ﬁ’ n’%t e 1 Pr% h@fg, M%Qetc hdnceb and-

accordi ngly include | oca e me orage
any of ahel deri®® (umr p@mytopf:ommnpmmarabéadmmmrmdﬂdar Jro0dile Iﬁhm,t menal

for e%Oi nﬁgltdltasg%tants mumg ra%'%{'satcgr(rjler%sh aettc )Sprﬁl(fl Iprgcegsrcr)?%%tgr%g] t Iﬁ'opeg'élor—base%n 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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descri bed herein for purposes of illustration, but that the foregoing
systens and net hods may WO 2010/ 030474PCT/ US2009/ 054313 have ot her
enbodi nent woes104sh474 For exanple, while certain of the ErmoskomsIHE3
descri bed above were described in the context of sem conductor

packages, having t or three ked di.es,, in other i nents, ,the
Pk agech AP e A RE TR Rlbars SSHmREnk RUoFHES of R-gmiserpHEs céstiibed
pr ocesseghol®iwdr® didchBed Retht Qos@ei GQsc%ﬁéU’iﬂﬁ&tbﬁﬁac&Egdd%Ufng&wﬁr& three stacked
connecting the mating 5 structures of different sem conductor

subst r at @8s, dafthsecmbedimerfs.che peskagaecan iinclyds\asher (néméer% ofptaglred dics. Many of
si ngul at i £S) f e i foNGet

di es) an%‘/g gprbéz;btg“"egtﬁ)§ fo%{rnggeﬂsqglfﬁ%gélﬁggéggﬁ&zxg%obrt@ ig;e{k'y‘m%1 e Eon iﬁla I%tmg
pr ocessesrurhyeshel difednt enbanduetor subdiratedemal bedeaeri¢dbowtndtthe die ladki] (e gy after
die, or to bhand n|nd Vld t waf er ortion.of a wafer, |
o °t o bt S gt din) et evs &£ hefer Splai Refenanap sfodiSrocssing
of a waf@fges.Thec¥RIRly, W VaHdRTg ROEsERMdyebDused 10 b¥df & indRiddal @RNo another
i ncl ude an unsi ngul at ed wafer or wafer portion, or a repopul ated

carrier waidual dineorte popdiemindividust diedp avmf@ror@aﬁmrﬂflameranr todiinad jaeater
mat eri al

f rameI ha(\)/rl(lﬁ) o 0‘JE(aaar ?h@ﬂe&rﬁ@ﬁ%@% %r 0‘% a é)?lmg{fﬁrat g?‘v %ﬁpﬁ{]@flﬁ%ﬁ ‘%{ % &
waf ero vwaﬂar ﬁ]rmg vdraineldde htemmmtglle(tm wafer ol 'eafecpm‘twre Gbr Iaye;idpelamdhamev evafer.

[ 0062] I n_sone ¢ conductj ve mat r al s d | n

Gi'r ot 1y 7B PR B PRIE ABY BT p1<Gie| 5, BEHEE JratouHl oo FERpTC adhesive)
on-barri éi‘l'i'roﬁhd%w Y0 aPERACRNS righd drantd RIS a%éh%te@%'ﬁ&;% c&nﬁé?élﬂél% It of an
seed | ayer first be applied to the dielectric barrier |ayer. The

recessesUfﬁmSu tedevafer Wil sogvlated gleasnis 4nghdigbcagiid By thpadhgsives and/ or
shapes than those shown in the Figures, and the sizes/shapes of the
recesses(086d cor ﬂlescpm\msn,gcqnéwém mathglssma)ubct gppdisd ambulbglireetly o adiclagtric
be Spsl talp.alrﬁér é ! Q/leat Qn@c OJh l9atnt?§rr lazﬂ‘:I £ r{}ggéggs ré’;};[dl 9o ﬁ}nF %%b%?l%?ents, a
can contact ma er| ar’in the correés ess as ey enter

t he recesmdadtiveased hyanman ﬂ-?l;tglw eplitd Ao 1H£d1etehelcﬂﬁm€érrlayerng]“ he recesses and
structures can penetrat ewgl ent er%fot h? ﬁcesses th little or. no
contact REPERAPESIRERESS <A PYf‘sdlf%‘FF&t szt Grshapes thagnigase hgwg e dhe Higures,

formed bgiywee E‘izés*?&%a&%Qﬁ&ﬁ@ﬁebé&gessinﬁ%h’égp%ﬁdlﬁg 9eﬂe‘&‘§t1ﬁ§&ﬁx%§ﬁ§s c%Btt%rtallored to
penetratl on Certain features describ in the context of

parti cul bersw Dmmbé,e with eaeh other obi mtr@imgeimunﬁurﬁtcaa cprtagitipaterial in the

enbo e L r

be C%Unblér?]%%s% ? klgqx(’aeg%)%sl fgﬁggﬁgfghs? frgcﬁ Ut & S%V(‘S,%HI gﬁ?\egﬁ“&%ﬁ ?gf&ﬁﬂlg
The suppctupsdas lpeﬂ@ni;t@(la@wrentem) tht getessed witnitiheoredd mmtea;t edthithe 06w walls,
enbodi rrents F rther, | e feg gres gnd reﬁ}l‘%l ts associated w L]
certai n BHERR an‘é“‘?f‘éé% & drmep BateRn ¢ é’e’&%ﬁf‘é&t‘m&ﬁ“@%@é ¢ recesses
enbodi MeyHc$ perhifsn. embodi nents may al so exhibit such features and
results, and not all 30enbodi nents need necessarily exhibit such

feat uresioggg reswelisin f‘éﬁﬁx?ésdﬂ&g{)b(eéi ﬁrﬂ%@'céﬁbﬂsb‘f‘w%aﬁ%ﬁ‘lgi glﬁlrlﬁklﬁlﬁeﬁfshﬁlﬁy be

enbodlnents not shown or descri ove
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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1. A sem conductor system conprising: a first sem conductor
substrate having a first substrate material; a first conductive
material carried by the first sem conductor substrate and formng a
penetrating structure; a second sem conductor substrate having a
second substrate material wth a first surface, a second surface
facing away fromthe first surface, and a through-substrate via
extending fromthe first surface to the second surface along a via
axis; and a second conductive materi glLAI®S i ed by the second

sem conductor substrate and having a pre-formed recess positioned
along the via axis, the penetrating structure being received in the
recess Wedldidt ng i n nechanical and electrical contact wwth the second
conductive material, the second conductive nmaterial being a first
distance fromthe via axis at a first position in the recess and a
second di st ahce |Asgeicondhentort systei, r:@npldﬁisg ance fromthe via axis at a
second p05|tlpnh|n the rece ereln econd Ltlon i s deeper

)
in the recedSIShFMIPHIuFiof SEbsyats favpg 2 il Straéel ystem of claim

1 wherein theArRCBAGudIRE raatéﬂlmséan%d@mﬁ&ﬁrﬁlseﬁgcohhﬁct& ?ub%ﬁht% M%oBming a
second di mension transverse to the via axis, the first dinmension

bei ng great er thgmenerateguaiuctuoe;t he fir st dlnen5|on 3. The

systemof claim 1l whereipn the recess extends rdly int
away from f .%%BPO%?GF%J&@I&I“OI substrgte W@%@%@PA BL\F%aSHP*&Wti“ iﬂbii ﬁr%t gurface,

second conductive, gRLE) 'sﬁllfac%)%aﬂg tﬂ’éﬁﬁ ey ﬁxfs¥ SiPedcReadd £ Brod gﬁate via
al ong the via axis, and whereln ecess is forned in the secon
material, with atexlt@ﬂa'tg faorp oltd ﬁmnsmface tnetheemﬂ stnefagecalquesd vla@mﬁﬂand

outmardly fron1the first surface. . The systemof claiml
wher ei n t he ¥3eF3Rd cappedifduREBR! %ﬁfﬂeérbYaqheﬁ%fpﬁg sgipicppdigonsypytrasy angd having a

first senlconduct
bt Teast part of He iRk MBRAANORETHE SRGHES e FBARGLAL SBUIR being
system further caepivaiemn dir @dése indebehgs irt nmlleaihmndnateu@&hﬁﬁ cosbyeeith the

the first and second sem conductor dies. . The system of

claim 1 wherein t%eond osducipie leﬁﬁaﬂetlﬁrsewavctws%%l beingst fipshdistance
of a first semc

b o escr oot dh8 IR ARSI SIRIYSL R TR Hoer e
second sem conduahe firsraisedrica lfron &ieudeama at Biseaodt posikish HatiR rétds,healvdreig the
the recess at one end of the via and a projection at the other ‘end of
the via, and wherséFandinsitiopds deapeintherecewsiipan bedird popitipa

sem conductor die having a recess in which the projection of the

second sem conductor die is received. 7. The systemof claiml
wherei n the Zir stTiresysemnsiugdiar 1 Mhkesin 8le rbessBasd ﬁfs@@ﬁﬁelﬁﬂihtaléﬂ tie via axis
first sem conductor die and the second sem conductor materi al #%rns

at | eagnd @éﬁ@m@fdlmes%@@ﬁansyém tohgub axis.dhefirs dmmsplsondieng greater than or equal
pre-for gﬁgd5%ﬁ%§1 ﬁ defined at least in part by opposing |obes that
face tomar gach er from opposite side of the recess, further
wherein the penetrating structure has a general ly arrowhead-shaped
cross-section received in the recess. 8. A sem conduct or

system conpri si nigte systeinraftclamnt wherdindherecsssipstands swendlgintalthdreiaiangy from

througqhmsgﬁargte via extending along a via axis;

4. The system of claim 1 wherein the second conductive material extends outwardly
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
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a conductive material disposed in the via; a penetrating structure
aligned with and extending away fromthe via, the penetrating

structure having at | east one sharp tip extending away fromthe via;

and a secontsesumirtlonidodiepand whereinathe sysitra fudlier lkamprispsancadhekinet posdioned and
receptacle, the penetrating structure being.received in the
conduct?@%hqg%ﬁﬁgﬁé & first ?%@ngﬁﬂHGE?‘Wg"%§§eptacle bei ng def or med

by the penetrating structure. 9. The sem conductor system of
claim8 wherein the penetrating structure includes a single surface
feature havitg a TDengsehl of dairahghb@in e dsst-seaddonduadr mbapsl fotienat least part
intersecte%ﬁby a _plane generally aligned wwth the via axis.

10. ThePls Arowateangreley sic b thecsospid gemprapdudior matesiah firas<airleast art of a

B T T e

t he vi aubstrate via lklinglthe r&ess f@ndkal of tisy/sih and afprejeation 4 thdhethert ¢hdt dfahe via,
at | east one generally sharp surface feature includes nultiple )

pr oj ectangrihessn digsyisgrniayier eomprisse a (higd semigendustes diedipeingsa rgegss i which the
di r ect | OB BEALEAhL Yol A0RToNALI RS YbRi 3l S, and a second direction
gener al f ransverse to the via axis. 12. The sem conduct or
systemof claim 1l wherein the nmultiple projections include dendritic
growm h structures projectin?.fron1an_underlying material of the

penet r ati ng &t r ucthgrsystem of claimiBwhangin the firg santironductermaterialdprray afileast part

11 wherein the milti,ple projections include are spaced art

ecessdd Y aa it BORRT YT End Srriepn iR AR PR gt st part of a
struct We€ond semicondidtor IHE SRIMvheRM eleOpreStiviheMrétess isalidhidd W eeRk Nn thAR by
penetrating structure is positioned toward a first end of the via,

t he cormdbpesihgobes thnytfanstewnrd cach pther froonadppeisity side of Eistraciss, furthet wherein the
wherein the ,system further conprise econd conducti ve receptacle
posi &1 daB BRI B s GramEALD BFoY R abe e SR LR BEE G Ercese

receptacle being positioned to receive a correspondi ng penetrating
structure of another sem conductor substrate. 15. A
seni conduct df. syshA eemicondymtirsiysigm, eorhpmsng:seni conduct or substrate

[] ﬁ\e” P igr gt f Isrea?[{'nég%q%%%{) & %@E%ét%&%&lelinat%ﬁgleﬁ]a%gl{gaé tlh?l%.lg Esru s?t%al%g \E}iace%ernldgldg atf ng a
via axis;
a conductive material disposed in the via;
a penetrating structure aligned with and extending away from the via, the penetrating
structure having at least one sharp tip extending away from the via; and
a second semiconductor substrate material having a conductive receptacle, the

penetrating structure being received in the conductive receptacle, and the

conductive receptacle being deformed by the penetrating structure.

9. The semiconductor system of claim 8 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.



a second sem conductor substrate having a second substrate material,

t he second sem conductor substrate including a second conductive

mat eri al having a preforned recess in which the penetrating structure
is received, the penetrating structure being nmechanically engaged

with the recess and secured to the second sem conductor substrate,
wherein the ﬁ?cowﬂh&%ﬁil‘a’&{du‘é@)r QR &h 'O@EIahﬁS) RhéemURe Ei‘ﬂ@f@ sﬁfﬁa@é‘ﬂﬁﬁ?e Indludes
the recess. . The system of claim15 wherern: the first

sen cordbeddravangtbe tgam@alﬂ)ntiaugldar arofd-sestiondh sbapgh aisdib shathpesitiened between the
ext endin gd %lrel through the first substrate material along a via
axis; tif QP" ing structure includes a first conductive materi al

proj ecting outmardly fromthe first through-substrate via along the

via axis; the second sem conductor substrate and a second

t hr ough-s ubsIlr at €l sergixbehdion gystati ofetlyint 13r whebint the as éeasndns gastalt sharp
mat eri al the via axis; the recess is aligned along.the via ax]s
and car{f §e fegalr%%mﬁias E’é‘HHﬂ%P‘i%tl%‘ft rtending Py Fomdhe Wa iefdeasy ene of a first

mat er i afi Qfioh ﬁgn el WP fe Ul KIS, dridt TREBAR Idﬁ‘gtl.ﬁtt()ﬁ eée?%f&g? AARERER Do the

with the seco ive naterla of the recess
conduchnyaxmﬁierlal of the penetrating structure is in electrical
contact with the second conductive material of the recess; and the
second conductive material of the recess is positioned to at |east

restrict axi f’lj m)f”ﬁ Oé&rﬂgﬁr&ﬂ V\}g)p% s%r{l 'cpagmsltlr %ﬁ%r% th%%ulﬁ letpr}gjie%tgcfngégcslude

17. The system of claim penetra Structure

a fir stdepande glowe stipdtares pfolj edting Iﬁ%lrﬂaﬁ ﬁﬁieﬁyi’ngtmﬁé’tfﬂal%@Mn@t@d’tﬁllg%hh&’tﬁre.
materials forman electrical connection between the first and second

sem conduct or substrates. 18. The systen1of claim17 wherein

he f d d
each ot ner - 1 PRI FRREURE G BB BT PR [ SR kP B R P g ornae

third cpashickd YW REésdés éit@aqm@c&n%amﬁﬂg ifagerfal 58the ?&%tﬁaﬁﬁ@ Bigucture.
conductive materials. 20. The system of claim 16 wherein the

recess includes an inwardly prolectlng conductive material that is at

| east partially ntil ever n t recess. . 21. The system .

of ol al m 20 \her ol SHECRIAHAN $55P; SebPRG Boerser e Reicupioy JRGPE i

agai nstyattioh8dfiwaRd 9%5'['693 onhet\}i'@ tﬁ)@&ﬁfdﬁ@t‘i\}erlgce%tte{d}@its Wfﬁstad&ﬂdlhcﬁlve rece tacle

pOSItIOI’]Ed to resist wthdrawal O t he penetrating structure fromt

r ecess.and wherein the system further comprises a second conductive receptacle positioned toward a
second end of the via, the second conductive receptacle being positioned to receive a

corresponding penetrating structure of another semiconductor substrate.

15. A semiconductor system, comprising:

a first semiconductor substrate having a first substrate material;

a penetrating structure carried by the first semiconductor substrate;

a second semiconductor substrate having a second substrate material, the second
semiconductor substrate including a second conductive material 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, wherein the second conductive material has a non-

uniform thickness in the recess.
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16. The system of claim 15 wherein:

the first semiconductor substrate includes 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
the first through-substrate via along the via axis;

the second semiconductor substrate and a second through-substrate via extending entirely
through the second substrate material along the via axis;

the recess is aligned along the via axis and carries the second conductive material;

the first conductive material of the penetrating structure is mechanically interconnected
with the second conductive material of the recess;

the first conductive material of the penetrating structure is in electrical contact with the
second conductive material of the recess; and

the second conductive material of the recess is positioned to at least restrict axial motion

of the penetrating structure out of the recess.

17. The system of claim 16 wherein the penetrating structure includes a first
conductive material, wherein the first and second conductive materials form an electrical

connection between the first and second semiconductor substrates.

18.  The system of claim 17 wherein the first and second conductive materials are in

direct contact with each other.

19.  The system of claim 17, further comprising a third conductive material disposed

between the first and second conductive materials.

20. The system of claim 16 wherein the recess includes an inwardly projecting

conductive material that 1s at least partially cantilevered within the recess.
21.  The system of claim 20 wherein the inwardly projecting conductive material

bears against at least a portion of the penetrating structure and is positioned to resist withdrawal

of the penetrating structure from the recess.
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