SEM CONDUCTOR SUBSTRATES W TH UNI TARY VI AS AND VI A TERM NALS, AND

ASSOCI ATED SYSTEMS AND METHODS TECHNI CAL FI ELD [ 0001] The present

di scl osurwoi2e10di4818¢t ed generally to sem conduct or subst PETAS20000060484i1 t ary
vias and via termnals, and associ ated systens and net hods. BACKGROUND

[ 0002] Packaged sem conductor dies, including nmenory chips, m croprocessor
chi ps, and imager chips, typically include a sem conductor die nounted to a
substrat e andSEMIEENDUITORSEBSTR ANES RETHUENCIVRY ivigS AR® dig i ncl udes
functional features, such as nenory cells rocessor circuits, inager

devi ces, and i nt@%ﬂﬁ%b@i%ﬁ%fﬂﬁghf?@]ﬂ) TEMSANB MEBHORY v i ncl udes
bond pads electrically coupled to the functional features. The bond pads
are electrically connected to pins or other types of termi nals that extend
outside the protective covering for connecting the die to busses, circuits,
and/ or pidgKNICGAEFELpCctroni c assenblies. [0003] Market pressures
continually drive manufacturers to reduce the size of sem conductor die
packages and to increase the functional capacity of such packages. One
appr oadf09dr acHihevinasent hbsedosuess i tdéreftsd t genetadly ktorsdnpicgidaice nfubstnatersc voth

dies in si ngl e package. . The dies in such a package are typically

"t o oottt atb SyPar R Ry SeBTner s iR BRITREES of one die Tn the
package with bond pads of other die(s) in the package. [0004] A variety of
appr oaghesKlR@UNeen used to electrically interconnect the dies within a
mul ti-di e package. One existing approach is to use solder balls connected
directly between the bond pads of neighboring dies. Another approach is to
fuse " dﬁﬂ%" on Pepleagied semisaaducstr dies, divhishing gicaioss chipp RigEIPIogeR ! fc8insgdiidng
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structure tyﬁ gquire a mnmu steﬁs mthe vi
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structures that formthe connecti ons between stacked dies. Each of the
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As a result, there remains a need for jnproved techniques for

i nt er cRABRAINEGhTIE §0 DiFsee: AireniSet Y iRitiaieToskeskage assemblies.

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

15  semiconductor die packages and to increase the functional capacity of such packages. One
approach for achieving these results is to stack multiple semiconductor dies in a single package.
The dies in such a package are typically interconnected by electrically coupling the bond pads of
one die in the package with bond pads of other die(s) in the package.

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

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



BRI EF DESCRI PTI ON OF THE DRAW NGS [0005] Figure 1 is a partially schemati c,
side cross-sectional view of a package configured in accordance with an
enbodi mrerwoabiwdag1sdi scl osure. [0006] Figures 2A-21 are partisaddopeEdhenati c,
side cross-sectional views of sem conductor substrates undergoi ng
processing in accordance with an enbodi nent of the disclosure. [0007]

Fi gur e tBénia$ bad@ardlogtd Yo ShSdRA L forSire&ssin®s A 8 GédudN@lery k@Meifs atnaed for
sem conduct or substrates stacked in accordance with a particul ar enbodi nent
of t he igipsevcd dephaiqupp o g)tecparactng Kick svidipapamigpndpcte faekeec, side
cross-sectional view of two sem conductor substrates stacked in accordance

wth art?,gﬁﬁr Eg@ ﬁlﬂ@N ngﬁ@%ﬂmggure. [ 0009] Figures 3A-3F are
11)1 magl C, SI8

partiallTy sche e cross-sectional illustrations of representative
met hods for form ng substrate term nals having shapes in accordance with
f urt her[0@d8jodi ndigise dfis & pertialy achidneinic, §idOd0ks-fdcguna view sf apipekiapt abddfigured
schemat.ic, side cross-sectional illustration of a process for disposing a
pr otectiNPECardanss vore 3 chadigeid o€ thsrdisclesdts ate in accordance with a
particul ar enbodi mrent of the disclosure. [0011] Figure 5 is a schematic
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reference to sem conduct or s. The term "sem conductor die" is used
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and/ or sdbg@fatdavicRed bt daeordardd wioth ehsib@enfedinkre sf theeN@ialredf the processes
descri bed bel ow nay be used to connect an individual die to another

i ndi vi dggde|di e, FburtO 30APCGE: FArdaNdi itidlicdi §dd QréssVRERInaPrillRQdioas of a
wafer, or to bond a wafer or portion -?-of a wafer to another wafer or

por t i orrepkscantatt encthodsdombfrmmgorubstedte terporals loavingeshgpss inatearddnoe mithclarther

i ncl ude an ,unsi.n ated wafer or wafer portion, or a repopul ated carrier
waf er eflﬂ)@dlments gy tlhe mnvention. P Pop

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

embodiment of the disclosure.

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

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

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

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



repopul ated carrier wafer can include an adhesive material (e.g., a

fl exi bl e adhesi ve) surrounded by a generally rigid frame having a perineter
shape comperalE@stsd t hat of an unsi ngul ated waf er, w t hPsiragedcaneds€l ement s
(e.g., dies) carried by the adhesive. The term "sem conductor substrate” is
used throughout to include the foregoing articles of manufacture in any of
t he f orgFgokafer oMbt akdr @R portl0dGFI]wiBNYTIEPR et bEWERE Bbitidn @& g C SFafd fBrm)
enbodi nents are set forth in Figures 1-5 and the following text to provide
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wi t hout several of the details and/or features of the enbodi nents shown in
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accor dapegoitgtdonfiguretidadi ment of the disclosure. The package 106 can

i ncl ude a support nenber 102 that carries nultiple sem conductor substrates

(e.g., [9emjcondugiRr spdtige dbhtl JrhattaidrendoatREReBREGE estielerkiisal s ¥ndngk
mechani cal 'y with éach other. Accordingly, each of the sem conductor dies

101 carfolloeingdextite previde rathordaued widerstazndeng oh ribescecmbalimonts e s Poveddlngtheli e
term nal 10 of the neighhoring die 101. The port me 102, can
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menber termnals 107 are connected via lines internal to the support menber
102 t o addidicaglecrnladyingats snapOle prRkgBcasinwitheut pavkralgel thoalctasls apdior ifeaterepbf thve

package 10 can ,be surr.ound by,,an encapsul ant, 103 to protect the

e comRRupSly s TS e st SRRt loRd S4B he di es 101,
while the acka%p termnal s 1?4 remai n exposed for, caonnecti nhg the package
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artially schematic, side cross-sectional jllustration of a .
P rn1>1llt1ple semiconductor substrates (c.g., semiconductor dies 1015‘| t%at are interconnected

electrically and mechanically with each other. Accordingly, each of the semiconductor dies 101
can include die terminals 110 that are connected to corresponding die terminals 110 of the
20 neighboring die 101. The support member 102 can include support member terminals 107 that
are connected to the die terminals 110 of one or more of the semiconductor dies 101. The
support member terminals 107 are connected via lines internal to the support member 102 to
package terminals 104. The entire package 106 (or portions of the package 106) can be
surrounded by an encapsulant 103 to protect the semiconductor dies 101 and the associated
25  connections between the dies 101, while the package terminals 104 remain exposed for
connecting the package 106 to external devices, such as printed circuit boards and/or other
circuit elements. The following discussion describes additional features of the terminals 110

used to connect neighboring dies 101 to each other, and associated methods for forming such

terminals.

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

substrate material 121 having a first major surface 123 and an oppositely-facing second major
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sem conductor substrate 120 (e.g., a wafer, wafer portion, die, or other
substrate) that includes a substrate material 121 having a first najor
surface MO 28rd481870pposi tel y-faci ng second maj or sur f ac@CIAB2000896ERHOWN | n
Figure 2A, multiple vias 140 have been forned so as to extend into the
first surface 123 al ong corresponding via axes V. A bond pad can be added

to the saemte oMuat Qhownl RS Figate2 A 2RuRiplEviat N80 VbwsbdeAToahi&l §ismtx{@s into
described |later with reference to Figure 2J), or the vias 140 can penetrate

t hr oughhpriestt grfse Bonalopadorsspandingf viestxesuY f ade bax pad rrgnvbadagdedy foaghe1 40
can be Ah SYIIBL L& MLEN D SHRPAL iRk [RPuE IS RPA0TLOT G R X i Yerb Sl g
each via can nave a Circular Cross-sectionair S apef, or the vras 0

can havag@thgy, o tiaseias 40 tangncahRARDubh ple-RrMSEbynd pidsaid ik fikesutRcards V
(e.g., a low aspect ratio elliptical s apeg. The vias 140 can be forned
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st epwi sBapeshit @behi AgrdandeRssia dxis $UER.,calResaspbiigatid aBipliddl shape)behe vias
post - processed (e.g., using SF or another isotropic etchant) to snooth the
scal | opst0 qapheviarmed; ypingateehnd gueasuehpodiomiopic atelangtcchnigucsprisebsda ibepn o
formt j 4 . i rgse t. Rr

gener al T5HAESas fPmERLBFy 81 ARERALL VPR LRE QURDII2°3F S huBRARHEES e
14ocarsideeadr dirfagésy 1 dlaysa Be gaitioped, leys. shpatifg as Wtdprdid Badchsdieligy pfadeisabine
processes for formng the via 140 include a wet etch process, a stead
state dugh ek the yEesid0 qagdsrpogi-processed (48 cpHvR SEe oF %nt%%rﬁaqtg@lfnﬁf@mmf/wg,

m crob t a 4 . 1.As
conductThotL i R s AR IS part EMCL I Eh Eouhe S RnbEEE ulh BT e
shown iviasFi4cen B&da wénkchilly ddnensaldsSproadse that@odwdes k2dsrakiyndmbethimunsdadopsied
to electrically connect the sem conductor substrate 120 to ot her

seni corféfsotad sustipet 1 at-edhanddodyalistiphiset 1He Ao recordtngly fisve wesgratvgepeath,
desgri b “E. iéaﬁ‘%h%%‘?t ghﬂta%lé’gr&cﬁgseé %%@29{? tihess ihgq;ﬁ% ’&%gt- %‘[%QSJ%cgcless?‘sa

shown i gure protective | ayer as been spose
sem corsthady odtats uhrst etah eprd@Bs,s usas dtitingpreicrd-flectsidikehalge mucHigiags ndidbbedd
end surfaces 142 of the vias 140. The protective layer 122 can include a C
F g pas¥diae: B¢ athgfer | CvD- deposited oxides or nitrides, or other suitable
materials. In Figure 2C, the portions of the protective |ayer 122 covering
t he end08lAlf acedheqpanfldpherci nedviodhawsey rersluete htveiutssethat arfovernected s to
F€- eXPORficonductor features (not shown in Figure 2A) within the substrate material 121, and
20  terminals used to electrically connect the semiconductor substrate 120 to other semiconductor
substrates and/or support members. The following Figures describe further details of the

formation of these terminals.

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

other etch process that selectively removes horizontally-oriented materials.
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the end surfaces 142. The portions of the protective |layer 122 over the end
surfaces 142 can be selectively renoved, e.g., wthout renoving the

porti ons WO 201004180t ecti ve | ayer 122 adj acent to the si @#€Ralskomosdsaces 141.
For exanpl e, an ani sotropic renoval process can be used to selectively
remove this material. A representative renoval process includes a spacer

etch, qoomiher &4 FhoRE QLR SSiiRatopeRngE Uil Y @hye beDRRHNAr teosidd!df indikidant ed
naterlals.£0018] In Flﬂure 2D, term nal openings 111 have been fornmed at
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formed w thout affecti th hapes,.of the vias 140 above, du he
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t han those of the via 140. For exanple, while the vias 140 may have a
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representative techniques for formng such structures are included in an
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Boer , | | . . i.cal . \ol . .
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between the vias 140 are renoved prior to subsequent steps for applying
conductl, WMargik 2899 aincpipopiechherpia Ky igferanyea fiftar e teanmahapenyigsnilpgra formegs
descri . 0 ' [ : S ' CiQr fe
120t t05 PORAY pE AR ASlockV OHBr €22 clichBhb ThEult e R AENAMTLAY wBRbEAH 2
shown ipriorit@wiiBegikent tcpd Blrepplying tadactivk2natbeisl inewith thespo$ 0 and tHeherrhinalst
surface 123 of the substrate material 121, as well as in the vias 140 and
the terdPChaR 1dpertidss@ibed below . parrier 1 ayer 126 has been di sposed on the
dielectric layer 125, and an optional seed | ayer 127 has been di sposed on
t helShar[00E} | aydiigu@@E Shistratios éhaliserhisonductornsubstratal 120 aftdr adiditioB@Smaterials
paryl ene, nitri,des, .0oxides d/or other .suitable rials. Su'tabtﬁ%
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20  dielectric materials include TEOS, parylene, nitrides, oxides and/or other suitable materials.
Suitable barrier layer materials include tungsten, titanium nitride, tantalum, compounds of the
foregoing materials and/or other suitable materials. In some embodiments, the seed layer 127 is
used to facilitate the process of filling the vias 140 and the terminal openings 111. In other

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

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

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



[0020] Figure 2F illustrates the sem conductor substrate 120 after a
conductive material 112 has been disposed in the vias 140 and the term nal
openi ngs WODRo10fs18conducti ve material 112 can be di spos@dTius2wenbo4she vi as
140 and the term nal openings 111 using a bottom up deposition process or
other suitable process to forma unitary conductive structure 119 that
fills hathe tdainal 8genldd1 BNAThR&®peRkith Rah aRP R fREBribdd withbutsthe nbg & AR
process can be ormed without realigning the sem conductor substrate 120
bet meervenhl@olgptetﬂegtendmf &F viokd nilaHertberaduces pecawingrtig¢. 112 in the via 140
and the operation of formng the conductive material 112in the term nal
openi nd0021]. ThiSsitelpertethnauce dor akrodudieg ﬁferémrduetdemmtmat I thentoeled viaol 40or m

t hql 1 h d 140, h . f t d
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pl ati ng,. and el ectrol ess platin Sui uctive materials inclu
copper ,“8PUm? ﬁ‘ﬁ‘ﬁf“’iﬂu Hﬁ’@tﬁgﬁ 2Q/di démd?ltﬂysaﬂ tﬁ?gd OFEOVECHSHUGYPn ;In particular
consti tdeddimerdts) BardonadiRt QRRAM TENLS 1selre&@d QQW%M&W%@M&' which hs

selected to be electrolytic copper, which has enhanced purity when conpar ed
t o el ecinhaloed giuyityl Mmsminpmdetq alest;rolamw vdks@nsedomparleld tnd sz\diedmompémd to

I duct t
caale, Sz o 5B ERISplgo s r A e FARA B I 4t SORBE AN ELhe Ei.
conductdovgcspegrial 112 is solder free, e. g. , 1t includes no solder or no

nore than a trace amount of solder. It is expected that such a materi al
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di sposed in the via 140 and the term nal opening 111 For exanple, the
conductMYerHapEeqlion s3> REYFHCnEIMET Y ﬁﬁrécwﬁsn%thmﬁ?@nf%tcopéuqtmtér %reddon nto

t he svi " e-bonding process. In this case, the process
descri %ﬁé@%# Cgrlérl{llecgsmw ng material fromthe second surface 124 of the

at or | P02 1 < PraE ARG PhORAGha0E s G RN T nERRIHTb: G
mat eri gh ph? bbRse BERH diPbsRAGMaRE viat4p dlethéitarmdidll c;yedmtghm. For example, the
conductive material 112 can include a pre-formed wire that is inserted into the via 140 using a
wire-bonding process. In this case, the process described below for removing material from the

20 second surface 124 of the substrate 120 can be performed before rather than after the conductive

material 112 is disposed in the via 140.

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

Figure 2F.

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

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



term nal opening 111 using a build-up technique (e.g., plating), the
process can next include renoving nmaterial fromthe second surface 124 to
expose t heocordystsive material 112 in the term nal openiPAl/UB2MWI/0FEBS
exanple, in a particular enbodi ment, the substrate material 121 can be
removed (e.g., in a backgrinding or other renoval process) up to the dashed
line L ghawnhimatbgeipendihg Wi@B2F] ofiteiivie 126 iAdeoislingdy,abe frd @bt 100a &he
substrate 120 shown in Figure 2F, including a single via 140 after the
subst r dneudmpeditianal Kxpossdssup@en arre@nf@v @anrchtm thadgerirusiyrdsacd pasivatin

shown R EISHEE) i LSRR e SURRLIAE PR R 0N SURRRTAL R,

t er m nahe M@@l@mdkgﬂﬁdlag%amoﬂ/\z that i sgreater than a corresponding w dth
W of the via 140. Accordingly, the first term nal 110a can i nclude

addist i qpde]exPoged §ilch@oRs ¥red@e AL FANAREIthOOAAO tadiiRg eMoaSELHBE U§e‘?e%tedA
paSS|vat|on | ayer 128 can then be di sposed on the second surface 124
pr ot ectdepbialiseapod durdcarstid 41 atht esubstiae f 120e goifoign Hegklyr candetgyeo wmcb n.

[ 0026] Th sions of the yvia 140. he, f t ernipal

el oot L ReTRy Tom et 40t apriatiols whimhisk ShheiTaratads vb A8 tghl v
CondUCts!e}éQtedCt@%%ta glRE i Bﬁhesﬁ)%aﬂﬁloﬁpte %X@Oﬁ"o@ 2509 Bk feialdiAd lsWbstrate
800mt hick substrate 120, the via 140 can be selected to have a depth D of
| ess t hasteti@ORl(@ndhe, ba@@gnoond 2a5rr)escr1b'Eki@bpe¢ra|The wgdhuWdtaaatte 2t @rlicst (c121
can be ]%ackgr und, as described above. The width W can be 20m or |ess

(e. [0027] In a particular aspect of an enbodi nent shown in

Fi gure 2% t he f| rst termnal 110a can_  have an ena]gosed conductive, surface
118 t hdP0%4 genétaﬂ)rlstwfl Jag a¥pegh @ frpntamebogdipgi ahai fraldigure.dhe tirse tegmped | Hae

materi gly, ﬁélre CoRYAd @&}&ﬁct&é‘&rfa%%ﬁé 129 1sC ’réﬁl&ough%f]hgﬁé E%c%nﬁjsﬁrfh& e

via 140 an e term openi ng ext en strate nmateri al
121 fr afithdeubkirsts maseridl a2 AZSortimgtyh ehaesmnﬁlg seffduaie t@dturt hldDidde via 140

enbodi nent addi ti onal bstrate rial 121 can he re ed tg as to
furt h'eranéﬁﬁwéﬂt%élogtﬁ%iikSezsten@%@rw st'he pebsipsamategial l?elr%gm tb%%r%rssmface
buﬁp 1bz'§% tEX §IBLE su dlgdcgtirzﬁ ZH okl léﬁbe 2 aﬁcﬁﬁ&?ﬂ s tetllgdogZAl &b@tbé S
formed by renpving additional materia romthe secon ace the

subst r atmot&Dtol a3 tbHferthagixpos tha rsnrfamdlonﬁghet fisst semaradl 11 @, raga,aﬂo foial. "buheg."

substrate material 121 ¢ be rermv usi n wet etch process, or, a plasm
dry et diPrsryrRsstigaregH ﬂ&ﬁStr%te% S@Pn 3%5\%11% fﬁﬁ%rr’é‘idetfye@fI}Onglgr?éifigtoinall

125 in hhbSalrmeh R £85hd surface 124 of the substrate 120 in the regions surrounding the second
terminal 110b. The substrate material 121 can be removed using a wet etch process, or a plasma

20  dry etch process (e.g., with an SFsO, chemistry). The dielectric material 125 in this region can
also be removed. This process can produce electrically conductive, outwardly facing surfaces

113 that face laterally outwardly from the via axis V, and project axially away from the second

surface 124 in a tapered fashion. Accordingly, the outwardly facing surfaces 113 can increase

the exposed surface area of the second terminal 110b (relative to the cross-sectional area of the

25  second terminal 110b) available for establishing connections with adjacent devices. In other
embodiments, the outwardly facing surfaces 113 can project or otherwise extend axially into or

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

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

coating can include tin, gold, indium or other suitable electrically conductive materials. In
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al so be renoved. This process can produce electrically conductive,
outwardly facing surfaces 113 that face laterally outwardly fromthe via
axis V, awmo2progj4esy axially away fromthe second surfac@CI2s2em/0e048aper ed
fashion. Accordingly, the outwardly facing surfaces 113 can increase the
exposed surface area of the second term nal 110b (relative to the

Cr 0ss- seatianat flagiegoingt e secehepiRdsial ard tRbolRYsaY ﬂo@&k fWhich does not
establ i shing connections with adjacent devices. In ot enbodi ments, the
out war drgquifebf Hee efirmaskes 113 can project or othermnse extend axially into
or against the structures of adjacent devices to establish electrical and
physi cd002%nnecthignms. Zqﬂmmﬁﬁmihelem@&mduherﬂﬁnhnmﬁﬁmﬂ ¢Hk MMalddeinduwm
conductive naterials ition to the cond ive that. fills

1
the vi £99¢F twﬁomae;zlaﬁprne aﬁ& n o Yt CPRIEIRG T fﬁt}erd cl t}aéﬁa ParteHar
coat ng:n%ﬂnﬁmt tHeSadRRInk B that@ial REn w&&eﬁ sSldEf BAE 11-§-8 Thghﬁldérafﬁhl Pl%a&dnng

114 can facilitate electrical connections wth adjacent devices

parti culatacetiioathivmertdly tthand kashicet satficeg 18a0f thocondietivé matagiel d]2, mdvalhamr
ot her s itable eI ctrica ive materjals ener al flash
Conti ngt RSB ra SPhg T BalRrbrb e ssotearmaniind 1 tsee oo
requi r euthe M%@ ot ccﬁm@”&ﬁﬁg to [a‘&Pa%@ﬂt Jruer®. Bkabde M8 Tsélﬁéle%lfil [£pLesRMr&lddv e
third term nal hat al so 1 ncludes conductive naterials in addition to
t he cortd@crtuutwerdfy Ifdtcmwtserfa@ds 113. it | qant piosideabothc cenasairipbyhicnt nand tleetrical
addi ti onal. ter ca nclu . | der ball 115. The solder ball 115 can
cont’act®pHEH WHQQFHP?H?ﬁ %%gdigd surface 118 of the conductive
material 112, as_ well as the outwardly facing surfaces 113.

arr angdfBH can Figue 2{ ﬁ@leﬁé‘tlﬁtllfi’aﬂmﬁ&eﬁ hePEised as&ﬁfm%éu%%&%f:@blkm%@ét i ng
to adj ﬁé}ﬂ@essat FHe G f(ﬁc eeg&ﬁgfn? doife i 884 s é(}%h% 331]?01%%{‘9& Hovad

out war acl ng sur it can provi I ncrease phy3|%a and
el ectrital desntOlnuil0ib wat Hnélhée daricdi ahickoelorabeici dbmddt?. 1300Q3Q] chpagitos &J

schematically illustrates a portion of a sem conductor assenbly 100 that

i ncl udéganalsnr%)stona?@e%qaaoeﬁe%dﬁ B2 Withcbngsebiled ths Bonke i%j é?r/ erqoriﬂutnn a
st %%kedel&i@%ﬂ?%ﬁﬂéaed%%g'cSﬁdtﬂc%é"str&&&l%s 439 it'&?e' wae 1 irgd 1 %F& fon' ¢
el enent's e.g., capacitors or transistors) connected to on 32

wi th |iindsdd Bitst tdimanidend OpadscriBR samidariin doufipuratiec te ltlmbld,es@*dmdexbbed vst1th t he
conduct i I first die 10la can inc

e structures 119 in the via 40. Th
first tret/eﬁ@nﬁaﬁg Figyg Xenethsl tegord 69 i‘?ljh ﬁarbqud@u%ea%dot?rme holl gensey! Ybed
above ;t«llﬁlhalf & & ﬁ{%n{of? tE L RlcdGFibed HBovE GRMcRirtnct A4 Frig@B Jrchdews &rand

term nals 110b genera
101a, 101b can be brought together with the first terminals 110a contacting the second terminals

20 110b. In one embodiment, the exposed surfaces 118 of individual first terminals 110a can
contact the exposed surfaces 118 of corresponding individual second terminals 110b. In another
embodiment, one or both of the first and second terminals 110a, 110b can include a flash coating
114 (Figure 2H) that contacts the other terminal. The terminals 110a, 110b can be connected
using heat, pressure, and/or other forms of energy (e.g., ultrasonic energy) to fuse corresponding

25  first and second terminals 110a, 110b to each other. For example, the terminals 110a, 110b can
be attached without reflowing the terminal constituents (e.g., by applying pressure, or pressure
in combination with ultrasonic energy). Suitable representative processes include ultrasonic,
thermal-sonic and/or thermal-compression processes. In one embodiment, the second terminals
110b can project axially beyond the corresponding second surface 124 of the second die 101b to

30 engage with the corresponding first terminals 110a of the first die 101a. In some cases, a gap
105 may remain between the dies 101a, 101b in the interstices among the terminals 110a, 110b

after the attachment process is complete. The gap 105 can be filled with an underfill material or
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simlar in configuration to those described above with reference to Figure
2H. The two dies 10l1la, 101b can be brought together with the first

t er m nal swo20w/@s187acti ng the second term nals 110b. | nPema/seemdod6i4dEnt , t he
exposed surfaces 118 of individual first termnals 110a can contact the
exposed surfaces 118 of correspondi ng individual second termnals 110b. In

anot herotiedrb Qe tabRNtmat@n®, Qg bptibr @b éﬂ&@pi:shldh%g BRdstageansiri @il Nah Spakfifdar
110b can include a flash coating 114 (Figure 2H) that contacts the other

t er mi namboffacnty ths eempleted@ase parc by ciecandigheative geusplhigsipslar to thpeshoyme,
and/orlg%he eflorms of energy (e.g., ultrasonic energy) to fuse
correspon&%ng first and second termnals 110a, 110b to each other. For

exanpl e termnals_ 11 110h can b wi t hout . reflow n

Cor m ndPodllng it ok e rrs ind sppefen HU I th s shiked SopnaP e ook
comi3i nag, Qs i obll the FRANCEMBRR 9Y0a chdiafb eex&y@%de&%hﬁlé Y €8 RIfOhESRESHd

i nclude ultrasonic, thermal-sonic and/or thermal-conpression processes. In

one enﬁ@@muﬂnﬂlobhbleéwnmﬂb@hnmmMa%srﬂaﬁbac@mngnmﬁeépnanrhbmyhheyﬁndIQMe

correspon sec surface 124 of t e,.seco e 101b engage with the
Cor 1 eopORdingNERFor hod et 4108 GRORBeRs R dics 1Dga 101 ceote Luves o
gap 103.5@ m%@ﬂ?ﬂ@(ﬁ%h&ﬁ@ﬂsﬂﬁﬁhﬁiF@u&ﬂﬁ?soﬁﬁ%ﬁm&%nﬂﬁﬁdéPiﬁéﬁﬁk9§§cﬁ@P@Elthe
termnals 110a, 110b after the attachnent process is conplete. The gap 105

can be dontalcemrwspcbndamg bmtiepEdeI 132ntthe sedond dat h@alrb gudi thabdxposml erfaats 168 of |
prlor to e ul th cked strugctur ticul ar ,epbodi nment s,
hellcorBPifid 018 s@ﬁrh'}%e I RDEC B paf ek BAb e RE 2 o ot hat
shown in Figure 1. [0031] In Figure 2J, the flrst and second dies 101a,
101b arl8033ackedn seothetgxapmple. showss dnFgurs Ak ethe prignigtion REthejseeqnd @ie A Ha s

HCa conpaGl.qt J%ﬁaéﬁ?@?stﬁg &rfe'h{EnBﬁ"sﬁkoﬁSmOﬁ Eezf%ﬁ’lg@t eE‘PQt %gfh‘@?% it her

enbodi nent s, atrve orientations one ’or di‘es can
be |nveﬂkﬁﬂmoﬁoayﬁﬁﬁmnﬂgAhéexpmedemﬁﬁﬂhﬁmﬁbfﬂhoﬁﬂtdmeHHiQ&mammﬁ&boﬁapa@e

i nverted (conpared 0.the orientation shown in FI?UFE 3J) so that the bond
pads 133209 thgeseppidsdlicyi @lbro T l%%?rg%ttonceﬁnr B%b‘é%l %@ta%ﬁ@rséa%n 159 digs thhe

SeCB”d dﬂh‘?cg%aqjeﬁlboﬂﬂﬁenwelneo’f eﬁ%ﬁ%oﬁiﬁﬁé y | n ﬂ%@?e@ﬁ%tﬁhfg%sg%?eq HBE0 i gf

out war upwar dl ownwar n anot
exanpl ecfesdnoento IFiguresgRi-2K 2Kn behendincdnt 2t, nmhn:nothe tabe nibéye arethidds enctO timni tsvo

d rel h h Fi : Il he f
(i o 10 MRk ficha Tot XePRErit HUROAC AL 08 POHE 1 (ir B g ap BB of
the fi rfs’l%urg'ﬁ, \ngﬁ%xﬁd%@& alradeDBE E‘%r}ﬁlr@ﬂfésteljtﬁl%a@fuétc&?[a&%%‘%eqioﬁd 139&sb132T$'f S

orientatron can ed to stac nor e han two 1es I n
the second die 101b.

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

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

compared to existing structures.

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

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



particul ar enmbodi ments. In other enbodinents, the foregoing orientations
descri bed above with reference to Figures 2J-2K can be conbi ned, e.g., when
t he assermiDyoiomabisdes nore than two stacked di es. For eramflse)ooacibd rd die
can be stacked on top of the second die 101b shown in Figure 2J, with
exposed surfaces of the third die termnals in contact with the bond pads

132 of yone mecdng 6t helad df0033] eLad aht uirgctofe @&h beRSines ARRgAbsst thae-

f oregoi ng enbodi nents descri bed above with reference to Figures 1-2K is
t hat t renspaaend Jess gapmsivisrdsoghtierhand, sedectiye ctelirprpecssasr nidds Blohaueaneigdpge

wth f O[flem hi urtitho(?~ tltl’I(laer r‘e‘eﬁé‘ tol o%?@e é\(ﬁ)qltedﬁgt?\ge ﬁ%fuc u?ee 1 y%%d;’tﬁgregﬁg ttlﬁee&g? clilfl t&le dfehe

overal | tonductive structure 'n the Vvia erm nal” 110

can be @enefatddactiniwidelythaReh Rap@gRINeous. I n particul ar, the same
conductive material can fill the via 140 and the term nal opening 111,

Wi t BOUt[gf 3] M NG Aok €Lt o QURARSYmWeEBbBintdAR FURL Arbootld HOELLE it HPht thkhi S

process can accordingly produce an overall conductive structure 119 having
an i ncrsess@ddogot subgiratgs W{encedomp e echlghehbawiest thegpstatiog ofi filsg thatvidhbdde

boundar i bet ' d [ bgnd pads. lt, th
orr et HENE SRR e Badnd TR RR I T ton Gefsdahort tEH Wiy S
struct Lﬂe%rm&p@§ﬁirt b tiRAGintd %ratfo'ﬂe Hh1efkdRr, aRdidissct b8l ahe k01 MPEnbR:

formed w thout the need for using a mask/lithography process at the second
sur f acdote] usihg phodesses Yt qaibdugce umsebcelbopedr gerabrdlydurpteamo flab oypnditcal vellend

f ia. Instead, th t t . be f i I ti i d
Pesd oxdnsronlat sotdionh aistoRicctih DBeetut hrgved BubSaie Lo TRl AT
reduce £{8: aROWH 190 chh R RECARR EhshRdR tN EorfPNAHCihY ehat tust GliteFRtiAd 2t@nd
therefore the cost of the die or other product in which the via is fornmed.

[ 0035] pMoasskrer afceednuuse e liaitedeadume enalablebiodhersnbstratsf 12thmofoeidigeny than
processes is thagt tdglg serp' conduct or substr at elgS 120 need not be realigned
bet weerPTPHESS SR RFTHRe sentpyred ARG O RU-RIEOTIAWAS 4 't he operation of forning
the term nal 110. Instead,. as di scussed above, bofh structures can be
formed [A®Yart Steweed aakellBpEratsraientativs profesehior forayng rardystivy ARy,

thesvi aln‘h% &?@esbﬁl %féfop&ﬁcél%&iﬁlgﬁﬂfhgf %&%ﬁ@in{e'ﬂgt ofp{h%déﬁg([qoﬁ?@' %&%rhﬁge}ﬁst to
generally Gniform at, cylindrical walls. For exanple, a contintous,
ani sot rlagure 3A,chvipr biessfocaad lre assbdrato® 1p0 ading eprodessesi genddly shnila toethode |

the via, 140 can be |ess tine c,onzgm’ ng.to f?rmtha vi as tt}a

‘ { use .
al t er natPHPLLECA Dr/d (ETYRA OPGHBE ¢ ahCars8et ke larmef pbthopoliome  Avay r 480518 t he
subst r §§8ceteq tHRMRay fdrinCiiaPLd #th&Mi@Mn the generally spherical shape described above. For

example, an anisotropic etch process can be used to remove substrate material 121 in a manner
20  that is aligned with crystal planes of the substrate material 121, producing a terminal opening
311 having generally flat sidewalls. Representative processes for forming such openings are

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

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

surface 318.

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

Figure 2H. Accordingly, the second terminal 310b can include outwardly facing surfaces 313
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processes that produce contoured and/or non-uniformwalls. [0036] Figures
3A-3F illustrate representative processes for formng conductive termnals
havi ng shaipesiv@swecor dance with further enbodi ments of PChAISAM9Ob@SHr €.
Referring first to Figure 3A, a via 140 is forned in a substrate 120 using
processes generally simlar to those described above. A term nal opening 3

11 can thfighojeer He@bm®thedbcdndgulraéd D, Ofhetdaeond Brrdihll 3105icag ifdlieessRditional
may form shapes other than the %Fnerally spherical shape descri bed above.
For exawptiectivgmaieridofor sphaplst ahilaph cedyg (@adispesses abovcowitle igfowne stigatce

mat er i 121 1| net that is aligned wther | planes of the
substrg#@(ﬁéfgﬂkgPﬁﬁGTﬁnfp%ﬁ%%?ﬁg‘%n ggﬁFﬁgﬁog%%%$EQ‘3 11 having generally

flat si l1s. Representative processes f orm ng, such enin ar
i scusdlfffln o reBEr ST AT 555671 S M tmburg icomaBror B gyoter
r13f 8" eng@odiRYR Of thd dfisbBYEE. 3B thR e%%'d?rﬁér{t,' ﬁle"tﬁ)éﬁgri pf'i‘)cps%rl{ak Yeeh BYEL

26, and an optional seed | ayer 127 have been di sposed In the via 140 and
t he t erpriondd repeninggng of the Thedugtime h@eraahd 12 heithierthe ramimpepemgg 3111 Have

then beep filled w a conductive materi 112 usj an f the f oi n
o ot en cabsts mRrpaL B doR Frcs B EbTanosed fof Barl B8 Onduedrs mhcrrbh PR
second {efERGRI éﬁéhiﬂ-g 311hg St et iﬁhﬁral&pst}&ufrélflg%% &iﬁ&éﬁed tHeOub@rdR &0 Ednste

term nal 310a having an exposed surface 318. 8 igure 3Cillustrates a
second axposedrtal an3x0innf dratrpd:forgntia lyordmuycs thdi substnaté nsatdysal rldd dampessibdy thic2 1

in a mapner .generally _sinmlar to that cribed, above wth reference t.o

i ol o DREel EBRGR gty il b® bate Bt AP h &I Toh AT o e e e
faci ng gardhaepaoRtBthatedre) @A 7b et dndemsRcAN Prodict aagird #4minkh 81 Remand
termnal 310b can i'nclude an additional conductive material, for exanple, a
fl ash quejcttadpeyarl theswwosmbshridsoviddviive ind eddatienat emoontFaguprevitldy anradditooblder

ball (as,discussed above with,.referen to Fi,gure 21). [.0039 i.qur

UT1 st AR 8 S pe e et 11370 AR BRE st ST Boc Sabrinstite ha whv SR FAER
enbodi nRMceRfsttub@rdi scl osure. In this embodi ment, the backgrinding process
has been halted prior to renoving any of the conductive material 112 within

t heterfihnipl openl kal . .S pvely
rondved 1B or Sarat 7 4 2R 1Ry SURS MG IR I e SRR B
11 to fwithmahbiher lembsdinane df sthe utitalssare. Foks skanplie,Figlre 3iibst s@ahe cikB, dan be
exposed t hat . preferentially renoves the substrate materia

121 ( arF&ng‘&fg’gF eqwﬁer}?%né ERENES e Waes offtha BERAHHORMa e rndng a&aéﬁ%
whi l e nefver £UBYI 19, E'ée: i ARAUG R4 ogﬁ{iﬁé hal. While voids are generally undesirable in
most semiconductor processing operations, the void 316 shown in Figure 3E may be readily

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

void 316 is also exposed. Optionally, the void 316 can then be filled with a second conductive

material 317. For example, the void 316 can be filled or partially filled with a flash coating, and

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

25  electrical connection with the coating. In another embodiment, the void 316 can be left intact
and can be used to receive conductive material from a corresponding terminal structure of a
neighboring (e.g., stacked) substrate. For example, the void 316 can receive and connect with a

solder ball or other terminal (e.g., the second terminal 110b or the third terminal 110c shown in

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

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

substrate 120, and to the sidewall surfaces 141 of the vias 140. In some cases, the via 140 may
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112 and optionally the seed | ayer 127. This arrangenent can produce a third
termnal 310c that projects beyond the second surface 124 by and additi onal
anount aropPIvI4E3 an additional vol une of conductive RaTASR@9/04W34 at t he
third termnal 310c for connecting the substrate 120 to adj acent

structures. [0040] Figures 3E and 3F illustrate another process for formng

a termmak aMﬂgtﬁ@%@ét@ﬁﬁ@ €c. W, b Relafaily @dngalohad Bt rditivieResralals Gli @B} Mehic\san
shown in Figure 3E, in sone cases, the conductive material 112 applied to

t he surcrasel§e protedieredaicnttAd o Bpricadyzattaeh smthetsitiswallguafags iy thaseo éhaendoi d
316, e. S 'f‘racel 3 hgs taerregﬂlﬂ %ﬂle F AR %4% ]ffla .\Arheklei%e Yih dgr & Srog GREL %alﬁé%ai él22.
undesi r’abfe 1 i nodt* 'Sencondlct O processi ng operat i onst X fe v Shown

i n Fi gurigs sfrarg@nchecanedigiihate aroRemesaheec andiofecaecyaied ffan thehad saxacp! e,
as shown in Figure 3F, when the substrate material 121 is renoved fromthe

secdnd Idramddiasteaty attermpinglooraningheanchepivsagd diresthic et ppplintethgdregtegtie lagera] so
expose Optyi.onal | v, VoI 16.cC en. . be fi it h co .
conduct e Aot shiSishe iy BctRems Shatuie S aRbE s RAGARGPr ime

par ti alrkyuifddltb €stnwihk ltoadddtias kereiaild, agd cantietebe r&duap eheasost Eddirhingied dissisd ace
area of the void 316 can facilitate a strong physical and electri cal
connectqtiess o prrdupes fesmthiersybstiate BHbt her enbodi ment, the void 316 can be

|l eft intact and can be used to receive conductive material froma
corresd0MRIng t émyi pélthstscoetandactof paclmgieghboriing ffoen goining dlok edbstrates in
substrate. [For exanple,.the voi.d 316 can . receive and connect with a sol der
DAl T or et TR AT g ios i DRUE AT ERrRalo LB FHebk PP Forte

ter m nahiold QR R OMargr MO B8r2Edmpled sy LSRE G ipRls¥tativcOBRatphe b AR RS
substrate. [0041] Figure 4 illustrates another enbodinment for form ng the

vi as 149stem IMeshompsschamaticePl . inlfgurhids EnbexianeaP) can produdsct prosedsay 892,422

is applied to_the fi 23 of the sybstrate 120, .and.to the

o donniTRe sty SRR AGE 455 Bemp i il e h L BetBRy o3 s SRy e
hi gh asRefbks 5361(0.g( & SensoP afi@birh¥@hivted) OREH/be BN s@iRPétes R Rhipeaints SARI |

wi dt h), which can cause the protective |layer 422 to nore readily attach to

t helssi dewatendygtof packegashavitgaanyt enctdrer emmabinafoharfehd faturgsdescr hove it end

surface 142 recei.ve littl.e or no protgctjve terial..422, S .

art angdrbrel B PR REmab ehafiiBle R oBY 8HES ey Re BB riEe syl Fasing o
t he endysidil 80® cdft HeAbin | At 6L wide WaFBIyNSE cORBIMMYY peddesdifg f Q6rapel ghinkiagt |y
after applying the protective |ayer 422. As a result, enbodi nent's of this
pr ocessnagwgerpéer edharofunedense tAssominint thef roprayentpiéguisyséem t YO earmindhede

g?ndUCtvlviYheout[ ?{mq][a?i%}l,s Conqgu er%aarrlld;oqeort gy ddt§ %lflocceesé[o?se, 5P %;[(an%;lef gésﬂo%gcganutgrls,es

20  laptop computers, Internet appliances, hand-held device (palm-top computers, wearable
computers, cellular or mobile phones, personal digital systems, music players, cameras, etc.),
multi-processor systems, processor-based or programmable consumer electronics, network
computers and mini-computers. Other representative systems 500 may be housed in a single
unit or distributed over multiple interconnected units (e.g., through a communication network).

25  The components of the system 500 can accordingly include local and/or remote storage devices,

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

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

some cases, the via 140 may not extend completely through the substrate, e.g., if the substrate
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ot her end products fromthe substrate 120. [0042] Any of the sem conduct or
packages resulting fromjoining the substrates in accordance with the

met hods dwecpiomasisabove with reference to Figures 1-4 cROThS20000604p6r1 at ed
into a nyriad of larger and/or nore conplex systens, a representative
exanpl e of which is a system 500 shown schematically in Figure 5. The

syst emfpfifls e@NtobAekiUdi’ shoRhoaesigOic BS3n sachTRAREYth2S4a (180 Gnay SIRAKE U9BA¥br
flash menory and/ or other nmenory device), input/output devices 556 (e.g., a
sensor thefanadputppsaIstizs taegcf as ahept spndiharrhegupaly sTlegsamerpreensprsmissareg 8ove
Sem condugt or s, havyi n n r._a.conbination of .t he feat S
descr 1 bl okBevERTET TR D Ruf Rl RGPS Th) b0 tlidfedriPAHb%Eer ¢ ne
devi ceshehQvhirdtd) FE@N Substratthecdnealbt b Gis&y SoePlH@P (GARadredf Qidh any &hed

wi de variety of conputing, processing, storage, sensing, inmaging, and/or

ot hér fagrodinaends, the é@’rrwmaamap,bet H@opashioeewmeelt the dlangs (ertawbed)cdin to FERder

w thout Jimtatj.o r /o th a . for e l e
desir o SinplPhh RepERTe SURuARS: Mty B AT YRS RRE oning o RETRL .
( pal m tean&rPithRfBes MRIBdoRRERINGARP Hath§ stre@lides ba diffterTBbini BnPhddresibstrates
personal digital systens, nusic players, caneras, etc.), multi-processor

Syst ensan peseEEson whiheddiplovst by antipincudamehe dics). dbs wakr davel fregwbefkre
: i i i 500 b
COprUt %ﬁ%ugd?féﬁ%f{]%le@%gp%ﬂ%{h fgﬁcgﬁiﬂgres eg:sent ative SySt ens my e

housed o] over nultiple interconnected units
(e.g., ugh co ni cati pn network). The copponents of. the system.500
CarttacdbPing 'y GerBrLA e ARG o (lensPRou 8F OB a CERSRER aGY o o
Wi de Vvabhineddr HtRHEE dtBAdARiMEHL. aF ol Q8ABle, Hc P el of QaBaL kI Giddvial | |
be appreciated that specific enbodinents of the disclosure have been

descr i bedfadasrdepurhgd sbevaowith r¢fercneatoi loguresiutanttieaappli¢rbtof vaspoined) insasse@ateonand
met hods . hav%4other enbodi ments as while certain of

Ll . |
Che. ot Henr U RS 1 BRI L E it & 0L LM DA FIREe ShmPREr ot fonioving

sem congdp&td mRREKPEES Nevid e th@reQbrntiRsepchingCiethodings FidgulesO38fid 3D, can
enbodi ments, the packages can include other nunbers of stacked dies. In

soné cdwseapplicth¢o vheatetmmahapemiegs sheweania Bigmss efedy 2k hrioutir, tveles {dosiresaans]

e.g., if the substrateforns. the, topnmost, di e, sho i i. e 1. 1 uch
cages, EHISISOTRE R et BEo SRR RopS e bRt PbeRant edgre ol Gt o
a heat @dihéntQr otheambbiknenthha§ailso RKBBAS SRS HAREES BRd BRANE af@moballused
to formthe via and termnal, but the termnal is not exposed at the second

sur f ac engfodirhents igsstnegessarilgigahibgisbeh featuses andnesallts o Aseordingty, tley diptlegyag can

(unst aclhglggie gt'hgrse'm‘tl)ondir(rjlgrﬁg hot expressly shown or described above.
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enbodi nents, the term nal can be exposed to connect the planar (unstacked)
die to PCBs or other support nenbers or substrates. Many of the processes
for formwo@ 20tee4f187egoi ng connect ed structures and conn@CTiusgoovioer4adit i ng
structures of different sem conductor substrates can be carried out at the
die level (e.g., after singulating the dies), the wafer level (e.g., before
singul ating the dies) and/or other prpaggsi ng stages. [0044] Certain
features described in the context of particular enbodi nents may be conbi ned
or elimnated in other enbodi ments. For exanple, the process of coating the
sidewal | surfaces described above with reference to Figure 4 can be applied
to viasWeEk#Bd in association with the conductive structures shown in any
of the other Figures. The process of renoving substrate material from
around the entire term nal opening, as shown in Figures 3C and 3D, can be
applied to the teXxmefiald fopfstnitgsa sdtvshdubtolagomdsy, 2Emprisiagl. Further, while
features and results associated with certain enbodi nents have been

descri bed i rforpiggadiindria pre e dasBbenbyEpesthe giasluding soridrvrdlsupase #dso
exhisbit such featyres Jesults, and not all embodi nents need necessarily
exhi'bit such features and fesults. Accordingly, the disclosure can include
ot her enbodiapphtiisz aptotexipe Byst t thhodewdt sdée bf hedigbove. CLAIMS Ve cl ai m

1. A nethod for, form ng a sem conductor assenbly, conpri sj 9 formn %

blind via i rfogn@émtelérﬁa%}@@émng Gy Seleaive! ywwvwgasq'bﬁf&tamaﬁ‘g ahfrgmdhge)a at the

surface and an erb‘iildsswffa@ec@/hll@@%t&tﬂl%ai?orﬁrrgﬁls%l'sYlﬁstlra@%’ filatdrll ra ndhageRkc

surface of the via; tormng ater opening by selectively renoving
substrate mat eri girotectiva lhjxe ivagpliatl; the end surface while protecting from

renoval subsirate materjal agains h the praqtective Iayer IS plied;
di sifosi ng a RIS GRAdvEtYET F%ter}aL “bé‘P thievigiagd alﬁ%i terHEng! ¢ingning) t Oo'&%éfﬁi%]g to

forman electri Caélécxn&mgo%ﬁhhmett@ﬁﬁmmhaﬁ tsaamtfy w@}ﬂage;elyndtu\eftliéﬁ{xﬁ%@gy% kye

material in the via; ving substrate nateria e term nal
to expose the terwia;nal; and electrically connectlng the termnal to a
conductive structure external. to.the subst r &

removing substrate material adjacent to the terrmnal to expose the terminal; and

electrically connecting the terminal to a conductive structure external to the substrate.

15 2. The method of claim 1:
wherein disposing a conductive material includes forming a homogenous conductive
structure by disposing a solderless conductive material in the via during a via
disposition process and disposing the solderless conductive material in the
terminal opening during a terminal disposition process, without realigning the
20 semiconductor substrate relative to a source of the conductive material between
the via and the terminal disposition processes;
wherein the process of removing substrate material from the via at the end surface is
performed without removing substrate material from the sidewall layer;
wherein the semiconductor substrate includes a first semiconductor die and wherein
25 electrically connecting the terminal to a conductive structure includes connecting
the terminal to a second semiconductor die in a stacked arrangement with one die
facing toward the other;

wherein the via is elongated along a via axis;
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2. The nmethod of claim1l: wherein disposing a conductive material includes
form ng a honbgenous conductive structure by disposing a sol derl ess
conduct i WeOrzatoas®Z in the via during a via dispositi onPporases/osnsds

di sposi ng the sol derl ess conductive material in the term nal opening during
a termnal disposition process, wthout realigning the sem conductor
substrate reliréiercndvingS Qulbse@tcOinatdiRl Chust ko/ @hdraé@iihal indRideeRpbiIe: W @
and the term nal disposition processes; wherein the process of renoving
substrate nmateri ditefallymutwardlyi faciag suheccend thostarrpiaek alg per f or med wi t hout

removi ng substrate.materni al -fraomthe sid Ll layer...wherein,the .
Lo conduer o SR I ElHod B GifpriSed Wifiving B ddifiET SoRdddiEe material

el ectrical ly connggidun@sihfie mi8k ai thalsedond BuFgdeduelid tégnishr uct ur e incl udes
connecting the termnal to a second sem conductor die in a stacked
arrangenment with one die facing toward the other; wherein the via is

el ongated a1.0n9 el ek SrRE] ST SR HORRERL SRR AL, Al 3880 L

. . C m
t he "t erm nal™ i ncl udes sing a etal' Ty ou cing

t er m naind aaREonthgi Rt fiche: dppbkiedfrbmrthd bifst C@iffve] SRISWAERINYth giadsx teaddirtd eal
conductive material w thout u5|2% a mask at the second surface to the
t er mi naemi@ndygier rabsede ofore| Biemiitstwhisfasen fumecrs aifieredndoenioe subdestaedlyhas

a fi rStco%h'ﬁJ %%%er%ﬂgale}{lﬂg&%%nﬁi%éftﬁg gleét%%&lpﬂﬁo%ggt%\;ett% f'Elgltmw}tﬂoeutfuis{nét rna§k
surface, and wherein e Via exrendsS Into-the sen conductor substrate Trom
t he firsgthesdedricRurfatalirt her wherein formng an electrically conductive
termnal includes formng the electrically conductive termnal w thout

using a mask at the second surface. 4. The nmethod of claim 1l wherein

di sposing a gcondugtive terkal .includes. diisposing the conductive .material
" Bhe v doringts visTRISEh o WhaRc BRI R IS REN WER R SR G
mat er i alispoBinkhRe t@ducivd maRenl MGhewid Aging 4 ekrdidpakitidh peeesd a8 dRHOSAS $he

wi t hout realigning the sem conductor substrate relative to a source of the
conductdopéugie epptgrialpr Weeermial wpaniagdluring ¢ dermin| dishosiiesi prosesspioibedlses.

5. The rgﬁggql%gg f?lfe s%}n%o%]d&ctx\ihs{b?{-rﬁetr&?itiéee poi & g&ggé} %?Ehesé{)%a{lét%;eemgtgﬁlllubde?\%ee%

the via and the terminal disposition processes.

15 5. The method of claim 1 wherein the semiconductor substrate includes a
semiconductor die and wherein electrically connecting the terminal to a conductive structure

includes connecting the terminal to a support member.

6. The method of claim 1 wherein the semiconductor substrate includes a first
semiconductor die and wherein electrically connecting the terminal to a conductive structure

20  includes connecting the terminal to a second semiconductor die.

7. The method of claim 1 wherein applying the protective layer includes applying
the protective layer to both the side surface and the end surface, and wherein the method further
comprises removing the protective layer from the end surface before forming the terminal

opening.
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sem conductor die and wherein electrically connecting the termnal to a
conductive structure includes connecting the termnal to a support nenber.
6. The nawbadiogiswrai m 1 wherein the sem conduct or subsPCcatis20090budes a
first sem conductor die and wherein electrically connecting the termnal to
a conductive structure includes connecting the termnal to a second

sem conduct §. di eFhe/methB@oNBhiAOYU wHerddh aqlbmyihg\mi@p@idatia@mwﬂ inglutlBecapiIEtan | ve
| ayer includes applying the protective layer to both the side surface and
t he endippliedtiwaeof thharopréaiveilayer tetheesidrodll s fape pithowpnpbeng thensoicadvae lager
protective ver. fr he end surface before formng the term nal
openiné9§#”¥ﬁgug%gﬂgghéyﬁtlain11 wherei n applying the protective |ayer

i ncl udes conpl eting application of the protective |layer to the sidewall
surface wi thout applying the protective |ayer to the end surface of the
via. 9. The %et hokheometodiaf dlaighdr eherciththecamduettioveaterieke s alfirbtscendiptivy
conduct i ve.nat eri.al .and rek.n.the method further copprises appl yi a
cecona "Bimlarn USROS MRS b ForPBi R Sre e Vel BR3P 9 o

el ectrifaad dondeanresdtemg betoee ElREHRCMB) cdndedthig tRORMMETal Weths tontRicty€strukfure The
met hod of claim9 wherein applying the second conductive material includes

applying a flash coating. 11. The nethod of claim9 wherein applying the

second condugtivematerial ~i,ncl ydes appl vi n solder ball.. 12. .The t hod
of ol ai m 11 Mher el PREOGPESITIE dndivedy Boptung e seond comistivemteriadpelifes
rennvin@p?mgiaﬂamﬁmqgﬁ.rial i ncl udes exposing a laterally outwardly facing
surface of the term nal, and wherein applying the solder ball includes

appl ying the solder ball so that it contacts the exposed, laterally

outwardly facing.surface,of the.,term.nal. 13. The thod of clai.m.l erein
Formng & t et gBRfith8! AR o oderb Prndind ST ar ety ReBiilinalts
gem@rah?ybﬁgggyﬁaQQﬁnpositioned al ong crystal planes of the substrate
material. 14. The nethod of claim1 wherein formng a term nal opening

i ncludes form ng a concave, cup-shaped opening. 15. The nethod of claim1

wherein for '*fzr.‘g al"hvei raflej[h%((‘il éjid Cel%,il’lfl clrlm;)vﬂgre% )[/ﬂeavi\g/i }shelongated along a via axis, and
wherein removing substrate material includes exposing a laterally outwardly facing surface of
the terminal, and wherein applying the solder ball includes applying the solder ball so that it

contacts the exposed, laterally outwardly facing surface of the terminal.
15 13.  The method of claim 1 wherein forming a terminal opening includes forming a
terminal opening having generally flat sides positioned along crystal planes of the substrate

material.

14.  The method of claim 1 wherein forming a terminal opening includes forming a

concave, cup-shaped opening.

20 15.  The method of claim 1 wherein forming a via includes forming a via with

generally smooth, non-scalloped sidewalls.

16.  The method of claim 1 wherein disposing a conductive material includes

disposing at least one of copper having a purity of at least 90%.
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general ly snooth, non-scalloped sidewalls. 16. The nmethod of claiml
wher ei n di sposing a conductive material includes disposing at | east one of
copper hawpregroz4pasrity of at | east 90% 17. The net hod ofPCEItsRImDcABEr ei n
electrically connecting the termnal includes electrically connecting the
termnal w thout reflowi ng the conductive material. 18. A nmethod for

formi ng a sem conphiscieihodssedibiny.l GABRII Sico@icallPcBhN@tiay tAPefhlighliinciadéyd r st
maj or surface of a sem conductor substrate, the seniconductor substrate
havi ng decseeadisdonegeong Shertpaeiaalrwighavg raileaxing thereonduective materifhj or surface, the
opening having a via portion with first wdth at the first surface, the
opening further having a termnal portion with a second width greater than

the first wigth af nicfedSBE i §cdtiCondabr dissPBS], B8mprigiagduct i ve materi al
in the opening at the via portion and the term nal portion, w thout using a

maski ng pr odessingt an hepeasgondl & Uibladeajorandriofe pdue spEHeIndyCton esubpiedie.n gheat
t he second surface, .th onducti,ve material .bei.n ho enous,. sol,der | ess
e o e RS it R E BTt R TRE & S hd WA B RRAEIRS AR E >

a first sem condugijer setet it epcrand hwhigped Rid Pertizat ol i idh foRPrises
stacki ng a second sem conductor_ substrate relative to the first
semi conduct or subwtipes eherngnimgderthirduying ademmaelnosdon weh e spcpnd twiddr greaterr i al

at the term nal QR&{ﬁ%E% B@hgﬁtik{ﬁ%%ﬁﬁg%%8$%ﬂﬁtOr substrate to a term nal

of the second sem con he net hod of claim 18 wherein

form ng an apgking i Rehdidese fastelidlginathé @pdddfg kothehali pgrtian sindemal terrsiualf ace
and an end surface, applying a protective layer to the sidewall surface,
andOr enovi ng mat OrEeN, FYIBAUE RBingng naaskmgcRroedssfadrthe tseeondesurfasel ansb mtithent

21. A i d . |y . isi i . . .
2L A, SO Consucta SRy AL S0, B3R SROSHRARS SHBRLAE o

openi ng ext endi nthohiogonhdResdlddrkss majedinl. surface to the second maj or surface,
t he opening including a generally cylindrical portion extending generally
normal to the first major surface, the cylindrical portion having a

general [y sngot h, p{ini {Qf R " LRSS 14 NEhQREN Y LHILAGIW N CLbdaRT i@ 4 & nal

portion
semiconductor substrate, and wherein the method further comprises stacking a second

15  semiconductor substrate relative to the first semiconductor substrate and electrically connecting
the conductive material at the terminal portion of the first semiconductor substrate to a terminal

of the second semiconductor substrate.

20.  The method of claim 18 wherein forming an opening includes forming a via
portion having a sidewall surface and an end surface, applying a protective layer to the sidewall

20  surface, and removing material from the end surface to form the terminal portion.

21. A semiconductor assembly, comprising,

a semiconductor substrate material having a first major surface, a second major surface,
and an opening extending from the first major surface to the second major
surface, the opening including a generally cylindrical portion extending generally

25 normal to the first major surface, the cylindrical portion having a generally
smooth, uniform surface, the opening further including a terminal portion
extending transverse to the cylindrical portion and intersecting the second major

surface, the terminal portion having a width generally parallel to the plane of the
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extending transverse to the cylindrical portion and intersecting the second
maj or surface, the termnal portion having a wwdth generally parallel to
t he pl anewof2otdafisrst maj or surface that is greater thalmCa/useemwss@Edndi ng
wi dth of the cylindrical portion; a single, uniform honogeneous vol unme of
conductive material disposed in both the cylindrical portion and the
termnal portion fakt fbRr AREMNGat IshGeaoNtdftd dRrRBéRIn@AidtRIOTItAY cAlindrical
conductive path in the cylindrical portion and a conductive termnal in the
termi nal portion;Podm@a microel ectronic element fornmed in the substrate
material and electrically coupled to.th ondyctive mat.eri.al . 22 -The
nesenbly of o TR Rl RIS T RN b S 4sp i oBOE he
material and has @lin@udaerposticif age @b fefiginhlepoitidal oPeHd opehing,! theacsidutmae
area greater than a cross-sectional area of the opening at the term nal
por Bi on; wher ei n ract fermingun sendycate pb iadhelgrkindiwahperéion and 4 cargactive
term nal portiont&%ﬂﬁ&gnl &gﬁg&kg 1&%@%gly in adirection away fromthe
second mmj or surface; an ereirmthe assenbly further conprises a sol der
bal | at t achefmicdodléeroaianderadrt fernieatia theadubstiatt Aeatdri shdékctpodllyl @uplddhe the
sol der ball being in contact with the tapered outer boundary of the
conducti ve naterﬂ@pdw23©n¥W§R&ssenbly of claim2 1 wherein the conductive
material has an outer surface at the termnal portion with a surface area
greater than a cross-sectional area of the opening at the term nal portion.
24. The asseamly Te sbathily 3f dladnerei n t he conductive material is a
solderless material. 25. The assenbly of claim2 1 wherein the cylindrical
pori%i on doesVhfsein by eongdustivd mafseid! isnt erldetlcss mataiad andbas gheutss §1€§49PW dre
claim2 1 wher el n[eélhﬁalc &98& tv&'xipﬁa rgﬁ{‘fgél %{ea' %ea%r lh?iﬁls't cr%gs(){%e%apgﬁrargg 'O]fC Iﬁ%e
assenbly of claim erern € ‘conduct’ mat er al projects away from
the second maj or dgpdhing@etheneitidlipeeiongn away fromthe first major surface.
28. The assenbly of claim 27 wherein an outer boundarﬁ of the conductive

c

mat eri al wheréin an outer boundary of the conductive material at the terminal portion tapers
laterally outwardly in a direction away from the second major surface; and
15 wherein the assembly further comprises a solder ball attached to the conductive material

at the terminal portion, the solder ball being in contact with the tapered outer

boundary of the conductive material.

23. The assembly of claim 21 wherein the conductive material has an outer surface at
the terminal portion with a surface area greater than a cross-sectional area of the opening at the

20  terminal portion.

24.  The assembly of claim 21 wherein the conductive material is a solderless
material.
25.  The assembly of claim 21 wherein the cylindrical portion does not have a

scalloped internal surface.

25 26.  The assembly of claim 21 wherein the conductive material is at least 90% copper.
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at the termnal portion tapers laterally outwardly in a direction away from
the second nmajor surface. 29. The assenbly of claim2 1 wherein the
conduct i WeOrzatoas®l?7 has a concave, cupshaped void. 30. Ph@/tss@emi4p4 of
claim?2 1 wherein the substrate material forns a portion of a first

sem conductor die, and wherein the conductive copper material is at |east
90% and wherz@i n U1 HSEMBIONEULAiaT 2 BSGRIIM Yhd edrdnetivCRaRK S Bi%)@tsSSHN tom
sem conduct or die having a conductive termnal electrically connected to

t he corflasscopémeir shifade 1an ditgetionegwienaompls fiisbmaist suiecef i r st sem conduct or
die. 31. The assenbly of claim2 1 wherein the termnal portion has a
general ly spherical shape. 32. The assenbly of claim2 1 wherein the

term nal porg, on TRSasgensy ¥ lcairh! 28t wH@binSandbut@Rn AL b eRY sd il c il e rief

t he sem conductor substrate material. ' o '
at the terminal portion tapers laterally outwardly in a direction away from the second major

5  surface.
29.  The assembly of claim 21 wherein the conductive material has a concave, cup-
shaped void.
30.  The assembly of claim 21 wherein the substrate material forms a portion of a first

semiconductor die, and wherein the conductive copper material is at least 90% and wherein the
10 semiconductor assembly further comprises a second semiconductor die having a conductive
terminal electrically connected to the conductive material at the terminal portion of the first

semiconductor die.

31.  The assembly of claim 21 wherein the terminal portion has a generally spherical

shape.

15 32.  The assembly of claim 21 wherein the terminal portion has generally flat walls

aligned with crystal planes of the semiconductor substrate material.
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