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el ectrically connected to pins or other types of termnals that extend
out si de the Frotective covering for connecting to busses, circuits, and/or

ot her MECIBYI@ALABRLP assenblies. [0003] Market pressures continually drive
manuf acturers to reduce the size of sem conductor die packages and to
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t oget her using conductive vias that extend through the entire thickness of
the dies, The conductive vias are generally referred to as through silicon
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[0002] Packaged semiconductor dies, including memory chips, microprocessor chips, and
imager chips, typically include a semiconductor die mounted to a substrate and encased in a
plastic protective covering. The die includes functional features, such as memory cells,
processor circuits, imager devices, and interconnecting circuitry. The die also typically includes
bond pads electrically coupled to the functional features. The bond pads are clectrically
connected to pins or other types of terminals that extend outside the protective covering for

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

[0003] Market pressures continually drive manufacturers to reduce the size of
semiconductor die packages and to increase the functional capacity of such packages. One
approach for achieving these results is to stack multiple semiconductor dies in a single package.
In such packages, the stacked dies can be electrically coupled together using conductive vias
that extend through the entire thickness of the dies. The conductive vias are generally referred

to as through silicon vias or TSV.

[0004] Conventional processes for forming TSVs include patterning a semiconductor
substrate, etching the semiconductor substrate to create an aperture, and plating the aperture
with a conductive material. Plating the aperture can include either pattern plating with a resist
mask or blanket plating without a resist mask. Both plating techniques have certain drawbacks.
For example, in addition to the other TSV processes, pattern plating includes forming a resist
layer, patterning the resist layer, and removing the resist layer after plating, and/or other
additional processing stages. On the other hand, even though blanket plating does not require as
many steps as pattern plating, blanket plating creates a large amount of excess conductive

material on the surface of semiconductor substrate. The excess conductive material must be



substrate, etching the sem conductor substrate to create an aperture, and
pl ating the aperture with a conductive material. Plating the aperture can
i ncl ude ewvohervqatsvern plating with a resist mask or bl aokaiS2@oatisng

Wi thout a resist nmask. Both plating techniques have certain drawbacks. For
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material. As a result, there remains a need for inproved techniques for
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[ 0005] Fi gures 1A-1D are schematic side cross-sectional views of a portion
of a sewincewndugondicdi eccordaaecwitlambediwants drbochnolegy. of the technol ogy.

[ 0006] Fi gures 2A-2H are schematic side cross-sectional views of a portion
of a sdfid@gnductfigursu2st-2Ht ercundengoicngida @pocessonsd efiovs fafi af pomiongof a
several enbodi ments of the sem conductor die 100 of Figure %gﬁin accqr dance
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a process use ormng severa odi nent s of t he sem conductor die
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semiconductor substrate undergoing a process useful for forming several embodiments of the
semiconductor die 100 of Figure 1A in accordance with additional embodiments of the

technology.
DETAILED DESCRIPTION

[0008] Several embodiments of the present technology are described below with reference
to processes for forming through vias and conductive routing layers in semiconductor substrates.
Many details of certain embodiments are described below with reference to semiconductor dies.
The term "semiconductor substrate" is used throughout 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 form through vias and conductive routing layers in an individual die, or in a plurality
of dies, on a wafer or portion of a wafer. The wafer or wafer portion (e.g., wafer form) can
include an unsingulated wafer or wafer portion, or a repopulated carrier wafer. The repopulated
carrier wafer can include an adhesive material (e.g., a flexible adhesive) surrounded by a
generally rigid frame having a perimeter shape comparable to that of an unsingulated wafer, and

singulated elements (e.g., dies) surrounded by the adhesive.

[0009] Many specific details of certain embodiments are set forth in Figures 1A-3 and the
following text to provide a thorough understanding of these embodiments. Several other

embodiments can have configurations, components, and/or processes different than those



[ 0008] Sever al enbodi nents of the present technol ogy are described bel ow
with reference to processes for formng through vias and conductive routing
| ayers i rweeniioeaact or substrates. Many details of cer Parrusenodisaient s are
descri bed below with reference to sem conductor dies. The term
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routing structure 104 can al so include at one electrically conductive
trace illustrated embodiment, the individual depressions 109 have a generally rectangular cross-

sectional area extending from the first dielectric surface 105a to the second dielectric surface
105b. In other embodiments, the depressions 109 can have oval, scalloped, and/or other cross-
sectional areas that extend from the first dielectric surface 105a to an intermediate depth (not
shown) in the dielectric 105. Even though only one routing structure 104 is shown in Figure 1A,
in other embodiments, the semiconductor die 100 can also include two, three, or any other
desired number of routing structures and conductive vias (not shown) electrically coupling at

least some of the conductive routing structures.

[0013] The semiconductor die 100 can also include an integrated circuit 103 electrically

coupled to at least one conductive through via 108 that extends through the dielectric 105 and



107 (two traces 107 are shown for illustration purposes) in the dielectric
105. The dielectric 105, for exanple, can include one or nore depressions
109, and wbeotweews 107 can include a first conductive mraTars2@/ops6si on
112a that at least partially fills the depressions 109. In the illustrated
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[0016] Even though the traces 107 and the through via 108 are isolated from
each other in -4-




Figure 1A, Figure 1B shows anot her enbodi nent in which at | east one of the
traces 107 nmay be in contact with the through via 108. In other
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i ncl ude subsequently patterning the second photoresist nmaterial 208 using
phot ol i t hography and/or other suitable techniques to forma second opening
210 generally corresponding to the aperture 110 of the through via 108
(Figures 1A-1C). In certain enbodi nents, the second photoresist nateri al
208 can have a conposition that is generally simlar to that of the first
photore5|st naterlal 202 In other enbodlnents the second photore5|st
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dielectric 105 and the substrate 102 exposed in the second opening 210 is
renmoved to formthe aperture 110 using anisotropic etching, reactive ion
et chi ng, wodborozetsher suitabl e techni ques. In certain emrbodiSa®0ing3ses he
aperture 110 can have an aspect ratio fromabout 5:1 to about 20:1 and can
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d.
105a ofat teintrrardiater depth Gapt shgpnabEiore deashinguds el Sybsiats dyEirery 103 of the
conduct| ' 212 ture { i an
ol uds ST e L b ea e ol A ARG (e pl iR SIRRE SR 806 pha.S
deposi td @mofalAuidhsity{cod) € plasyeconkpostidd duringhd plasme krbingprgeadd)t amdjor other
bottomup ECD plating, electroless plating, and/or_ other suitable .
t echni quEable mdertad eriRval parapmstess-| ly coptpin eBbpdimentadie dsyiper seeand siehisayions
t ungst d y egaql nst | . aryt.i r
enbodi ﬁ@r?? g&ldt L@Bg{éﬁ% uh%'% %’ \%e&erélﬁ (go!ﬂglag%zg'? n@%ﬁ%@sﬁ)e l?adél? ;b}) y%llblgmg'op%e@ﬁ&a
i nt r odueeddiméras, tiefiapard stcendlddraridho it 02ahadddpb essians oth@dsdifabkediepitish a
barrier material (e.g., tantalunm). The electrolytic copper has an enhanced
purity conpayr gdwnoire FRgikd obessky tHH 8RE&RbnEBST drd! fosman dhdvpeitesopaar ed
to solder. For exanple, the conductive material can be at |east 90% copper
and i n isdnde etleest paygallyc episeing thoeesicardustawinbstratEi2g0 rweitlp & sceonsl plvtergsist
portion 212 t conductive material 212 ¢ be. subsequent |y renoved
Boch ¢ nafiiete. ; e GRAASE G P PEMsR o 55 E RN Pa1SHRE TR Ritcnd HETRIESS
mat er i ghatédd 2W8usgRNEHoRd tNodriptsantldrivthdiauititils tecHhRuerior foem et @tEopdam:

Techni ques for renoving the third portion 212c of the conductive nateri al

212 car?Organgudy cearsreadingeehaiapaturp dil0 sHithe threpge vieokltehigwrs dcHani bal
pol i shi ng,. and{ or. her, sui t abl echni .+ HAR24] The process can als

Poct uds Rl SbeinR) o Sl P GETE, iRl PR b ORGP a3y R0 Farh
addi ti qRatraflgainilSo tat aneieAirsOphdtdiesisianatefal IRt ah osHed sinbadiencdB0 theR@Eond

exanple, as shown in Figure 2H, a portion of the substrate 102 can be
r enovedhpraspsitt eateed gAY caubaercarwositiphadsl/ aehpragistiplicsdhamehdificeet frgm that

chem cal I te I to expose the second end 108b of the through
Vi a 10gkfﬂﬁﬁﬁﬁﬂgﬁ@%ﬁﬁgggg%%ﬁgghent 114 (e.g., a conductive pillar, a solder
bal I, redi stribu h sil.icon ¥&

oo o 1RCC R o (EsH4Y b OStramet tsntuh DaSEs an Whiti 8 horidh SF it

dielectric 105 and the substrate 102 exposed in the second opening 210 is removed to form the

aperture 110 using anisotropic etching, reactive ion etching, and/or other suitable techniques. In
certain embodiments, the aperture 110 can have an aspect ratio from about 5:1 to about 20:1 and
can extend into the substrate 102 at a depth of about 50 microns to about 200 microns. In other
embodiments, the aperture 110 can have an aspect ratio of about 10:1 and can extend into the

substrate material at a depth of about 100 microns. Subsequently, the process can include
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i nt erconnect devices) can then be attached to the second end 108b for

i nterconnecting with an external conponent (not shown). The optional first
and/ or sewondipagsbvati on materials 106 and 113 can be ®epaskeiea43snt o t he
dielectric 105 for insulating the traces 107 and the through via 108. In

ot her exanpl es, additional dielectric terials_ and/or conductive tr S
may be [FBPHEE Hif &P PhRTsGt MAtriat T8 drean 194 sericBRicHS é‘btiSF%‘i‘?al%gi rst
and  seqethnRAF Sth¥ Hrb Qs BB} §fsb 3hSudOfeiflink L3 ool PARPLRRYSEA!; ﬁ{m&g tig) of
t he pr gglse}ssn c’an bg}rrmrse effisci ent th%@gcgl%ve %i on§>l5 techni ciﬂes b ]Irﬂg%ulci ng
sever al(cpr,cdessionglestaghewn Contie apéramall 1@ beford thoescondrphbresist gnatdrrabA@isvi as
and traces i sem condyctor substrate typically. include t conductive
mat er i &F@a&ﬁﬂs?& PET §fn§a§4§ﬁ.enrsn T Yocpad ff&é%@i i‘f?fP%‘?%l {55 0% 1SR FERGH s
are | nigordd ot hOUMRAriANGS 4y fe SRR donas kb1 SR o ffet SATHS lfng

formed.” By sinmultaneously depositing the conductive material 212 into both
t he depedmsjuensvill@®it gademnie dpesdnucendlt®r sobbtyato 280 deploght isoronslt plgeoricsist

required. A result, the second depositi.on age and any associ at ed

b oces g Al Prtied Hhavs SR A cbroRdige 2H o ) nay by o i i nated, thus
inproving the efficiency and cost-effectiveness of the fabrication process.
[0026] $80&al ervolipyrRik &igre gRethg Parassscandnclife sinpdigaraastyalipg de yrerture

pol i shi fect . h Shing) . oby i 0 r t es
o7 "y GE' kg 180 S PoohBugiE HIERHENY] Fut Topdfnpiydel IB0E

t hr oughnsludeslDBrso pbitiod X1Apiire theaapsitadel 11100k tsechd Glortidie2 12btialths defranarien, of
t he sem conduct or substrate. 200. the traces 107 e not present, and

. ) . | f . wer
the serfddnBie (o sastiieieh poeiongdl 2aestepdingdisaendhefirgligicetie suidwgulddp vé the
mat eri af; . i1R< t ke i | 1. shi r e
som coningee 105, St AR lals o iitodh e BR CoRh Ao BE AR T2 8l Wifapormure
surfacellar @aal dfe tdeesionstdt ean Hicbhlen@risadncicatinalt yapos depbdittote dp@BD).euid 1 n
di shing, chipping, and/or other polishing defects. In contrast, in several
enbodi rdppigalofapph deppsioasdl Vv Phetomiralayet depopipe (AEP)2alocti-gihings bRtpma-wr

the tot c e i ﬁ% t p .

conduct%%%%{n P?gg;g%fq{legh{éha%g{yh&? e '([& h@%&g‘ﬁgxﬁ/ﬂﬁ‘?lﬁé@gﬁlg lel| n tagte%l?lgzclezs
107. Wdahantludxe coygpehabmdinoyn, ttinegstap, gold arsl/dredliogy od thd &dregdigg constieaasd In
surface area of tg,e conductive material 212 (fa reduce .t he non-uni formt

of the IFEIGUEHiCAYopEy e conructtvigRaterad 37 My ydse clecqlytie copper gﬁm@%ﬂ@ﬂ@c%’s.
[ 0027] I ; i S 1 : Four es
bn it e foerlBIgHo ufidof A:SHAHAGORY 06 RRCALAROREo bRl ClH AARGLED, TTIHY &
Fi gur esl&&oBlicdepper pa am gnheced puritatvhien chmgersd ftorehdctrglesdie dagposddumetediils,

before fqorm ng the depressi ons 109. shown in Figure 3A, the process

i ncl udé’éﬁd”g]k?&%‘ioﬁpﬁfj’ﬂéo PP Eﬂ{&%@@k@f\ﬁ? RAL T RO LB fHeasy Dbfcropprrc
VO 201]4&2@}%95’%%&@@6}%%@@@563 105. The process can al so include
patterning t | 0

e rst p resist material 302 to forma first opening 304
gener al [h&fﬁor r esﬁpsosrlllgi)v?l ntP?gI}rQ %Cf‘ R& tthﬂ{i%o%t%o% ﬂ:jcgol#’tﬁes colﬁbc’fu:clz‘t%e' material 212 can
be subsequently removed such that the first and second portions 212a and 212b of the
conductive material 212 are generally flush with the first dielectric surface 105a. Techniques
for removing the third portion 212¢ of the conductive material 212 can include chemical-

mechanical polishing, electrochemical-mechanical polishing, and/or other suitable techniques.

[0024] The process can also include subsequently processing the semiconductor substrate
200 to form additional features in and/or on the semiconductor substrate 200. For example, as
shown in Figure 2H, a portion of the substrate 102 can be removed from the second substrate
surface 102b using a mechanical or chemical-mechanical technique to expose the second end
108b of the through via 108. An interconnect component 114 (e.g., a conductive pillar, a solder

ball, a solder bump, a redistribution layer, a through silicon via stud, and/or other suitable

-



[ 0028] As shown in Figure 3B, the process can include a first materi al
renoval stage, in which a portion of the dielectric 105 and the substrate
102 exposwo 20n/2besof i rst opening 304 is renoved to formPChasSapensisse 110
usi ng any of the suitable techniques discussed above. Subsequently, the

process can incl ude rean the photore5|s erial 302 fromthe
seni corBi§EH0Red &ﬁgt?%t%né 5 thrsSegse tosivieo IECPRRFE L BRI 41 ng
a | ayere@lnd Rt atéﬂa hﬁ'T%Q@tl'oﬁaltﬂ}% AR o%dlptgtlfmn%t&tt@s {od atd
di el ectric surface 1 the l'ectric 105. The insulating naterial 306

can i nc]llﬂdﬁanshel dapomtemlxmde thesdiclecwiv HI5t for desulaaing/the tratdsel07sandt tblteronph era al .
Sui t abl ues for oSi t the i nsyl at terlal 306 c n ncl ude,
but ar el% ﬁ teé%}ntlas aﬁﬁﬁ 41913%&6@% %Ptci/%fg Ve Haggs ey oe fa

deposi 4,08, Q?MQ)rout%gDM‘rdr@X@i aﬁjd?@tot'ﬁb b}gf%ha(l AkPhnd E%h%aﬁﬁaﬁ@ﬁ 'npd'tbrla"f’é“ﬁf@r

ot her SUItab e techni ques. [0030] wn 1 n Figure 3C,/ the process
i ncl udemddépositing a second photoreS|st mat eri al 308 onto the insul ating
mat erial 306. The process can al so include patterning the second

phot or g9023] mat Seivahl 3Bolinchey BT SBE Pacteapenn Ngs mdid cffviaitathby conventional
corresponding to the depressions 109 (Figures 1A—1C) [0031]As shown in
Fi gur e tofniquss by resisig ssxeral PreFerIiBg atages ohenviertiendl gchpigue for farmypg thrpygh

whi ch a,;Rorhk of, Qf t&‘hg héi'ﬁ&lt)rﬂcﬁexc{&g %é&%%gtﬁp%g B?gluhg'em%' ebEGIHYE &19t§n

generally correspon secon I'S renoved to fo
depr esslepasitidd QtagésU bﬁeq uast dapositios spges drstheqighi vigd adeinttaiovibfiged, taad secaond
phot oresi st material 308 fromthe sem conductor substrate 200. Then the

pr ocessCRRiY daROpilaR sHRECHSSTATES dcalpsieds Ry srysarpualyolrpoiiing theosQdBRIEEE ¢ o
Fi gur egggtgrlﬁkilb ’Eooﬁéthttﬂé‘ dg]ﬁ'g% E(Rl@dllb@t 4 tﬂe %Hél‘@lge quOFbIg ' djeﬁ‘? 1stage is

[ 0032] Sever al mbodr ment rocess canh be nore efficie

the i ns*adpateldngAmtresulalthé@@onah dbmn&ﬂleél’tﬁgﬁ' andldly; ddeciated rpvmtssmgtaﬂages (e. g,

technlques In accordance with conventional technigues, the depressions 109
may ned@lishinge clapBiEdedc rHaY t bre Slmuntedi Hysnampiovie 3w sifi¢ipney rnd| cost-

naterlqkfgit L0E (AEPES SISkt are formed before formng the aperture
110) or Y 16?t?§% 6?a/ﬁe ?ﬁ'u%atlng material 306 external to the aperture

110 ha be renove .cost | ishing (if. t ressions. 109 are
for nedslgtf%r Fornrag: eHecuERe af R neF T finciin oG PR IR R o
the prq @gs ighi Hﬁ&ﬁ@tiﬁ&%hevﬁﬂm%%hdmm@é @a&uqmpﬂ%&aﬁy NGckPERE shEREUSE
t he 011/ 022180PCT/ US2010/ 043563
the conductive material 212 in the through via 108 only occupies a small portion of the total
surface area of the semiconductor substrate 200. If the traces 107 were not present, and the
semiconductor substrate 200 was polished with only the conductive material 212 in the through
via 108, the polishing pressure on the semiconductor substrate 200 would tend to be non-
uniform over the entire surface area of the substrate. Such non-uniformity is believed to result
in dishing, chipping, and/or other polishing defects. In contrast, in several embodiments of the
process, the conductive material 212 occupies more of the total surface area of the
semiconductor substrate 200 because the conductive material 212 is in both the through via 108
and in the traces 107. Without being bound by theory, it is believed that the increased surface

arca of the conductive material 212 can reduce the non-uniformity of the polishing pressure, and

thus reducing the risk of polishing defects.

[0027] Even though the foregoing process discussed with reference to Figures 2A-2H
includes forming the depressions 109 before forming the aperture 110, Figures 3A-3D describe a
process that includes forming the aperture 110 before forming the depressions 109. As shown in

Figure 3A, the process includes depositing a first photoresist material 302 onto the dielectric
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part of the insulating material 306 corresponding to the depressions 109 is
sinply renoved during the second material renoval stage. [0033] The

processi nyoxvage1sdescri bed above with reference to Fi geceaS2i0®iBsas e f or
illustration purposes. A person of ordinary skill in the art will recognize
cor tai rl Bt HORES Cbahar atns Pt A BB dbelcBme Thser d 0 e ek
110 w tfhohire 399 L i todik bai{d &% eki@hy, a seed material,
and/or(%?ﬁbg3§u%ta Iéy§¥$§%?3?§%ﬁha§a%%u%%rA% l?%a%he g%erture 110 and/ or

t he de ions ,109. A .ner.son ' y o . will al -
recogn 28har (R PRAfaTRe o o BloREYed Shotbag b et d ¥ i ng
sever alwigshadonidit 6f BF didlectsenis andues aibseite 100Qxpavad id QL' fildt ofdriki 864 18
and 1C, respectively. For exanﬁLe,.the degressipns 109 and the aperture 110
may be rpaeved nedors the sipagrE Edhisiggouy Qephesuitdte tegdminstulisayssed gihoye1B,
or the d e t t L& .de (o) 109
and or HECLEARLERE L et dpddde Fibloth PR BRSNS hAGHA RS TR0P RS
enbodi nenticendtder pveeas30e¢an further include at | east one stage of

cl eaning, drying, cooling, annealing, and/or other suitable stages.

[ 0034] Hpg|t he foe6RetR8 can hisWihdlulRedGRBARE! RL§6k SMALUIGREE hiatGiaERDO HRNT S
of the technol ogy have been descri bed hereirn for purposes of illustration,
but t hapexrarei bifs ambainf the dirsodslastyc befaradd)Sni ethihgt didigvtriat 145g  flhonmsieting

di scl osure.. .For examl even thou several emnbodi ment. f the proc es
ar o dedbt Pl n T FETEPERe P B Hing S LR E DA Bt SCEPRa; n
enmbodi meftn$quRl bR RICPSIGERS 3RS iﬂéﬁbétiﬁ% SifaleBal2BO6 i@ hOlude, SBIN GRNEWCERitcyaber
in which a plurality of sem conductor dies nmay be formed. Many of the

el enentchewicabnepandapdsitient(CY®), beystairyiperddepositiont(R¥D)e aoodé tayiet slepasition
additio r in lieu of the elenents of the other enbodi nents. For
exanplé%lgﬁeﬁwFﬂ%ﬁﬁﬂmyﬁbaﬂ&B?%@gﬁ%W%%%ég%ﬁﬁwe%he aperture 110 of Figures
1A-3D are_shown as forned in two terial renoval stages, in certain
embodi HaRY." 1 heSesany it ddetray’ GethpattPesshdacline Anomkine f serpndsphpjpresist

processi gt i : shi f.t: S ther.  sui | A GUes.
Accor dim e oD R i o a eeeer an 4 I Sy
cl ai ms.secod RtdreQR2h8REAITR WSRO Iiih 04668 ofbh$dS3 e gedaaaliy cdrrespombhdy oal tHeor

processjng a sem conduct or bstrate, conprising: formng an aperture in a
senicoﬁ%ﬁ%?ﬁ?n%ﬂ%@%H§F@;%%dEghrough a dielectric on the sem conduct or
substrate, the aperture having a first end open at the dielectric and a
second [83L]i n t He shewndbhtayes P, thabsrces @n Qv hipeanpmateall renogal stage, in

depr essvivl?l&% aipgﬁgogeoﬁhee %n%ﬁfa{ihg ﬁla?erllr%l 306 and the dielectric 105 generally corresponding to
the second openings 310 is removed to form the depressions 109. Subsequently, the process can
include removing the second photoresist material 308 from the semiconductor substrate 200.
Then the process may include processing stages as discussed above with reference to Figures

2F-2H to form the semiconductor die 100 of Figures 1A-1C.

[0032] Several embodiments of the process can be more efficient in forming the insulating
material 306 in the aperture 110 than conventional techniques. In accordance with conventional
techniques, the depressions 109 may need to be shielded from the insulating material 306 with a
fill material (if the depressions 109 are formed before forming the aperture 110) or a portion of
the insulating material 306 external to the aperture 110 has to be removed via costly polishing
(if the depressions 109 are formed after forming the aperture 110). In contrast, several

embodiments of the process discussed above may eliminate such processing stages because the



si mul t aneously depositing a conductive material into the aperture and at

| east sone of the plurality of depressions; exposing the conductive

mat eri al WO 20h280ond end of the aperture; and attachi rgTaSS@bmessebal | to
t he exposed conductive material at the second end of the aperture. 2. The

nmet hod of claim1 wherein t em conductor substrate has a first substrate
surfac é’aﬁfn?itl fhequsdhing W@Qgeg SarFsadiners fiF dlcaro s RIS 1% sFiKgemoved

di el ecty %Erge@&?dﬁggﬁgh%%gglcgt%ed ectric surface in direct contact with
the first éubstrate surface; formng the aperture includes form ng an

rface: Torng the ¢
el ootlDPEEn o ThbdTorsbBk aflel AEierh o BB AR B0 FEL SRATLlPL D 1E o

dept h dflugtatibe ?ﬁfpo@&;. A @EBDOS of bl ekifliih $iic £t @l edcoprizs tHat a&@ri@pebcaging
aspect ratio of at least 5:1; formng the plurality of depressions_ includes

f or m ngtagep| aie Amittpd ofor ddpitys s iFenscxenpic. et eqitpin Pndpodheerds. ebeferer fidling &ia t he
first dj j rf L t I vi.-n p f
Lbout ARGHSEMEE B B R RS LR VIR N ol EETRRERL TS, [BU PRy pA e
si mul t angotisl] Wwndepashdr Rgtablee seanaidstiye beatemcdl inl thel uptetiredenosatd/ag thdhe
conductive material into the aperture and in at |east sone of the plurality
of deprdspEmsEnss 19%he AcBergeie of YEipsy eskilhim Fgvarhy il afsorgeognaza theh thenforgpeing

apertur . i i: | i QNS i 1] .
oD iz DS bhafodifed B, OFRAESS| G AR RAGLL o i
2011/ 021208 RCTP0YSAORIQHR4 IB6Ehd he, repdeadelly urRdiekamplel tiedepiapions mQ9 ahd tleast
the third portion of the conductive material via chem cal-nmechanica

pol i shidRgtaied/18rmay RePHENSHS catingle coRtgUes dpurisin; Agshown in Figuretikh offithod
of clali ime}co\ﬁﬂgcrt §lrllcture 111 may be patterned with the depressions 109 and/or the aperture 110, as

shown in Figure 1C. In any of the foregoing embodiments, the process can further include at

least one stage of cleaning, drying, cooling, annealing, and/or other suitable stages.

[0034] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the disclosure. For example, even though
several embodiments of the processes are described above with reference to forming a
semiconductor die, certain embodiments of the processes may also be applied to a
semiconductor wafer in which a plurality of semiconductor dies may be formed. Many of the
clements of one embodiment may be combined with other embodiments in addition to or in lieu
of the elements of the other embodiments. For example, even though the depressions 109 and
the aperture 110 of Figures 1A-3D are shown as formed in two material removal stages, in
certain embodiments, these features may be patterned and formed in one single processing stage
using phase shift masks and/or other suitable techniques. Accordingly, the disclosure is not

limited except as by the appended claims.
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t he sem conductor substrate has a first substrate surface and a second
substrate surface; the dielectric has a first dielectric surface and a
second diwbeotwadze1ssurface in direct contact with the fi PST/Gsadusionissce
surface; formng the aperture includes formng an aperture open at the
first dielectric surface and extends ihro gh the dielectric and into the
sem conduct or substrate, the apertur% ﬁgvgng a depth of at |east 50 m crons
fromthe first dielectric surface and an aspect ratio of at |east 5:1;
formng the plurality of depressions includes formng a plurality of

depr esswenRmihhat extend into the dielectric fromthe first dielectric
surface, the plurality of depressions having a depth of about 0.3 to about
0.5 microns fromthe first dielectric surface; sinultaneously depositing

t he conductiyve materi,al includes plating copper jnto the. aperture and in at
| east some df t ha® Bietogfof rose e et RO Rkl amiislng a fir st
portion in tiign@Apesd UpErurd HesORethiRAdLEBP substiaRe af&PhRY$Hh 0N Jiclddfc drt e d
portion extending beyond the first dielectric surface; and the nethod
further includes scomwnidngonsubbleatstthe hpertune havipg e firgrendopenat thetietagtraeehd
copper via chem cal -mechani cal polishin nd/ or el ectrochem cal - nechani cal
pol i shi ng. pec mﬁgyﬁgam 1€ %ﬁgﬂ?TﬁﬁﬁgFein forming the aperture

i ncl udes f orgimighfurdRErdfWepreRed e thodibleb@ict i) pl ural ity of depressions.
5. The method of claim 1 wherein formng the aperture includes formng the
aperture af tsanultaneausly depasitplaue abndugtivd mdégsrab s1p dhe aperBire Tnd ahtsabiowns of
claim1l wherein HFe feqicoPguctor substrate has a first substrate surface
and a second subst¥BUEEYP Ge5 % e dielectric has a first dielectric
surface and RpsarOid Bh@l@iGt hiaterfll bf tAE Sedofld Ghd BEthc @p&LASIang th the first
substrate surFace; formng the plurality of depressions includes form ng at

| east one deyieelisg gnsageinbalbtq Hee axnwsedicendustine materedd | the degadi endngf thve
conductive naterialﬂincludes depositing the conductive material into the
aperture and t he B""&ast one depression, the introduced conductive
material having a first portion in the aperture and a second portion in the

at | east one depression; and
2. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;

the dielectric has a first dielectric surface and a second dielectric surface in direct contact
with the first substrate surface;

forming the aperture includes forming an aperture open at the first dielectric surface and
extends through the dielectric and into the semiconductor substrate, the aperture
having a depth of at least 50 microns from the first dielectric surface and an
aspect ratio of at least 5:1;

forming the plurality of depressions includes forming a plurality of depressions that
extend into the dielectric from the first dielectric surface, the plurality of
depressions having a depth of about 0.3 to about 0.5 microns from the first
dielectric surface;

simultaneously depositing the conductive material includes depositing the conductive
material into the aperture and in at least some of the plurality of depressions, the
conductive material having a first portion in the aperture, a second portion in the

depressions, and a third portion extending beyond the first dielectric surface; and
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the first and second portions of the conductive material are generally
honogeneous. 7. The nethod of claim 1l wherein the sem conductor substrate
has a firwoeubeersat e surface and a second substrate suPCRAS2010/0¢3563
dielectric has a first dielectric surface and a second dielectric surface

in direct contact with the first substrate surface; form.n lurality
of depressions ittcMied HEher Rgludes Teauvingpeleg P%Eglidowra@gﬁ%{&efg uctive

aperture; sinultaneoys)yiAeRAsi {HdAdcd DR RAMEMCioShiBt @hiAt bf%@ﬂr?%%ﬁncal-
depositing the conductive material 1nto the aperture and the at ast one

depressi on, the intr othchadcdgolsiotg.ve material having a first portion in
the aperture and a second portion in the at | east one depression; and the
first and second portions of the conductive material are generally

conti guous. $. hﬁlerFﬁétHQ&i?Péla&{ plyekiyherein the sem conductor substrate

has a first substrate surface and a second substrate surface; the
di el ectri c hhssanitondictodisebseaterlias adirstfsaberaanshrfacs emdmsleodnélsmstmiecsusfacra‘ ace

in direct copntact with t rst substrat ce; farmng the plurality
of depr essi ohe deleeltics qﬁﬁ%ﬁlﬂ@ﬁ&f Spigagstan, ﬁée%‘gr‘ﬁ%lg?tﬁﬁ Sl ib girppigontact
aperture; sinultapaows!ifsdgpasid éd?glcg he conductive material includes

depositing the conductive material into the aperture and the at |east one
depr essi on, foheingnhe qzbn@e&jmcbmiduﬁirmu@ amap@rtusd ofeanat Hg farst dickttripoutfacmaridn

(e PErLUTe and 8 SaEane OLLLED, L0 81 RSl SRR SRl gL
physi cal boundar Mlabﬁltgv‘@%@ptﬁa&hatokﬁ 150 mirodd GofiHROGksOhickcaidTykravbenal i
aspect ratio of at least 5:1;
forming the plurality of depressions includes forming a plurality of depressions that
extend into the dielectric from the first diclectric surface, the plurality of
depressions having a depth of about 0.3 to about 0.5 microns from the first
dielectric surface;
simultaneously depositing the conductive material includes plating copper into the
aperture and in at least some of the plurality of depressions, the copper having a
first portion in the aperture, a second portion in the depressions, and a third
portion extending beyond the first dielectric surface; and
the method further includes removing at least the third portion of the introduced copper

via chemical-mechanical polishing and/or electrochemical-mechanical polishing.

4. The method of claim 1 wherein forming the aperture includes forming the

aperture before forming the plurality of depressions.

5. The method of claim 1 wherein forming the aperture includes forming the

aperture after forming the plurality of depressions.

6. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;
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t he sem conductor substrate has a first substrate surface and a second
substrate surface; the dielectric has a first dielectric surface and a
second diwbeotwa2e1sgurface in direct contact with the fi PST/USadoionisce
surface; the nethod further includes formng an interconnect structure open

to both at |east one of the depressiaons and the aperture; _sinultaneously
deposi ti ng ttﬁ%alék?ﬁmfcw@ﬁ}ﬁt&ﬁ@??tap Sprkeqe i §‘S&%@s‘ﬁ?lFﬁ&Ctsﬁféact?dﬁéﬁé‘{tic\%ta“

material into the,apgltitbiQubdth® alrkeast one depression, and the
i nterconnect structure, the Introduced conductive material having a first

portion in tthemapehd pluelitypofdapoerdiops irtchales forntig atdltadt @as Hepoesiaegreess ithen,
and a third portion_ in the interconnect structure; and the first, second,
and third portiof®°%¥C he conductive material do not include a physical

boundary bets‘fﬁﬁl@a&ﬂ@sl?e’a@%&%ng 4R cotagedRt hagral i @ed dbpdietEL e Ecgtfﬁuctive

sem conduct or substra as a first substrate surface and a secon
substrat e surfacenattha diteltbetapegutzagnd the rat ledstebec tdepesson,f thee ingmdueed
second dielectric shlrface in.direct contact. with the first substrate

surface; the met FOBIYGHE Al bpyigge st PRTHYN Yhihe #PEES ARE dcnd RN pen

to both at |east png 19fst bheddrsrasians and the aperture; sinultaneously
depositing the conductive material includes depositing the conductive

mat eri al i nttbe fits¢ ampeacoud portiheofathe bembictivnmattepl @'s gewarallyanamogeacous.
i nterconnect structure, the introduced conductive material having a first
portion in the aperture, a second portion in the at |east one depression,

and a third portigp hanbderdinhLel GeRReet structure; and the first, second,
and third portions of the conductive material are contiguous. 11. The

met hod of clth¢ santicowrceir subshretedeniadustdubstote sulist pad esdvasd aulfsimistsusfabrst r at e
R & TSI SRR ATEE .
the first substratign Serfr@G8bstrate surface;
forming the plurality of depressions includes forming at least one depression open to the
aperture;
simultaneously depositing the conductive material includes depositing the conductive
material into the aperture and the at least one depression, the introduced
conductive material having a first portion in the aperture and a second portion in
the at least one depression; and

the first and second portions of the conductive material are generally contiguous.

8. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;

the dielectric has a first dielectric surface and a second dielectric surface in direct contact
with the first substrate surface;

forming the plurality of depressions includes forming at least one depression open to the
aperture;

simultaneously depositing the conductive material includes depositing the conductive
material into the aperture and the at least one depression, the introduced
conductive material having a first portion in the aperture and a second portion in

the at least one depression; and
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si mul t aneously depositing the conductive material includes depositing the
conductive material into the aperture and at | east sone of the plurality of
depr essi owe®,20t1e2i8nt r oduced conductive material havi ng &CTiussa10pe3s63 on i n
the aperture, a second portion in the depressions, and a third portion

extending b the first dielectric surface, and.the netho urt

i ncl udes: &?4? 3?%@114 secoddrperbRiuet die Sambich; anatsiigd f%ﬁeb.lrfg 4%@ Rnwwal
portion of the i material until the first dielectric
surface is exposer}%hﬁ%g;%gtﬁgg%&g ‘claim 1 wherein the seniconduct or

substrate has a first substrate surface and a second substrate surface; the
dielectric gﬂs a first qie}ﬁctrlc surface and a second dielectric surface
in direct cohtactThEethedel ¢lpipyt WGk rate surface: sinul taneously

deposi ting the GORMMGLIY Sy I%Waf'er Ha@la ArQShibYR%: ﬁ{rﬂ‘dé 5@&‘?9&%11? &ﬁﬁ@t%‘shﬁﬂ .the

conductive material 1ntot aperture an east sonme o e plura |ty of
depreSS|onsxhﬁhgkmnkﬂﬂdmdhdchdnducEmﬁmemmﬂemeahﬂhﬁdbﬁgcamﬁumsndpanmnmmw n
the aperture, a seco ort on in &Qe depressions, and a third portion

ext endi ng beyond Yife R‘Ff{}%ttsu HEAGWHCE surface; and the nethod further

i ncludes: pa}é fRimd ﬂlﬂﬁerﬁﬁﬁhﬁé@qg&%gﬁn %HQ%Bﬁ&Tc‘?stchﬁHPK &Qtotﬂbﬁl LNkdsdo OB 1 ON

of the introduced conductive materi until the first dielectric surface is

exposed; and reduhedqnammmshn@ﬂmdmshmmg the first portion of the conductive

material in s&rﬂglta%eoustly depositing the conductive material includes depositing the conductive
material into the aperture, the at least one depression, and the interconnect
structure, the introduced conductive material having a first portion in the
aperture, a second portion in the at least one depression, and a third portion in the
interconnect structure; and

the first, second, and third portions of the conductive material do not include a physical

boundary between one another.

10. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;

the dielectric has a first dielectric surface and a second dielectric surface in direct contact
with the first substrate surface;

the method further includes forming an interconnect structure open to both at least one of
the depressions and the aperture;

simultaneously depositing the conductive material includes depositing the conductive
material into the aperture, the at least one depression, and the interconnect
structure, the introduced conductive material having a first portion in the
aperture, a second portion in the at least one depression, and a third portion in the
interconnect structure; and

the first, second, and third portions of the conductive material are contiguous.

11. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;
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WO 2011/ 022180PCT/ US2010/ 043563 13. A method for processing a

sem conduct or wafer, the sem conductor wafer including a substrate with a
first subsorati2sisnf ace and a second substrate surface, PCiiaSg@wiogzsnziuct or
wafer also including a dielectric with a first dielectric surface and a
second diele trJ surface i rect onta t wt e first substrate

surf ace, Hicdsp i %gemﬂaéﬂﬁ aéﬁ%%dtpf Qeﬁ&w@ao&ﬁn égsﬁ Bt
t he flrst d|eIect&ﬁgﬂéqﬁ&qﬁgﬁﬁ@gﬁgﬁﬁgosed end in the substrate toward the
second substrate surface; formng a depression in the dielectric, the
depressi on emhemuj]enqpljoeibpmg He ¢andsttivdi miatecikl inchsles fdapesitanmd tlteheomlacimsmd

dielectric surface; filli he depressi.on and at. | east .a partion.of the
aperture with a B e o PR ig s oy Agne %F%%E@%%lmg o gpyssigfvg the
removing nat eri alinfb RXed REnARAPD IR HaBh® asﬁ'fsftgﬁ)?tlcﬁlf it 1€ @aﬁﬁﬁef A i
t hereby exposing a portion of the conductive material proxinate the closed
end of the apertqmmﬁml1n‘me$ﬁmn$hennemhbd/dﬁnhmaﬁmm18MMmhngﬂnwbmdnh@gﬁ$he

aperture |nclude atte |ng t he sem conductor wafer with a first
phot or esi st mat erdigFetif sty drat eri al from the patterned seni conduct or

waf er; renD%h@gmHﬂ@iﬁﬁﬁéﬁn&ﬂ&%OFESISt material; and depositing an
|nsulat|on material in the aperture and on the first dielectric surface of

the dielectric. polishingthe semiconductor substrate; and
removing the third portion of the introduced conductive material until the first

dielectric surface is exposed.

12. The method of claim 1 wherein

the semiconductor substrate has a first substrate surface and a second substrate surface;

the dielectric has a first dielectric surface and a second dielectric surface in direct contact
with the first substrate surface;

simultaneously depositing the conductive material includes simultaneously depositing
the conductive material into the aperture and at least some of the plurality of
depressions, the introduced conductive material having a first portion in the
aperture, a second portion in the depressions, and a third portion extending
beyond the first dielectric surface; and

the method further includes:
polishing the semiconductor substrate;
removing the third portion of the introduced conductive material until the first

dielectric surface is exposed; and

reducing a risk of dishing the first portion of the conductive material in the

aperture.
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15. The method of claim 13 wherein: formng the aperture includes
depositing an insulation nmaterial on the sem conductor wafer, the

i nsul ati omorzatigmewh having a first portion in the apert ace/tsaadonszsezond
portion on the first dielectric surface of the dielectric. 16. The

met hod of claim 13 wherein form ng the depression includes for

depr essi on ﬂ%at é&ﬂ@ﬁggg'ﬂ?deﬁﬁs ge?é%?yﬁﬁﬁFqB%ﬂWﬁ@'ﬂF?§?nHWE£%@g?rW?&T
surfacqnagdlﬁ%dépstules@ite abpita Gird (@hsRRRUEPaR MR 0@écomombfsﬂ§tef éLEPdtce the
dielectric surface. WO 2011/022180PCT/U82010/043563

of cl aisemi®ndhaoewafdridlid nglidieg degiclestsicowitlaradfitshelidperit tsur:faw ariad tahsecond

conductj.ve mater.i al. includes plating.the conduc ive material into the
depr es<HFRCHASUHEHE 1%6EF‘Et&P’éta9&p Wﬁbw%rmsalﬁmﬁ? FHytag ?&E%g@ﬁw& coppyang:

18. The net r}gf}m‘ﬁg afila g&t ré:ﬁamgraﬁ'o'ﬁen thd th' M8 fi Eﬁ%éﬂ&%@&ﬁfé&@ aANd Idied eRemt ure

wi th the conductive erial includes plating the conductive material into
t he depression anUemﬂmnamQGWMﬂehmmmhmMmﬂmmMEﬁwémmng processi ng stages, the

conducti ve terial nclud p ion exte din beyond.the first
Getectric Jartiset demsvenod: fis ThlsoBo, S deor g Sbhaine Puschirby
that extends beyqpdcdiRe sﬁt‘fe[o%tang'ﬂ?el RebAd FicRMELAGRace; 19. The net hod of
claim 13, further conprising attaching a sol der ball to the exposed
conductive dﬂhegﬂakmpﬁmxomaméamnﬁt@mosEMLéMMquﬂuhewmmepOMheﬁvenmwﬁaﬁma/A

devi ce, conprisin a _sem conduct or substrate having a first substrate
surface and a secHif RPSSIES ggd? a dielectric on the seniconductor

substrate, thgoding! RGkthC fRAYIRI s@ccfddr %bsﬂht%' Q&TCk CofSHI! @fRtrate and thereby
exposing a portion of the conductive material proximate the closed end of the

aperture.

14.  The method of claim 13 wherein forming the aperture includes:

patterning the semiconductor wafer with a first photoresist material;

removing material from the patterned semiconductor wafer;

removing the first photoresist material; and

depositing an insulation material in the aperture and on the first dielectric surface of the

dielectric.

15.  The method of claim 13 wherein:
forming the aperture includes depositing an insulation material on the semiconductor
wafer, the insulation material having a first portion in the aperture and a second

portion on the first dielectric surface of the dielectric.
16.  The method of claim 13 wherein forming the depression includes forming a

depression that extends into the dielectric from the first dielectric surface to a depth of about 0.3

to about 0.5 microns from the first dielectric surface.
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and a second dielectric surface, wherein the second dielectric surface is
in direct contact with the first substrate surface; a depression in the
di el ectriwQ 2an/e@pspt ure through the dielectric and at | eastusaoipouisedn of

t he sem conduct or substrate and a conductive material having a first

portion in the d essi nd a cond p njn the aperture, wherein the
first and se](,jondeﬁ}?rpfl? 0 oflaimhd S curdrie e Mt dsprearion aBe fsr4Rstuic h e

si ngl e PLAGESS 'nw AqGu RN tatﬂhg@ﬁe &)naaawefﬂl&eﬁa PR thd & 105%%%19@%@%

mat eri al extends etmeen t rst and second portions.

devi ce withavk &iterv@@ngherceismg sdpes.depr essi on ext ends between the first
dielectric surface and the second dielectric surface; the aperture extends
fromthe first dielectric surface to the second substrate surface; and the

first and segond pRrhiRes.Ll.he: GaRdyctive material are generally

honbgeneous.
filling the depression and the aperture with the conductive material includes plating the

conductive material into the depression and the aperture without intervening
processing stages, the conductive material including a portion extending beyond
the first dielectric surface; and

removing the portion of the conductive material that extends beyond the first dielectric

surface.

19.  The method of claim 13, further comprising attaching a solder ball to the exposed

conductive material proximate the closed end of the aperture.

20. A device, comprising:

a semiconductor substrate having a first substrate surface and a second substrate surface;

a dielectric on the semiconductor substrate, the dielectric having a first dielectric surface
and a second dielectric surface, wherein the second dielectric surface is in direct
contact with the first substrate surface;

a depression in the dielectric;

an aperture through the dielectric and at least a portion of the semiconductor substrate;
and

a conductive material having a first portion in the depression and a second portion in the
aperture, wherein the first and second portions of the conductive material are
formed in one single processing stage such that a sacrificial portion of the

conductive material extends between the first and second portions.

21. The device of claim 20 wherein:
the depression extends between the first dielectric surface and the second dielectric
surface;

the aperture extends from the first dielectric surface to the second substrate surface; and
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the first and second portions of the conductive material are generally homogeneous.
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