WO 2007/ 092176PCT/ US2007/ 002150 - 1 - TITLE OF THE | NVENTI ON. METHODS FOR
FABRI CATI NG AND FI LLI NG CONDUCTI VE V1AS AND CONDUCTI VE VI AS SO FORMED . 5
TECHNI CALwB 26874992176 Field of the Invention: The presertTiuss@ntbpnso r el at es
generally to techniques for form ng conductive vias of sem conductor device
conponents and, nore specifically, 10to conductive via-form ng techni ques
in which conductive material is selectively deposited on the surfaces of a
via hol e without being deposited on the major surfaces of the sem conductor
devi ce component through which the via extends. The present invention also
relates to conductive vias with selectively deposited conductive |ayers, as

well as to sem conductor devi %%E:@g%?h]y%ﬂ | ude the conducti ve vi as

and 15sem conduct or devi ce asse udé the seni conductor device

conponents. B I . .V&a(, el trends
of ever-decr eaglii%@@w%ngﬁg;]%P%%‘qﬁg?A% Eﬁfgﬁﬁmﬁgp@e ec%%ni Cs
i ndustry have driven a ne‘é‘ § 1\92 - ﬂ’?l;g?‘%s : 12: evices, sem conductor
devi ce”assenbl i es, and sem conductor devi ce packages of ever-decreasing
size and ever-increasing feature _density. proach that has been taken
to facilitate these trends has bJ@FIEiBﬁ%'ﬁ‘@@“ﬂany el ectrical connections
bet ween conponefiefi &SthPeSnBbe: The %ré}leﬂteiﬂvéﬂm#meldﬂés genealllyas tedh@iqued foral ea.
Thi s approach is applicable to both adjacent conmponents_and non-adj acent

conponent SorpBEmraduetixcevies afserucendystn dgyics cPpePes ded-aneesPreralbat hways
bet weqp Cqmgﬁﬁ\gﬁtgzgjt\h@%ﬁ{iﬁ%?ééﬂﬁirq'ugpQrg\‘%gichecloﬂabé{ﬁ/e_trﬁat@ﬂ;ﬁ id0atfelely but that

are not dire acent to each other. A conductive via, which may be
formed t hrdepgbited-oi theutfaprsaf @, viaholenwshpudsing dapogiteskar he merier Brfagevele,

provi des such_an. el rj Py}@ %ﬂg’uf’ ] LAS oAl b YrdBgd ude a
hol e for rrestggts%'?%ct?aﬁgéhrebésﬁ Yst T e, X%ttr]\’ I uéitcl)é.\?]éé/g%ﬁx?\%ﬁg, ?’H’tr%e Ssubstrate
is forned ihverma dsniadaadwatondectore anwitbiseleetinely epaglited gnuiductive dadust | ve
el enent that sses through the .opening a L C By, i y

i sol ated % ﬁ%“’ﬁ?ﬁ&?’&?‘é‘%?ev&y 08?“1)? ﬂeelﬂgﬁhsulmac?lf Ve ?ﬁ?@ﬁﬁg%ia\%ﬂ%h nost

f eat ungs ofensiesadietdtdelRe as@viibdes that eclddembrsemitondiictbhéewier camporenesrent s

of conductive vias also Continue to decrease. '

A BACKGROUND
Background of Related Art: The parallel trends of ever-decreasing size and
evér—increasing ability. in the electronics industry have drivrén a need for, semicénductor )

20' devices, semiconductor device assemblies, and semiconductor device backages 6f
ever—decreasin g size and ever-increasing feature density. One approach that has been |
taken to facilitate these trends has been to make as many electrical connections between
components as possible' in a given amount of “real estate,” or area. This approach is
épplicable' to both adjacent components and non-adjacent components.

25 Conductive vias have been used to provide electrical pathways between
components that are superimposed relative to one another, but that are not directly
adjacent to each other. A conductive via, which may be forméd through a circuit board,
an interpdser, or a semiconductor device, pr_ovi.de's‘ such an electrical pathway. ’
Conductive; vias typically include a hole formed through the substrate, an insulative

30 lining, if the substrate is formed from a semiconductive or condhqtiye material, and a
‘conductive element that passes through the opening and which méy. be electrically -
isoléte;d from the substrate by way of the insulative lining. As with most features of
.semicohductor devices, the dimensions of the various elements of conductive vias also

continue to decrease.



WD 2007/ 092176PCT/ US2007/ 002150 Patent 6,841,883 to Famworth et
al. (hereinafter "Farnworth") describes exenplary processes for formng
conduct i weowb@moiveough sem conduct or devi ce struct urespcirnuseannernso
state-of-the-art processes for fabricating conductive vias, via holes are
lined with rnaterialswth [ ow dielectric constants, such as paryl ene and
the 5fl uoropol ymer resins (including, hyt. not limted to,

pol yt etrafl uoroet hyl ene ("PTFE"), fluorinated ethyl enepropyl ene (' PEP"),
et hyl ene-tetrafl uoroethylene ("ETFE"), chlorotrifluoroethylene ("CIFE"),
and perfl uoroal koxyal kane ("PFA"), which are marketed by R . du Pont de

Nerour s and CoariF’.%r.‘i‘at‘éHg&%zti,%gB E% PEGIREh el BEldDeinaker ffbatrri%ﬁﬁ”)t&%&%@snd

simlar materials nay -be . use formvery thin insulative coatings 10on

t he surf acsemglary procasies §or fiohmingdwndueti vedtiay dirorgh semjcondaicipgderical s (e. g.
silicon) of many substrates throu ' ' | : ry;iko the
conduct i véS[rPrca'fJ(raér/Si zPls%u{Lrﬁ‘gtts‘%%reé)l?stﬁ%gQ&%@ﬁg ;@ﬁ{a@% g%réggéﬁlrﬁlpgﬁ\f eagivzi%tl holes to
f orm an elheddsrare Hhéd/ withndatetialy avith law-dhkectroveoadtess, suchals paodénedirel thet ri ¢

mat eri al s, as |1 the, potentjal .for sal | gnnent n | t.i pl ks are
leed 13 1 Siranpet SR st ppehocunted 6 PR e bRk CpARRCE
conduct i velurikafdGik flendpubsilénd EFERTR egiyloifeietiafitiGrocdnibue (FVEFIHa ext ends.
In addition, sone-of the processes that _are currently u§ed to fabricate

conduct i vehlaragifijosogthsne Chidy i 3 Rerfueroalkoxyalkang GPEAG). WhiEh gffent t hat

is not w dgh¥edaed N &OPbr QRASISUrs 88Y Compaahaat he kSRR TSR ONP).are
ot herwi se undesirable. 20 Accordingly, there are needs for processes for

f abri cat i nylteaghubeseviadsimiangatsrigls anay by viendo de¥m ypivehl igptlatiyricoatings
capabijpi ti ' VYR, & SRERNINE [ Pfhe FRULEAs (AP 1iGBAUT
technilgueso?ﬁB%g@fgcﬁe%%vO: I'NVE I_C]\In 25The - present i nventisgngpl ncl udes a
vari ety ofmagpebstates thrbugh wbichi vig helss dreciormed e ssthelepodiiiiva maiprals thas, as
wel | as ‘sem ct dey] s Lnelddi . [ as, the
Conduct i varby Ae ety L EGTABIRE PR RIENG A I AN IR GED
one or nore conticlowadhasam df sothudietecirie mategiabmes welline potentzal ot es. The vi a
hol es may extend fully or partially thro a substrat sych as_30 a

sem condudPBf 1%rggf'§e‘f'l¥eélr"fn}]ﬁfpi:er5’3§kesrﬁm BFECE%{;%PH&“@ ﬁ%%\éﬁﬁ%&@ﬁl 6’5]63 Doy fesult

st ruct1gr e.inFhertitigbehobasa sandubtivd olamnd thé sdbsarat thedughveskh theldontinaiveng t he
potential for msalignnment between different sections of a via hole, which
are formed'®R¥EHGh | ayers of different :

In addition, some of the processes that are currently used to fabricate conductive
vias are c'omplex, require expensive materials or equipment that is not widely used in
semiconductor device fabrication processes, or are otherwise undesirable.

20 Accordingly, there are needs for processés for fabricating conductive vias with
state-of-the-art dimensions and capabilities while employing common semiconductor

device fabrication techniques.

DISCLOSURE OF INVENTION
25 The present invention includes a variety of aspects for fabricating conductive
vias through a substrate, as well as semiconductor device components including the
conductive vias, the conductive vias, and intermediate structures. .
A method for forming one or more conductive vias includes fofming one or
more via holes. The via holes may extend fully or partially through a substrate, such as
30 asemiconductor device, an interposer, or another semiconductor device structure. The
via holes may be formed with a single mask, eliminating the potential for misalignment

between different sections of a via h‘olé, which are formed through layers of different



WO 2007/ 092176PCT/ US2007/ 002150 materi als. The via holes may be formed or
subsequent|ly processed in such a way as to facilitate adhesion of materials
t hat are wohseguerrsly i ntroduced therein to the surfacegcrhse@ofoSseh
processi ng may include providing via hole surfaces with roughened features
or other features that enhance the surface areas thereof. 5Alternatively,
such processing may include the formatign of idielectric coating that

i ncl udes one or nore thins that inprove adhesion of a material having a | ow
dielectric constant to one or both of the material at the surfaces of the
via holes and the conductive material that will subsequently be introduced
into the vi T ri as
o't o il T J0L ShEGHE ARl SR IRA R pIRLIE] R SHERaT Y, o5
t hereby r efdutitangadﬂeelopaifemateahls ftloat asd seﬂ:»‘sa:qucatly sitorduicad) theetinte thegsurfaces
subsequent]y fabricated conductive via and the t al of the substrate

T hr ough- wHNEROL NRCBGHASE PEQIo B OFErRIBImA TR GE Groprs iR T
material meypuik o8 oftfer FautnRe deit@hhire tlseblsflfrﬁ{&e&r@fs eaedf. via hole. By way of

exanpl e only, the barrier naterial, may prev fnterdlff si.on between a
conducfi ve mat eN@F‘ataYdeatWéhr?é‘P‘?ﬁlég"@fylﬁﬂu ‘h Sfmgonph figlEehic eratinge

substrate J.Bgtrlﬁ&lgaes"m{ec& ﬁl&% fiiinds S ith RSV LNIBsioRRRAUSAEMR HIRIY 4 Rhw MRy be

introduced into the via by a.variety of gﬁocesses For ~exanpl e, a seed

mat eri al cheletng cgnst@rntﬁerorreb&@th afyibe mayial gethesipaeesafdhe vie holescnddhe
patterned o?xd&&[(%\e/rg?t%ggggthr ay g@ds%@e%w@%@éw&ed ESGIRDFialo1d.

20sem conduct or ucture he naj or surfaces of the
sem conduct or dﬁhﬂ dielestricicnating)maylbefosmed imaucdrd why patd ¢itend enfogsledee pfe
gr owt

surfa gs Oz? l?n d tgat lﬁoiggtm us%:tkpg §1ar}§3ﬁe tﬂ&@ﬁdg' Pé?l%l:m%'{ﬁg 8@1’%1192(1% the

€ Seed materiral toating covers only
desired poafléatﬂaﬂ sbértmgsbe:mwmnalsndisequamdwfalm@lterdmmduemv& Yie apd tishnmiievigl of

mat eri al e sel ct e rod in he_via hol es and over. -

any: ot her n@é&@%ﬁ F% ‘?’%Wéq% Cté errY‘@ Efr@?or ‘device structure (e.g.,
On a bond pad thn@y@r@r\ﬂmpdmﬁmemh\tehel sy eRddedotned dverdhs alrfdcheof each
conductive-via W] nlc urther, nore co Ietefllllng of

the via hoYiabRigy lWl‘é(r"}y eé?:‘@Bf?p‘%‘}]%'H]éﬁbW’Fﬁ”ﬁ“qfﬁl P BEEYE Antprditfpsion i Feq

the sursf acger@bert DEoSRRAVE hhat&riMiadd ARy mBRriaPeear inysiativé &dsmm@e)r@f I e
features of the sem conductor device conponent. 300nce a conductive via

has been fuwbsisdiethronsk sidehte ¥ip bplecgig@ftngs of the present inventi-on,
conductive mat e&bﬂéncﬁ&e%ﬁeﬁh‘rﬂﬁ‘y Be irﬁxlodﬁfieci ko bﬂeazxk'ﬁbfé Wvarlddyiss at the

blind end of the conductive via,” my be exposed by renmoving naterial from
t he processes. For example, a seed material coating or other “base layer” may be formed

and if necessary, patterned to remove seed material from undesired reglons of a

20 semlconductor device structure (e g., the major surfaces of the semiconductor device.
structure). The seed material facilitates selective growth of conductive material at
desired locations, such as over the surfaces of each via hole. Thus, once the seed
material coating cdvers only desired pqrtions of a semiconductor device struciupe, the
conductive material may be seléctively introduced into the via holes and over any other

25  desired locations of the semiconductor device structure (e. g.', on a bond pad through
which a via hole extends and with which the conductive via will communicate). '

Fﬁrt_her, more complete fiiling of the via hole may then be accomplished with a
filler material. If desired, the surface of the conduétive via may:be made flush with one
or more features of thé semiconductor device component. .
- 30 ~ Once a conductive via has been formed in accordance thh teachmgs of the

present invention, conductive material at the bImd end of the via holé gnd, thus, at the

blind end of the conductive via, may be exposed by removing material from tl}e



WO 2007/ 092176PCT/ US2007/ 002150 backsi de of the substrate. The

sem conduct or devi ce conponent may then be assenbled with and electrically
connect edwboeme2o6 nor e ot her sem conduct or devi ces i npamyussaiehibe
manner . O her features and advantages of the present invention

wi || becone apparent to 5those of ordinary skill in the art through

consi deration of the ensuing descriptiar.the acconpanying draw ngs, and

t he appended cl ai ns. BRI EF DESCRI PTI ON OF DRAW NGS In the

drawi ngs, which depict exenplary enbodi nents of various aspects of the
10present invention: FIGS. 1 through 3 illustrate an exanple of a

techni que \f ipfié{féh@gu@s%kn%l L ggrgﬁ%ﬁm&vdewe% Aottt ifthbe ~ FICS

1, 2, and A°Gepi an.exa rocess for formng a-via hole

conpl et el yastdmilslad vith sdied¢atacadly dBBEGE] tGommor Bortephert seancendhepiraleyices
process far passivating surfaces of a via hole; FIGS. .7 and 8 show
fabricatidﬂagys‘é“%i?ma ®t ayer over surfaces of a'via hole; FIGS. 9 arid 10

illustrate the Ggleffdanads andladpintapeabf prtpresent hyenforawslébecom syjasdnteoat i ng
over surfaces of a via_ hole; 20FIG 11 re%res,ent ?}?ositi on of a

) sel ective d
conducdi vehpssyefrordipary kil i thearbihrousgh congigiegation of the CEPES, ‘?ef? b 14

i | l'ust r at e, @HmBXATRE BraWings, 86 M gyRnléBtlaRAR! Oys nonsel ective deposition
processes to form a conductive | ayer over the surfaces of a via hole;

25FI G 15 is a representation of a sem conductor device structure that
includes an electrically coRfe HRSSRPAIGRIOPDEAWINGHt fil mover at |east

a portion of a barrier |ayer, seed material coating, or conductive |ayer
that extends oniuhedporidgparhich depiet xmidanydueaskimeess iof ¥ ageysaspaete of the
0L BT S 20y prosess for L) g 2 vold that ferains
and 18 show anoFIGS. lechamqphed Glustraterancassipteoof o tebhiinge foroimdingheatia heleai ns
within a V;i)a%tizlﬁ?)lr &rg\{';gttxha gub(g'{rgtle;ect ric filler material;
' FIGS. 1, 2, and 4 depict an example of a process for forming a via hple .A
completely through a substrate; - R | '

15 ~ FIGS. 5 and 6 depict an example of a ﬁrocess for bassivating surfaces of a via
hole; : ' ) 3 R -

.FIGS. 7 and 8 show fabrication of a barrier layer over surfaces of a via hole;
FIGS. 9 anid 10 illuétratc the formation and optional patterning of a seed
material coating over surfaces of a via-hole; ‘ |

20 FIG. 11 represents sele.ctive deposition of a conductive layer over surfaces of a
via hole; . . _ '

FIGS. 12 through 14 illustrate an éxémple of a technique that employs
. nonselective deposition processes to form a conductive layer over the surfaces of a via
hole; - . ‘

25 FIG.15isa representgtion pf .a semiconductor device structure that includes an
electrically; conductive, oxidation-resistant film over at least a'portion of a barrier layer,
seed material coating, or conductive layer that extends onto a bond paci of the
semiconductor device structure;

- FIG. 16 i]lustrat.es an exemplary process for filling a void that remains withina

30  via hole with a dielectric filler material; - '

FIGS: 17 and 18 show another example of a process for filling a void that

remains within a via hole with a dielectric filler material;



WO 2007/ 092176PCT/ US2007/ 002150 - 5 - FIG 19 is a depiction of a
void in a via hole that has been filled with a conductive materi al;

FIG 20 iwbusiwates renoval of material froth the back ecdasefo7mormsbstrate
to expose conductive |ayers at or near a blind end of a via hole; .. 5FIGS.
21 through 24 are cross-sectional representations show ng acts in an

exanpl e of a process for forrning a via hole and coating, or passivating,
surfaces of the Via hole with dielectric material; FI GS. 25 through
27 illustrate exanples of the deposition and pattem ng of a seed materi al
coating over surfaces of a via hole; 10FIGS. 28 through 34 are

cross-sectional resent at j.ons.of anot her .e l.e qf a cess fof “form ng
a via hole and ﬁ&gﬁgﬁﬁagﬁp? 81é§’f8fvofcﬂlé' 374 hﬁio(ﬁ%ggtv&‘zls%ea?gﬁggtwlﬁ%anat erial:
FI G. 35 dephab@ivehfatkaalati on of one or nore conductive |ayers and

underlying | ayers qver the surfaces_ of the_via hole sho in FIGS. 28
t hrough 34; 15A7KEs 203Busirdesyemoyahelmatssnl framdhe Pk %18?}3@? ?'gl?ftr&fem gh

surface argaofL@ndubive RYEH afdr hOHGHIBRSerldFaWigBoledN the surface of a via
hol e to enhance adhesi.on of materials thereto, and the subsequent fornmation

of a dfel ectri cFIGS @ thipugh2hare crsseftioaebeRFEaNatiersatovins 8¢ iR PR hol e;
FIGS. 38t gﬁg@ 2 ' Aqther ] ; heg a
via 20 hOIeg(Edl aoéiﬁ%dggﬁﬁhgtﬁ%ﬁngggi ce Osltg )rég‘?:r'?hfuer%f OﬁpHS%Eﬁésgﬁ%géfﬁ%ugh 46
are cr oss-Waboleowish diedgptieomateaialions of "an eianpl & of a process for formng

a copper _conducﬁ'd@' .i\ﬁitgrow h@fhl? ty:itéebﬂjnﬁl;es of the de E%ig’(mﬂd gtpérﬁ ofa .
i ntroduction of adle|eCt'fgICfl fer |ntoav0|§tﬁa renalhs Wtimn a via
hol e f ol | ceedndtaial icoatingoversudacsroduactia heleyi a; 25FI GS. 48 .and 49 show.

anot h exenpl aLy., brQcess r, fabricatin [oe) r..conductive vi ithin a
Ura haPe: P AR REG e i AsS et el s RRPRA T Sl ket e
i |1 ustrat epracese fanr@irgf a siafiodeasscdaingfsalfacasalfitngvia holewith didacdct i ve vi a
within a via ho|e; o . FIGS. 54 through 56 depict another exenplary
process ‘f PRI ng a ni ekel' 30conductive via within a via hole; °

FIG. 35 depicts the formation of one or more conductive layers and underlying ‘
iayers over the surfaces of the via hole shown in FIGS. 28 through 34;'

15 _i:IGS. 36 and 37 respectively show the formation of high surface area features,
such as roughness featufes, on the surface of a via hole to enhance adhesion of
materials thereto, and the subsequent formation of a dielectric layer over the high'
surface area surface of the via hole;. o -

FIGS.. 38 through 42 illustrate another example of a process for forming a via

20 hd]e 1n a sér‘niconduct_or device structure; ) o

FIGS. 43 through 46 are cross-sectional r;:présentations of an e)éémple ofa
brocess for forming a copper conductive via within a via hole; .

FIG. 47 def)icts introduction of a dielectric filler into a void that remaihs_within
a via hole following fabrication of a co.nduc_tive via; _

25 FIGS. 48 and 49 shov(’i another exemplary process for fab;icating a copper
conductive via within a via hole; ’ ' ‘ '

: FiGS. 50 through 53 are écﬁematic representations that illustrate an example of .
a process for fabricating a nickel conductive via within avia hoje; .
FIGS. 54 thrdl;gh 56 depict another exemplary process.'for‘.fonning a nickel

- 30  conductive via within a via hole;



WO 2007/ 092176PCT/ US2007/ 002150 FIG 57 shows exanpl es of processes
for exposing a blind end of a blind via hole and i ntroduci ng conductive
filler mawvenb@oserso a void that remains within a via heceusedlrovtisg
fabrication of a conductive via; FIG 58 is a cross-sectional
re-presentation show ng a conductive structure that is 5secured a
conductive via at the back side of a seniconductor device structure; and
FIG 59 is a schematic representation of ‘an assenbly that includes a

sem conduct or device structure that incorpordates teachings of the present
i nventi on. MODE(S) FOR CARRYI NG ClJT THE | NVENT/ ON 10A seni conduct or devi ce

structure 10 a tothe ent invention. may i on,
conprise a semﬂggﬁmg‘élf%‘ Y S(fé‘\ﬁﬁng proces%fs B exPos}d’@vai bcl\éth Slich faa%hré& d'ynam o
random acaggs amtmmdu(:m@%wﬂl)cm&tfalermmmﬂddmméshmmams WisRAMvia fl ash

menory, ele trlcally asable rogrammabl.e menory ("EEPROM'), nagnetic
random ac HRGG febrmi‘%ﬂﬁ’ﬁ‘)’f g‘gucné(erﬁ‘%roprocessor a mcrocontroller;

an 15i magi ng dem@ess Bla RO%- sQEth&{al tatREseRitatbANThe ANtIE ESidudave 6RlctuRNaLIier
el ectroni c conponent that may be fabricated by sem conductor device

fabri cdt i ocersdgapdustiveoyia gt dighack sidg of @, ssmlcqﬁuplmf gpyise structgreg ppd yj ¢
board, etc.). giG, 59 RS, &hgnatk wgké&éﬁ{a%%f afl a&%mb@fﬁﬁk‘ lcPiaedqVi ce

structure 10 accor Ing to e préesent 1 nvention includes a substrate 12

wi th an- actemieominciaraisvics sanetuge thatlnceingeategteachingpokihe @résepningentione
surface 14.- Substrate 12 may.conprise a full or partial wafer of .

sem conductor material (e.g., silicon, galliumarsenide, indium phosphide,
etc.), a sem conductoM@DE(&)sEDRt@ARRﬁGG)DWIJﬂ“éIEINMEMﬂ@Ne g., -

o Lo 1555 508 b kSISO AR o A LhefBa AR o™ ©

pol yner, reghout I@hlatiomconptiad a Sd:tbﬁ:bhd]hclﬁor W@Mt@my device sush lasuat ure
R T N G R AT M
i nvention f@h Memety,etdcatcalll-driblefmbefant vk méoryWBEEPREOATE maghétior to
separation o addcam Cofpcq&eﬁ‘kﬁa’%fe‘%ﬂ" S icoprockesor & microcontrolier; an'
Far nwor t h. random access memory p
15  imaging device; or any other type of semiconductor dewce), another electronic
component that may be fabricated by semiconductor device fabrication techniques, ora
substrate (e.g., an interposer, a circuit board, etc.).
As FIG..I illustrateé, a semiconductor device structure 10 according to, the
present invention includes a substrate 12 with an active surface .14 and a back side 13
20  opposite from active surface 14.- Substrate 12 méy comprise a full or partial wafer of
semiconductér material (e.g., silicon, gallium arsenide, indium pﬁosphide, etc.), a
semiconductor-on-insulator (“SOJ”) type éubstrate (e.g., éilicon-dn-glass (“SOG™),
- silicon-on-sapphire (“SOST’), silicor;—on-cc;amié (“SOC™), etc.), or even a dieléctric
(e.g., glass, sapphire, ceramic, polymer, résin, etc.).or metal substrate.
25 Semiconductor device structufe 10 may be processed to form bne or more’
conductivé vias that extend pértially into or completely through substrate 12. Processes
of the present invention may be effected at the “wafer level” or “wafer .sc'ale,” prior to
separation of adjacent components from one another, as described in Farnworth.
With reference fo FIG. 2, in forming via holes 20 (FIG. 3) through substrate 12,
30  amask 40 may be formed over a surface (e.g., active surface 14) of subsirate 12.
Mask 40 may be formed by known processes. "For example, a photoresist may be

disposed on active surface 14 of substrate 12, selectively exposed through a reticle,



Wth reference to FIG 2, in formng via holes 20 (FIG 3) through
substrate 12, 30 a nmask 40 may be forned over a surface (e.g., active
surface 1P 2067/meirstrate U. Mask 40 may be forned by kneemyscecesses. For
exanpl e, a photoresist nay be disposed on active surface 14 of substrate
12, selectively exposed through a reticle, W) 2007/092176PCT/ US2007/ 002150
- 7 - then devel oped, baked, or_ otherw s _processed, as known in the art,
to forma photo resist mask, or "photomask." Apertures 42 of nask 40 are
positioned so as to facilitate -material renoval from portions of one or
nore upper bond pads 15 that are carried by.active surface 14 of 5

substrate ][EE'; R . F AN jh upper
bond pads %‘éﬂ %E\g"e‘?‘%%*rjz’?‘ éfg%lrﬁ% eisg%ﬁ(?"{eagl:érd éépg‘lé‘?‘g‘% %?tg(:f%ﬁﬁ Vi a {:%lﬁde{g 20
wi t h desi redist sraglsors'pboioomak.”shapes (e.g., circular, square, etc.):

As shown in FIG, 3, viashal es,20 may be formed thraugh upper,bond pads 15
ST e Subst » APErEsae i A hatfohel IPg bTaatle HRRGH RaRtvRREE 10
of upper bpstioadopattsolMmortbpetiboid pids 1xhhhare carriedebspasiod stffacphof -
apertures-42 to one or.

nor tchants - ,suitahle r_.renovjng-the terial
oF “Uppeh - OIS 2, T S 109 O iihaled 20 UFier DSHORED AP ToRR | ayers.
Wil e the s&&sh@tAgn&&sﬂmma% HehdhfighRd s QM té orhdviholes J0OhEE défiredmy be
isotropic (i.e., etch in all directions at substantially the sane rate) or

ani sot r opi €rops-sectionglothapesyer pritoplareifuats fifpk ¢ et chants” are particularly
useful for form ng 38wndnta6€3, A9 n¥lek RoRh O ARRGIM tﬁl%hlfﬁﬁﬁg&%qnd pads 15

hei ght-to-wi dth, or cross-sectional dinersion, ratiosy. terial may be
removed fromd intdsubstate I2by pxpasite thpeprtinnsde.g2 conter persions Afchpituppespendnol es

20 of sif ' f | K : W] Ling
ot ocesiie PE R0 BE Bthec M6 BRLElYe 4 DM RS b Yol
subst.rat e $ifitabROfer sémgliagribs atkiahef/uprer boad pads 1 heupstoted2, mbdany in FI G
3. For exanple, .a first .etchan be used to.re terdal. of per
bond pads TR RPEEg ST e It Bt B prs e A LSS oy e s
to renove heleel0ahay(lee Botropion bohaSphosil Hireaticnsgh asst{nBRBGhe sanpolay)®rt
etc.) of one or nore protective |ayers.17 hhat | at er.al Im;( s‘Urrlopn,(il and ne
underli e uﬁ‘b‘é?‘f%ﬁ&‘-‘ba‘a"‘f?‘f‘??ﬂ‘suﬁfﬂ otropic etchants are particularly useful for Torming

15  viaholes 20 with high aspect ratios (i.e., height-to-width, or cross-sectional dimension,
ratios). Material may be removed from substrate 12 through apertures 42 of ‘mask 40
until via holes 20 of desired depth have been formed. Alternatively, kno'wn.las.er'
drilling processes may be used, with or without a mask, to form via holes 20 in
substrate 12.. ' | . '

20 o A single mask 40 méy be used in the process shdwn in FIG. 3. For example,a
first etchant may be used to remove material of uppér bond pads 15 thrdugh
aipertures 42. A second etchant or solvent may be used to remove material
(e.g., borbpho'sphdsilicate glass (BPSG), a polymer, etc.) of one or more protéctive ‘
layers 17 that laterally surroupd and may underlie upper bond pad 15 through

25  apertures 42, prior to the complete removal of mask 40. As'm'asl‘.c 40 may be partially
or substaﬁtially removed while upper bond pads 15 and protective 1ayerl 17 are etqhed, '
protectivé layer 17 and the remaiﬁing portions of upper bond pads 15 may then serve as ‘
a mask through which material (e.g., si]ich) of sulsstrate 12 isr_émqvec_l. Of course, the
etchant or etchants that are used to remove material of substra;é 12 are selective for the

-~ 30 matérial of substrate 12 over the materials of upper bond pads 15 and protective
_layer‘l7 (i.e., the etchaﬁt removes the material of substrate 12 at a faster rate th:an the

materia]s of upper bond pads 15 and protective layer 17). The use of a single mask 40



25 apertures 42, prior to the conplete renoval of mask 40. As niask 40 may
be partially or substantially renoved whil e upper bond pads 15 and

pr ot ecti Weol2aymm217¢ are etched, protective |ayer 17 andpChasc@mminsng
portions of upper bond pads 15 nmay then serve as a nmask through which
material (e.g., silicon) of substrate 12 is renoved. O course, the
.etchant or etchants that are used to regove material of substrate 12 are
selective for the 30material of substrate 12 over the materials of upper
bond pads 15 and protective layer 17 (i.e., the etchant renoves the
material, of substrate 12 at a faster rate than the Mterials of upper bond

pads 15 and protecti,ve |la 17)... T i .

2007/ 09217%‘525‘%@2%‘?%652{%‘“&%%0# of A3 18293%1{:&940&@56_@ Raifftent
hol e 20 t hahtegiutsend t hrough different materials: | The resulting via
hol es 20 may copgprise blind vja,holes, as.illustrated, -which do, nqt. extend
ful by £ hr ougn SIS eREra e 2 e corneisanitel Vif ol st Mg o

hol es 20 fggidkidnatfany@sdugh baehicn® id, 6rR] Behdddlnd ey P2eBshawed ure 10 or
a fabrication substrate (not shown) by which senjconductor device structure

10 i s .Qar rhddes ) faciiareamepemhapaling olsmgetqueierdeyicerstugiyghl0ora

sem co ndUCFa%Fi'c&thcﬁVé&B@tré&gH&t sl}'lb_@m%gy which semiCbARIAG d MR struBfird 9 §Cdafed N
FIG 4, open via holes 20", which extend conpletely through substrate 12,

may be f oréuihgofpbriestinn efgcanductinet \aas Birough sponiseskictarideviee strpetotegh- aper t ur es
42 of mask 40. 4 : e Msed; , 40, ilitate -

mat eri al” remvaﬁl&e%aﬁ%véiéll’ g%:? %Eﬁggﬁﬁ ons Og’g ubﬁ?lg%%dﬁﬁgh %xgeg](a substrate
12, and angompletly thabegh aibstragdRsmay bedatredby ofmeent donaaietiakr ofdevi ce
structyye 1 th ot omask r ved once the material . renpval
procesgés Eive égﬁﬁgﬁﬁ%?*€%§3¥fg$ﬁg%§gﬁ ace 24 or surfaces of each via

hol e 20, 20' may dphauoinbilcvantited asangk 400toffacilitate atageréad hanocib fioin sede@ed al s

o ccss. by SRR RERE R b 1350hiraE ol R g PRl BT Bbess g
For exanpl 6f semitbsdilctdridevidengrutiiee 55 0RepRstoinagk piagIRYemoRy@BhideaRe Vi a hol es

20, 20" may be fornmed by -a tetranethyl amTDni um hydroxide ("TMAH"). wet. 20
etch (e. g. matpripl ppypovelREgCesses Raye ReRieomRIeei-uF ( armoni um f 1 uori de), H202

(Peroxjgle) , andTRBNGRZcd B bf dufadEd Dealh vih hold 20; 0N b LR BBCichlY rdBRAb,
with an SF6 . plasma etch, by a deep silicon reactive ion etch ("RI'E"), .or
the |ike. Mcildpgadhesdey of piagerialy theretm Sugly ropphnesp May hecachiqved trguglythét her
processes _ i WREha; Vibadd 6L ni lefle, such
e one o TRierRfreRall BRREsoy WARkniia foftt 20200 et RURRETDIS WEEICALD S °5,
i f substrapwciiig Faraxemple, svitheutbmittisidiescope ofethe presentonventipondiact i ve

material, RyLl36es %é%y?gé i Rl BY &3etfin iV REnbiilEh Aro S8BT A MAH") wet

20 etch (e.g., 9:1 HO:'TMAH), a Wet etch with NHE (ammonium ﬂuofide), H2.02
(peroxide), and CgHgOy7 (citric acid) (e.g., '1:1:1.NH4F:H9_02': C6H§O7), with an SFe .
plasma etch, by a deep silicon reactive ion etch (“RIE”), or the like. 'Altemative]y, via

-holes 20, 20' that have 'béen formed by other prdcésses may be roughened by use of a
suitable roughening technique, such as one of the jﬁst—descr_ibed etch techniques.

25 With reference to F]Q. 5, if_ substrate 12 is formed from a semicoqductor ‘
material or a conductive material, surfaces 24 of via holes 20 may be lined or coated
with dielectric material to form a dielectric coating 28, which prevents electrical
shorting as electrical currents are conveyed along c¢ircuitry that extends into or through’
.via holes 20. The thickness of dielectric coating 28 may be tailored to position a

30  subsequently formed conductive via at a-desired location relative to a surface 24 or,
blind end 22 of viahole 20. - ' |



with dielectric material to forma dielectric coating 28, which prevents
el ectrical shorting as electrical currents are conveyed along circuitry

t hat ext ewdo0émpoe176r t hrough via hol es 20. The thi cknesecufusdioeloentss i c
coating 28 may be tailored to position a 30subsequently fornmed conductive
via at a desired location relative to a surface 24 or blind end 22 of via
hol e 20. WD 2007/092176PCT/ US2007/ 002159 _- 9 - As a nonlimting
exanpl e, dielectric coating 28 may include a parylene, a | owsil ane oxide
("LSO') (which is deposited by.chem cal vapor deposition ("CVvD') at a
relatively low tenperature), .a material layer-(e.g., an alum numrich

oxi de, etc.) that has,.been deposit: by. pul sed.depQgsi tion _processes and,
thus, is referrga apgnlimiting %’b%’%slgu‘%g]éaﬁo]sﬁ‘ﬁaﬁﬂg ?gfga o "a)p,ar}g?n%ﬁy

conbi nat i clowoedilage @kkiet(HL.EOM{whichlisdépositad/by shemimyl vapoagipposittbrt ¢'CHD™)
deposi ted onto, exposed surfaces of- substrate 12 by . known ocesses (e.qg.,
spi n coat i‘ﬁgj‘,re?b‘?’.glyislﬂ‘d,te‘ﬁ‘PSﬁ‘r“gﬁ?ré’d“Wﬁf’erf“é‘Fr ESndd ﬂl‘&‘H{ﬂ“&ﬁ'T%LBééfeséfé")( e.g.,
those ef f egheghsheeh BEpSYEE BYHuMERIdepbliBioh prIvesde) ahd, BB Fef@fed dotad.a,  Of
Rehovot, Israel, 3DSystens rporation of Valencia, California, etc.), CVD,
t her mal5 gr@ead deposipion Javer §TTIPLO: pr any caapnptiop ehdielpglic mategials oxdaypryn

glass (" .Sq;i]é\y Béqgﬁﬁéﬁ%)éx d%Fssi)-ed éﬁ@@%&éa QhrfRicQ6e SR ral 012 hPkAGWE
dielectric layersS are disclosed in U'S. " Patents 6,770,923 -and 6, 541, 280,
as wel | aspropesseSle. fatpimtoatmgh Sprasinigope SUSRO6S MTVTEH GensAFROORPOEERSL 7, and

US2002/ 0136250 d dredlf] bt Rkl Mo Hol BlericechifRlibn :2%0r kéHovor,
exanpl e; portions at cover upper bond pads or othér Tocations of
active surfsawd 34 Sysrams Corpoaten o€ Nalepcia; €abiordia, Sai)t @VIE theohahgmyal, f or

sel ectjvel y..renoyi.ng .vard Qus. regions of dielectric a ating 2

Tncl udl? - pRngRISETE ST OB (SHAgHSs (e Sninolt dldsS ("SOG FEPSSE, etc).

proc ]iafsses. Exdapleesfpialcesses fadfermiigaticleacinaypme sre disclodeddh U.Be et ch process
is effected at ress that i rts..iqng with a direction ener

t hat rerrovggte?ﬁé%eiﬁ)\gﬁfqngn&%"glr’%g@ﬁﬁéfYrm%s‘Hr ‘gcg?e{ﬁ t hout -substanti‘al I.Sy.
renovi ng i publicfib¥EUSR00S/0006 7 63¢ BS200B/0 1 BE3 175 eald US2002/08872502] y renove
portions or, or_pattern, dielectric 'coating 28. Such processes ma‘}/ be
timed or an endlfgisshed.Rordensef Q‘BICB‘F’@\FQﬁEm%g%’efQF FWPIQHWHP“%‘?‘a &fials

from wig hi goydrdoh@bsss PPof Sih8r lochBi QY STWlidE 8Ff24)14, Hlayde subshpbmues for
sel ectively renoving regions of dielectric coating 28 may be effected with

our W t houtempveds Buftablg .t«?ch@iqmtf@rnsa%qerivzle/\mm@wi%a\%ri@@s spianperf daplectrigr:
exanpl e, by, 30Ri,@ HLRREHIE aR FRGRRES o, W) &Bh processes and wet etch processes.
. For example, spacer etch techniques, in which the etch process is effeptéd at a low
pressure that imphrts ions With a direction energy that removes material frofn horizontal

20 suffacés without substantialfy rerhoving it from vertical éurfaces, may be used to
selectively reméve portions or, or pattern, dielectric coating 28. Such processes may be
timed or an end point detected to prevent undesired removal of materials from within
via holes 20 (¢.g., from surfaces 24). Other techniques for selectively ;emoviﬁg.reg'ions
of dielectric coating 28 may be efféctéa with our without a mask (e.g., a photomask;

25  which may be .s'prayed on, for'. example, by sonic dispense pfo'cesées), which
substan'tiaily fills via holes 20 and through which upper bond pads 15 are exposed, with’
active suﬁace 14 either shielded by or exposed through the mask. When a mask ié '
used, wet or dry, isotropic or anisotropic etch-processes may be':usec.l to pattern
dielectric coating 28. - Of course, once dielectric coating 28 haé been pattcfne'd,'the

- 30 mask may be removed (e.g., by known resist strip techniques). As another alternative,

planarization or polishing processes, such as chemical mechanical



substantially fills via holes 20 and through which upper bond pads 15 are
exposed, with active surface 14 either shielded by or exposed through the
mask. Whewoaoma®ki7ss used, wet or dry, isotropic or ani 2orruspioc/oeiish
processes may be used to pattern dielectric coating 28. O course, once
dielectric coating 28 has been patterne& he 30mask nmay be renoved (e.g., by
known resist strip techniques). As anqtjger alternative, planarilation or
pol i shing processes, such as chenieal nechanical WO

2007/ 092176PCT/ US2007/ 002150 - pl anari zation (CWMP") naybe used to renove
dielectric coating 28 from active surface 14 and surfaces of upper bond

pads 15. 1n form ng.a,@-el ectri ' - 24 2t hol e 20,
sur f ace Zﬂ]aB?n%ﬂ“gnq ‘é@oﬁgﬁ%(}) en‘%ﬁg?(?%ég{a&f)%ﬁgfégttr%g{ O\Ea\na{;%za- 7 St adhesi on
| ayer 25 qafgueilsad sarfacesiofeppetiodndgsadsdSsi | i con oxi de. The oxide of first

adhesi on |l ayer 25 may be,forned b sui t.abl CESS., AN [

deposi tion usi ﬁﬁ?‘i”[@’clg%\@ﬁlf@?%?‘f ﬁ%%‘?/q%aic%?%s?r%afﬁ%'%&? ﬁ%fr%n%g:’ Q&Jééi%\%l %‘)ma

P][ ocessespoRr2d 19?\57 fies{m@ cadted gvgcm; flat hfamesﬁrrmmgm | coﬁﬁpxriasng anlbesiepsuchager 25,
if present, may facilitate adhesion of materia vi ng .an even ] ower

di el edtri & stseBroaitte. (Fheoxidneiiistpghgeion a_yedfz%\may H%?‘@“‘fgbylw Sd’i’%{’lgct ric
material Bayl.0g; 1&%@5&\4%6@1&%%@k&fa%mwoxﬁmaﬂtoa&t(“(rw”;, tKerdjalmay be
deposited directly onto” surface 24 of each via hole 20 qor onto adhesll on

| ayer 25 grawthquatessest of losstenmsratiexigation progesses AFirpRdpesipiayer 4 1
processes -t hat i LT b id QYR ESendBwaF Bietimat i bl e with
t he nateerrﬁselgtr’ nﬁa&? %ér(l?gﬁges&?lre{s)%g\ryg%clﬁLgﬁé{}g@fégc | ayers 261,ea're to be forned,
as wel | asobdtentrBK8Y owelr sufacesd4 efcviahele Zer whi ch diel ectric 15material is

to be formed or, deposi.ted | es of .| K, di ri terigks fhat nma
be deb(i)si ted ,ov%gleg‘gtfltrf’%?@teﬁ%i(ﬁzr‘\n‘g? %85?'“8&@3}2%’&3%%&?‘%%?% t(g'fgl' ’ggry) enes g
(e.g., PARYlLFNEddgb}itedIdifdctNon}o swuiftite @hefreadh eladaile 26 onaherddhEsionddyer BHw

dielectric constants that nay. be deposited on features (ge.d.. Ww.,thin via
hol es 20) thattRaE af IRFRIIYOTS FiFUE2RRer. Prpyse bE pitRs f‘%ﬂ‘%&%ﬁ‘%}’dﬁﬂ o
di el ect i qid|a%BE 3ay26s 22QARoaatiBRALIT BROARErIANGESR@alsdy@h whichdiglderid or med
over dielectric layer 26 to ) . . . .
layers 26 are to be formed, as well as the-materials or structures over which dielectric
15  material is to be formed c;r deposited. Examples of low-K dielectric materials that may
be deposited over surface 24 include, but are not limited to, parylenes '
(e.g., PARYLENE HT®), TEFLON®, and other dielectric materials with low dielectric
constants that may be deposited on features (e.g., within via holgs 20) with relatively
high aspect ratios to form relatively thin dielectric layérs 26. . ’
20 An optional, second adilesion layer 27 méy be formed over dielectric layer 26 to
facilitate adhesion éf conductive materials over the surface 24 of éach via hole 20. .
Like first adhesion layer 25, second adhesioﬁ.layer 27 may compfise an oxide, such as
-a silicon oxide. Any sixifable process may be us’éd to form adhesion layer 27, .including,
without limitation, deposition of the material of second adhesion layer 27 (e.g., with
25  TEOS when second adhesion layer 27 comprises a silicon oxide).

Poﬁions of first adhesion layer 25 (if present), dielectric layer 26, and second
adhesion layer 27 (if present) that overlie each upper bond pad' 15 may be removed
therefrom to facilitate communication between subsequently formed conductive '
structures and upper bond pad 15. The removal of the dielectri¢c materials of these

30 layers 25, 26, or 27 may be effected simultaneously/sequentially, as shown in FIG. 6, 0r -

immediately following the fo'rm'ation of each sequential layer 25, 26, or 27,



facilitate adhesion of conductive materials over the surface 24 of each via
hol e 20. . Like first adhesion |ayer 25, second adhesion |ayer 27 may
conpri se w0 200/@e176such as a silicon oxide. Any suitabl ecpruse@ssormy be
used to form adhesion layer 27, including, without limtation, deposition
of the material of second adhesion |layer 27 (e.g., with 25TECS when second
adhesion | ayer 27 conprises a silicon opide). Portions of first adhesion

| ayer 25 (if present), dielectric |layer 26, and Second adhesion | ayer 27
(if present) that overlie each upper bond pad 15 nmay be renoved therefrom
to facilitate comunication between subsequently forned conductive

structures and.uBgss, 9974 Mand Rerete d STBARG IndibRuSR phER e MRt erials

of these 30l ay
si mul t aneestgbinatdenuarftiedddinye c@cmrglmh in FIG -6, or i.mmediately foI | owi ng

the -formati on of .each se i al

2007/ 092176PCTREETHES 1S 2‘2%b 72 ]“e?’ser zég’a"o‘% ‘%g"‘?ed Yot dietecric 1 1
her ei naf t ggatidgel. VB altial laye029 lsrpaatﬁwmyrbsafal fommevasnﬂgjuedeewbhecrew@m ng .
28Y. Referring nowto FIG rrier or ned
over di el betycen ceaa%rmgdlﬁorssﬁlﬂﬁpéfﬂa P%‘% 7o f@g C PEPE |c€%‘?{en%§°{@é%egﬁ 4
preventing, 5:2ibSrA8 a0t iSuREbIe HAEMEIS Troze Pheth mmuaymze may ben vi a

hol es 20 and the exposed material. of dielectric. coatin %S trate
12. -Sui talﬁ(brener@emelluda,l \Elthm@rh“&%ﬂu@ﬁ Higopyre (T gljfapiusynig; 'gré ’o‘f‘ﬂ’é‘&“’f‘ Pude,

Wi t hout ln[p[ 1%‘?‘[8{ Ig?,rdet ftﬁl il $iihen madekibRhAB:BY ot irsterdFhdtdn andepiringm (Ta)

tant al um ni other materials that prevent interdiffusion and
spi ki ng bétwesn cmppgemd sil mnsiiﬂdlsewna?fd“%‘mquﬁﬁeﬁblﬁt ai ning materials. 10As

i1 usﬁ(ﬁ at ed, ba,&sr hﬁ!rstrlttgx %V%@é)r lqu ﬁm@?ﬁa@?@m@éﬁ Ws&@éﬂeﬂd‘b'ié?ﬂcéﬂkﬂiposmon

deposition processes, 1n per exposed surface@ﬁ{é ., active surface
14, surfameemosedhlcmuppemxmaemmr&czﬁie &t ectiveeprfa %éﬁﬁﬂ%‘tscﬁxl’ﬂé‘?ﬂ ce

fS ;Ejuﬂ ;J ;? é)\]ﬁf g rveehl%ggége%tp coﬁg‘&&éf‘ &y stHﬁ:EJr%Qb ak@é’@itec?&uthme

tive deposition of conductive material,. for
exanpl e, Qﬁatuﬁmaffﬂamm‘ 1@@991Hoaﬁadllsamftmeﬂme@s%ngfsebam‘fd @EFPOEBIOFla%fer 29, as
depicted in FlI G teri ai of barr

| ocat i ons C&f‘d‘é‘é‘fﬁedﬁ?fﬂﬂa ¥ FaUPLe OBt PHEt uorned %ﬁ%% agl ab&?%%%g? % ﬁgg:é]:)][ om
(€. 9. 15aCt1hy& 295 ¢ gHi@ed 4 FIRES, ehélsaasial bObarvikr taqaﬂi&:mayé)erramewe@frogom d be
probl emat Ilgca(uedngs] of soraiconductor device structure 10 or substrate 12 thereof (e. g.» ctive

surface 14) where deposmon of conductive material could be problematic (e &, cause

electrical shorting) or is otherwise not desired. T he removal of unwanted bamer

matenal may be effected by a varlety of known processes mcludmg, but not limited to,

20 spacer etching, pohshmg or planarlzatlon techmques (e.g., mechanical pohshmg,

chemlcal mechanical polishing (“CMP”), etc.), or otherwise, as known in the art..

Surfaces 24, 28s, 29s of via holes 20, dielectric coating 28, or barrier layer 29,
respectlvely, may be at least pamally coated with a seed material, which will facilitate
subsequent growth of a desired eon.duc.tive material on surfaces 24, 28s, or 29s, as

25 shownin F]G 9. Of course, fhe seed material of the resultiﬁg' coating 30 facilitates
growth or deposition of one or more desired types of conductive materials over
surfaces 24 28s, or 29s. For example when surface 24, 28s, or 29s is to be lined w1th
copper, the seed material coating 30 may itself comprise copper A copper seed
material coating may be formed by any suitable deposition techmque such as a

- 30 physwal vapor deposmon (“PVD”) process (e.&. sputtering) or a CVD process As

another example, any suitable process (e.g., PVD CVD, etc. ) may be used to form an

: alummum film on surface 24, 28s or 29s.



el ectrical shorting) or is otherw se not desired. The renoval of unwanted
barrier material may be effected by a variety of known processes,

i ncl udi ngwohkwd7/met76l i mted to, 20spacer etching, polishipog/useoguloenasi zati on
techni ques (e.g., mechanical polishing, chem cal mechanical polishing
("CwP"), etc.), or otherwise, as known in the art.. Surfaces 24,

28s, 29s of via holes 20, dielectric copping 28, or barrier layer 29,
respectively, may be at |east partially coated with a seed naterial, which
will facilitate subsequent growth of a desired conductive material on
surfaces 24, 28s, Or 29s, as' - 25shown in FIG 9. O course; the seed

material of th esy] t| | : Lt R Ldion of
one or nore degw‘%% #%%%nghég%gﬁgﬁh%hllr‘?alal%sgg ?gf%%pnga 9?%?:&%&&24, 28s,
or 29s. Faiat@idnmyecowsheh of thef expesUsurfe8ss obsenfioendustaralepise [sirneidred @;h

, the. d i al i ng .30 ' |.f i Se . "
Ceed mt eieNI0E AT g S ertsngcPop) oy SichebiRsRRLR AR e, TCNCT

any Sl eposi t1on techni que,
such as a(3g., phus ot ivapepel BERbpadsaIs {rdRvrare pi 0283530 e Agcordipglys & i nQ)
or a CVD process.. As anaqther exanple, an suitab&?é{@r cess (edg'inPVDé CVD,
otc.) Moy WetasindIC APrraIHons SMeAGMATIhCOR 28] 2y ezomoned foin 36 1o
2007/ 0921 36RCT/LS200THRAZ e thay be ysed for MO BUrpRkanialdRigPaRhbiON

techni ques ate used to formcoating 30, the seed material may cover all of
t he exposéunitatiohakeawppolighing enplasddratigeyed@iatetuct ure 10, incl udi ng areas
wher e subseque hd1E050 9 16 BRYHIKIWien i @l an ieRRkiVE RS Eathtés: 0.
areas ot her thgwhgggga?hg%sg%b aecis 15 and ?Su??%{eg Zéf,n 2§S, l59'3). I,%\ccol?,di ngly,
as 5i | | ustrempbethgitarfi¢Gayar®9 pursetdmatesial seating# Epmasoneef thagudaces®y be
removed fromthese ar n i ’ Ay TS -To N ol B o [

pur pose, isﬁgﬁli?&ﬁﬁﬁt,or\?\ng?i%%ﬁ{?ug{??r%dfg %r%rﬁ?r? nomcnsﬁwgso IS%(?%QSH%? ?)I anvélri zation
t echni quegprocess mayWearsed itardnobvesh o) seadematgribkbcdating 86 andtblarrisydaiear 29a Jhin
alternative gt]o se

arately renoving barrier |ayer ‘ > rial
coating 36'% mqrg@m; PB?"%%E“%&P‘F‘S%&%”& PIRGEEN (13%3%38 %%032%%@%& ucture
10, as Ehmgmeﬁmddﬂd@ed&mchl 1 5m an(mghgdi gocﬁemam tl’{mrexqbesfgi-sm%ﬁ@er sigéat leSO.
renove both seed material coatin ; arrier layer : i's single
renoval prdcERLCORYCIOpARYIFe étr‘éﬁw%di)o 3@215 l?ﬁ‘l“?%lﬁ?%“?f éﬂtefr@ﬁﬁ\‘ﬂ ?166%53?? l|qzé1r
mat eriigl  anto@eeHs WRLRY dubkeducipronde st dgsbshiinifl @nduaivethaeaxinogesraur f ace
or surfaces of sem conductor device structure 10, while | eaving barrier.

material dAd-sweepneaberd apis1Ba OSBRSS As 28h @8 Bl SRAUEHE VB owt h or
deposi tion,§fs i@%@é’ftEX&'nﬂ%ﬁehﬁlvai prod&@gtd #llude, but are not limited. to, known

spacer etch techniques, polishing or planarization techniques, and the like.
Once seed material coating 30 has been fqrmed and pattémed, conductive
20  material (e.g., a metal, conducior—filled po}ymgr; etc.) may be selectively deposited on
or otherwise applied to a surface 30s thereof to form a conductive layer 32 over
surfaces 24 of via holes 20 and, optionall};, over upper bond pads’ 15 or portions
. thereof, as shown in FIGS, 11 through 14. By Wa'y of nonlimiting example, known
electroless plating, ifnmersion plating, or electrolyfic plating techniques may be used.
25 Conduétive material may be deposited until conductive layer 32 reaches a desired’
thickness, in which case a void 34 (FIGS. 11 and 14) may remain within via hole 20, or
until via hole 20 is completely filled; i.e., no void remains within via hblé 20.
FIG. 11 illustrates selective deposition of a conductive layer 32 on seed material -
.coating 30. For exampie, copper may be selectively deposited (e.g., by electroless or
30 immersion plating; e.g., with the chemistry available from Pac Tech GmbH of Naqéll_,
Germany) onto a seed material cdating 30 that also comprises copper. Alternatively, a

conductive layer 32 comprising nickel'may be selectively deposited (e.g., by electroless



(e.g., on upper bond pads 15, on surfaces 24, 28s, 29s (FIG 9) within via
hol es 20, etc.). Exenplary renoval processes include, but are not limted
to, knowwepacmmw2esch t echni ques, polishing or planari zetras2éeobnsgues,
and the |like. Once seed material coating 30 has been forned and patterned,
conductive 20material (e.g., a nmetal, conductor-filled polyner, etc.) may
be selectively deposited on or ot hervm S applied to a surface 30s thereof
to forma conductive |ayer 32 over surfaces 24 of via holes 20 and,
optional Iy, over upper bond pads. 15 or portions thereof, as shown in FIGS.
11 through 14. By way of nonlimting exanple, known el ectrol ess pl-ating,

i Mmersion platin electrol t .
25Conduct Pglémﬁﬁrtsg% gf’nﬂ%f Heie dtl)eglc}?é"g‘gﬂrﬂgv%&%on E}é'filsa ve i }Bﬁ agg&feaches a
desired thiaCéfmssatlﬂgerﬂiacbompﬂﬁ:salumlmlnﬁ4 (FIGS. 11 and. 14) may remain
wthin via hole 20, .or until no void
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of a condgghi ¥hduddes 1a3érsT Sreduifides 24l vichelts DO, r&ﬂnselEaiveede@mpnlnen copper
may be selectively deposited (e.g {ﬁ‘ﬁ?l ecteflg{ﬂﬁ s or 30 ?I on-pl.ating;
e.g., Wit Brackeses HEy b eypiyed- émeéew? @?HPBSP“ fi'23EEY rrany)

onto a Se%g H{iée?édtﬁkde 8litiBe pRLeldeats Movm ITTHS. 32 $hioapRes. AI ternatively,
a conducti ayer orrprl Sing .nickel may be sel ectively deposited (e.qg.,

b?/ el ectr ol ess In VG202 7 vosk 48 pEfrusdeoey adbesyriace 34 by KpOWmpEPSEsH-
ting, ‘e
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conpri se andhAOEREK nidiatialilsydro bieshtings eppl memyuﬁac planing 28girsublayers act i ve
surface 14tlhereof mcludmg, without limitation, adhesion layers 25 and 27 and dielectric layer 26

15  (see FIGS. 5 and 6)), optionally coated with a barrier layer 29, and optionally including
a seed material coating 30. Apertures 42' need not expose entire upper bond pads 153, '
as .upper bond pads 15Amay include a material or materials that facilitate adhesion of a -
desired material thereto. ' _ o '

As mask 40’ will physmally separate portions of a subsequently formed

20 conductlve layer 32', as shown (FIG 13), from portions of each of the aforementioned
layers that overlie non-upper bond pad 15~bearmg regions of active surface 14 of
substrate 12, portions of seed material coating 30, the optional barrier iayer (not
shown), and die]ec;tric coating 28 that overlie non-upper bond pad 15-bearing regions
of active surface 14 need not be‘removed prior to the formation of conductive layer 32".

25 Conductive layer 32’ r'.nay be formed by any suitable process, including, but not
limited to; PVD, CVD, electrolytic plating, electroless plating, and immérsion plaiing ‘
techniqu'es.. Such a deposition or.ﬁlating process may be used to form conductive
layer 32' on surfaces of seed material coating 30 that are exposéd through aperture 42'
of mask 40’ and, wheri the, deposmon process is not selective, on exposed surfaces of

- 30 mask 40’. By way of nonlimiting example, a conductive layer 32' comprising nickel
may be formed on a seed material coating 30 tha}t compnses copper. ‘The nickel may be |

* deposited onto mask 40’ and portions of seed material coatiné 30 that are exposed



10sel ectivel y exposi ng the photoresist, devel oping the photoresist,
renovi ng undevel oped photoresi st, then baking the photoresist. Mask 40

i ncl udes wpendumwese642' that are aligned over via hol es P@TiUsaso7ivexso been
formed within substrate 12, .lined with one or nore dielectric materi al

| ayers or coatings (e.g., dielectric coating 28 or sublayers thereof,
including, without Iimtation, adhesionj4dayers 25 and 27 and dielectric

| ayer 26 15 .(see FIGS. 5 and 6)), optionally coated with a barrier |ayer
29, and optionally including a seed material coating 30. Apertures 42' need
not expose entire upper bond pads. 15, as upper bond pads 15 may include a
material o i {idah ! f | LR ¢ al
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fornmed 20 imordsion platinggyeres82' , as shown (FIG 13), from portions of each
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25Conduct i d¢QideaMaEIuR21 B PSortioheBHcdnduainve biyert 3 ieat prodessy overtieddi ng, but
not limted to, ‘PVD, CVD, electrolytic plating, electioless plating; and

i mer si on prski40harer difiediagfieat semicpndyctps ds¥ice sSERCWBIE Hl'ati ng process may be

used to form Cgl@-%ﬂﬁééi%@ PoRi&s GHhecdMatdial 8682090, oL BakFRIAkt 30 weddhdng “30
that are ‘exposed through aperture 42' of mask 40' and, when the.deposition
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renoved by suitabl e processes. nt.i nui.n i t.h t X I ot qmask,
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renoved fremachardteRNEuEt3Y nig\Wetenlbyett ure 10', any Portions of conducti Ve
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is not compatible with processes for subsequently securing conductive elements
20  (e.g., bond wires, solder balls, .le.ads, conductive elements of tape-automated
.bonding (“TAB”) substrates, etc.) to upper bdnd pads 15, an elec&ically conductive,
oxidation resistant coating 39 may be formed on conductive layef 32, seed matg:rial
. coating 30, or barrier ]éyer_ 29. Oxidation resistém coating 39 may, for example,
comprise aluminum, .gold, platinum, or any other o.xidation resistant material that is
25 .compatible with the material of cox}dﬁctive layer 32. Oxidation resistant coating 39
may be fofmed by a sc)ectivé (e.g., electroless or immersion piating) or non-selective
(e.g., CVD, PVD, etc.) deposition process. If a non-selective depositioﬁ process is
used, oxidation resistant coating 39 may be patterned by known processes (e.g., use of
.mask-and etch processés, mask and lift-off processes, etc.).
30 With reference to FIG. 16, if, following the formation of conductive
layer 32, 32, a void 34 remains within via hole 20, a filler material 35 may. be

introduced into void 34. Filler material 35 may comprise a conductive material, such as



processes may be used to renove one or nore of these |ayers or coatings
follow ng the renoval of mask 40'. In addition to the aforenentioned

t echni quewof007/we1veVvi Nng t hese | ayers or coatings, renovaCTuseesssaso (€. g.
use of wet or dry etchants in appropriate processes) with selectivity for
the materials of the |ayers or coatings over the material 15 of conductive
layer 32' may be enployed. Optionally,_ ps_depicted in FIG 15, if any of
conductive |layer 32, seed materi al coatlng 30, of barrier layer 29 extends
ont o upper bond pads 15 and the material of conductive |ayer 32, seed
materi al . coating 30, or barrier layer 29 fornms an oxi de which is not
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20(e.g., conduct i ve ele€ment s of
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that is flush, or substantially coplanar, with the surface 15s of each upper, bond pad 15.
Altematxvely, as deplcted in FIG. 19, a conductive via 38 may be completed by
fxllmg void 34 with a conductlve materlal In the 1llustrated example, a conductive
20  filler 36 (e. g., a solder, such as tin/lead (Pb/Sn) solder a so-called “lead-free solder,”.
such as a copper/tin/silver (Cu/Sn/Ag), tm/copper,(Sn/Cu), tin/silver (Sn/Ag), or .
gold/tin (Au/Sn) a}loy), or other suitable conductive material) may be introduced into
void 34 to fill the same and, optionally, to form a bump 37 on upper bond pad 15.
As yet another alternative, Qoid.s 34 may remain within the conductive via 38,
25  avoiding the stresses (e.g., mi'gmatched coefficients of therrﬁal‘expansio_n, mismatched
electrical conductivities or resistivities etc.) that may be cau'sed by introducing "
dlClCCt]‘lC or conductive material therem '
As illustrated in FIG. 20, blind ends 22 (FIG 19) of via holes 20 and thus, of.
conductive vias 38 may be exposed through back side 13 of su_bstrate. 12 by removing
© 30 matérial from back sicie 13 of sul').strate 12. Of course, any suitable technique rﬁay be
used to'expose blind ends 22. For example, a sq'-cailed “back grindinig” process may be

used to remove material from a back side 13 of substrate 12 l:mtil the bottom portion 33



vent (not shown) has, been fornmed between blind end 22 of via hole 20 and a
back side 13 of substrate 12, filler material 35 nmay be drawn into void 34
by capi | Iwoypo@aivere 100or under a negative pressure (e.gPCTASI@IO0I) OfF
forced into void 34 under positive pressure. Wiile a bunp 37' may be forned
by a dielectric filler material-35, as shown in FIG 17, such a bump 37

may prevent a conductive structure fromdeing secured to and - establishing
adequate el ectrical comunication with upper bond pad 15. Accordingly, 15as
illustrated in FIG 18, dielectric bunps 37' may be renoved from over
surfaces of upper bond pad 15 and, thus, dielectric filler material 35 may

have an u £ ai g | . i ; afs, With
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conduc? i v&'™MeE [%1) nay be introduced into void 34 to Fill the same and,
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caused by introducing- dielectric or conductive material therein.
il lustrateddesir@- G- 20, blind ends 22 (FIG 19) of via holes 20 and, thus,
of copguctive vias 38 may be exposed through back side 13 of substrate 12
by renioving 30material from back side 13-of substrate 12. O course, any
sui t abl e t.echni TaefolieyilgeEXSSdPLBS desaebenydrings enafspize of Prsicesses it @aype
so-cail ed "back.arindi ng" proc e . ' rom a
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semiconductor device components. : : 4

15 | - EXAMPLE 1 |
~ With reference to FIGS. 21 through 27, an example of a process that may be
used to form via holes 20 in a substrate 12 and insulate, or passivate, surfaces 24
‘thereof is~ described. , , ]
In FIG. 21, a via hole 20 is formed in substrate 12. Whiie via hole ZQ is
20  depicted as extending only parﬁally through substrate 12 and is, thus, known in the art
as a “blind via hole,” via hole 20 may ziltemativ.e]y extend cbmplétely through
" substrate 12. Via hole 20 may be formed i)y any suitable process, including, without
limitation, by use of a mask through which Aon‘e.or more etchants selectively remove
material of substrate 12, by laser ablation techniqués, or otherwise, as kno'\;/n in the art.
25 .While FIGS. 21 through 27 depict the process of EXAMPLE 1 as being useful
for forming conductive vias ﬂlat extend through-“blind” areas of substrate 12, which do
not include integrated circuitry or bond pads, these processes may also .be used to form
conductive vias that extend through bond pads that are located over either blind or
.active areas of substraté 12 A V .
30 As shown in FIG. 22, a first adhesion layer 25 is formed on surfaée 24 of via
hole 20 and on an active surface 14 of substrate 12. Adhesion layer 25 may be formed -

by any suitable process, such as a dépdsitidn process (e.g., pulsed layer



WO 2007/ 092176PCT/ US2007/ 002150 of conductive |layer 32, which is |ocated at
blind ends 22 (see FIGS. 16 and 19), is exposed, as illustrated, or until a
parti al owofé7doseress section of the various |ayers of eomdsedorwe1sea 38 is
exposed. The exposed bottom portion 33 of conductive |ayer.32 of each
conductive via 38 forns a bottom bond pad 16 of sem conductor device 5
structure W Back side 13 may be subseqyently processed to passivate the
sane, to formlarger bond pads at the bottom ends of conductive vias 38, as
well as to form. conductive traces that extend laterally to other bond pad
| ocations, .and ot her features, - as desired. 10 The fol | om ng EXAVPLES

describe varig Eﬁgﬁ & i,0US
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exanpl e of a process that a. hol es In_a substrate
12 and i ndUPEEE, SUG ﬂﬁ&?éid{fgf"ée‘;) %\3%22’8 é&q oPS‘?ede‘S APEBBd. In FIG

21, a vi a thedembeP26s2d09. med in substrate 12. V\hl le via hoI e 20 |s :
20depi cted as ext endi ng only parti al| P/ througg su% trate, 12 .an - t hus,
known Pn the arknQunprogssgsdre hen ysrhiodeposit glpye CHHKPr’éf“tgéPW |veI y
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sui tabl e process, inclu |n%§@vv|thout Ilmtatlon by use of a mask through
whi ch one a@rdenmtei o FkaA8s |t@é1uqk¢é\f1§qféhwetwlef materipgs Gomavhighe 12, by
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21 through dep| theproces bei ng useful for formng
conduct i veéholes20 whthtrelasivelydangh pepeghratios |and"ﬂla$,ea@€®‘1m8ﬁ1§’&1qt%@l densitiifch do
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over  eit hesurface nd ootbaelcsldvé3 shhepef. of substrate-12.' 30As shown in FIG 22,
a f st adheS| on lﬂ%’ matenal frorn 1”%%1&@0&5135%%%3621 orme}ﬁln"i‘ay not adhere well to
many conductive materials, another, second adhesion layer 27, formed from a material
that will adhere 10 both the material of dielectric layer 26 and a subsequently deposited
15  material, may be formed over dielectric layer 26, as shown in FIG. 24. Second
. adhesion layer 27 compfises a dielectric material (e.g., a silicon oxide) i‘l'n.d may be
formed by known proeesses, such' as suitable PLD or LSO techniques. .
Next, as shown in FIG. 25, a conductive layer, which may élso be referred to as
seed material coatmg 30” or as-a meta] mask,” is formed over second adhesion
20 layer 27. In'this EXAMPLE 1, seed material coating 30 is formed by depositing
lungsten over second adhesion layer 27. Tungsten is useful for fac111tat1ng the
subsequent formation of nickel over surface 24 of via hole 20.
Portionis of seed material coatmg 30 that overlie active surface 14 of
substrate 12 are removed, as illustrateci in FIG. 26. These portions may be removed by
25  any suitable process, includiﬂg the use of so-called “spacer etc':h”:techniques, which will
not remove significant portions of seed material coating 30 located witﬁin via hole 20.
Thereafte_r, as depicted in .FIG. 27, exposed‘porﬁons' of second adhesion
layer 27 (i.e., those overlying active surface 14 of substrate 12) ére removed. Again,
any. suitable removal processes may be used, such as a selectxve wet etch (i.e., the
30 etchant has selectivity for the material of second adhesion layer 27 over seed materlal

coating 30). Thus, seed material coating 30 acts as a “metal mask” that prevents



hol e 20 and on an active surface 14 of substrate 12. Adhesion |ayer 25 may
be formed by any suitable process, such as a deposition process (e.g.,

pul sed | ayerooM@22607/ 092176PCT/ US2007/ 002150 - 17 - deposiusc@n/o(215e.D")
(which forms a PDL), CVD, atomi c |ayer deposition ("ALD'), a process for
formng an LSO etc.), as a thermal oxide, by a | owtenperature oxidation
process, such as that disclosed in U S, 1gatent 6,165, 808, i ssued to Zhang
on December 26, 2000. 5Known processes are then used to deposit a |ayer 26
comprising lowK dielectric material, such as parylene, TEFLON(r), or the
i ke over first adhesion |ayer-25, As depicted in FIG 23. Due to the Iow K
of the material, qQr I kS f
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materi al s, another, second adhesion 1ayer 2 ped_from.a nat eg al that
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deposi t ed HERNBREehir@bwnTBY.cRfed YldtRth GNFP plb@kealayite ditpieye®6, as shown In
FIG 24. Second - adhesion | ayer 27 conprises a dielectric material (e.

silicon oxi de) @nee desjrederorteonse digleqirielaychrd bavs been wmoyed.PostiensLd| fé‘S'PLD
or LSOt eezpﬂlegg ayewggtthat%%gﬁn:%vé qujf_'a{c@142<§"’su§st?&@q9%é)vﬁe JeﬂYcﬁr'éd Whiych may
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of so-called "spacer eteh" t echnl ques, which will not renove significant
portions of seed naterial coating 3%@@5&? within via hole 20. - -
Thereafter, as depicted in FIG 27 6or ti ons of second adhesion
layer @7 (i.e., FidiosEs Myaudhyi Nludeite ¥Bohbl &:a66pid 4f @ipreseesinatingy b2lused &
removed. Ao?xlnnwa holes 20 in a substrate 12 and insulate, or passivate, surfaces 24 of via
holes 20.
In FIG. 28, a via hole 20 is formed in substrate 12. ,
As shown in FIG..29, a first adhesion layer 25 is formed on surface 24 of via-
20  hole 20 and on an active surfaée 14 of substrate 12. Portions of first adhesion layer 25
that overlie .active surface 14 of substrate }2 are then imme&iatel)} removed, as shown
in FIG. 30. ‘ ' '
Next, as illustréted.ih FIG. 31, a layer 26 comprising low-K dielectric material
is deposited over rerﬁaining portions Qf first adhesfon layer 25 and over active
25  surface 14. Thereafter, portions of dielectric layer 26 that overlie active surface 14 are
removed, é;s depicted in FIG.‘ 32. '
A second adhesion layer 27 is then formed, as shown in FIG: 33. Portions of
second adhesion layer 27 that overlie active surface 14 are subsequently removed,

while portions of second adhesion layer 27 that are adjacent to dlelecmc layer 26

30  remain, as shown in FIG. 34.



any suitable renoval processes may be used, such as a selective wet etch
(i.e., the 30etchant has selectivity for the material of second adhesi on

| ayer 27 woenormeedsmat eri al coating 30). Thus, seed nat ecirals2aoabiisg 30
acts as a "nmetal mask" that prevents WD 2007/092176PCT/ US2007/002150 - | a-
renoval of portions of second adhesion |ayer 27 that overlie surface 24 of
via hole 20 whil e exposed portions of segond adhesion |ayer 27 are renoved.
Portions of dielectric layer 26 that overlie active surface 14 of substrate
12. may al so be renoved. Again, any suitabl'e process May be used to renove
material of dielectric |layer-26. For exanple, when dielectric layer 26 is

formed from paryl.eng0ras ThELEM FiGKR0WonReSl b gdt SPLRSIR idehBi pr ocess

may be enpl oyed. e desired portions of dielectriic |ayer 26 have
been renmousgtrs praybedosnal. Thereafteagdmosvads 3hyamainBgtwishinovahele 20203) b

surface 14, of substrate 12 may be re L t.abl e processes may be

used to rgﬂ}%@east .ég%b‘ifg?tfol‘fgﬁg)‘l%?reflf?s. g‘?ﬁiel’s%ir%ﬁ gyl?lr?. 25, 10i ncl udi ng, but
not linited to,whieFuss. 28 thetigles s hepitisthe ipnalesdoMNGXWAMPEE Charteing wrafulwi | |

renove material of first adhesion |layer 25 w.th,selectivity:oyer t.h

materi &I dPr fpamRg eanduetiyg vigs &%Fé‘?@ﬁlﬁlr&‘g‘égﬂf]i‘% %ﬁ%@égt’ﬁ%te@ﬁ’sﬁ%’gﬁlﬁ Ste

12. -EXAMPLE: Zadafel ifRorA&i EhEQugdr Bond bhdis tHest proxasieh @fayerssipd esedfio forpi ocess
that -may be used to Formvia holes 20°in a substrate 12 an(il_lhi Fsufgate, or.
passi vat e, condvdtircedasthaigpxtenchthrenebsbond pad tiat efe logated Qves EHPRIGE i

formed in substratl 6f ddscde ghown in FIG .29, a first adhesion |ayer 25 is
fornmed on aZﬁréacee §4 ofS ‘Via- 20 hole 20 and on an active surface 14 of

substrate 12. Portions of first adhesion |ayer 25 that overlie active

surfﬁégj- 14 of substrate 12 are thenéxg;rﬁ,ﬁiha_@gly removed, as shown in FIG
30. t, as illustrated in FIG 31, a layer 26 conprising lowK dielectric
mat eri al In another exemplary via hole formation and insulation technique, which builds

. upon the process flow described in EXAMPLES 1 and 2, the first adhesion layer may
be omitted and replaced with a process for roughening surfa'ce 24 of via hole 20, as o
$hown in FIG. 36. Surface 24 may be roughened, for éxample, by the process or
15  processes that are used to form via hole 20. Alternatively, a separate etch process may
. be used to increase the foughnes,s of surface 24. The roughness of surface 24 enhances
the direct adhesion.of dielectric layer 26 or dielectric coating 28 to the material of

substrate 12 at surface 24, as shown in FIG. 37.

20  EXAMPLE4
FIGS. 38 though 42 illustrate the formation of a via hole: 20 (FIG. 42) through
-én upper bond pad 15 caﬁied by substrate 12. When mask and etch téchniques are
employed to form via hole 20, a series of etch processes may be used. This is becanse
the material of upper bond pad 15 différs from the material of underlying portions of a
25  dielectric proteétive layer 17 é\nd the material of substrate 1;2,'over whiqh protective
layer 17 lies, and different etchants may be needed to remove these materials.
Iﬁ FIG. 39, a mask 40 is formed over active surface 14 of substrate 12. Any
suitable‘masking process may be used, including tﬁe formation :of a photomask over -
active surface 14. An'aperture 42 of mask 40 is positioned so “as tdfgcilitate material
.30 removal from a portion of upper bond pad 15. Aperture 42 may be located so that

material may be removed from the center of upper bond pad 15, or'so that material



is deposited over remaining portions of first adhesion |ayer 25 and over
active 25surface 14. Thereafter, portions of dielectric |layer 26 that
overlie awDive/®rrbace 14 are renoved, as depicted in FPGr/d200740as€c0ond
adhesion layer 27 is then- formed, as shown in FIG 33. Portions of second
adhesion | ayer 27 that overlie active surface 14 are subsequently-renoved,
whil e portions of second adhesion |ayer,@7 that are adjacent to dielectric
| ayer 26 30 remain, as shown in FIG 34. WD 2007/092176PCT/ US2007/ 002150 -
19 - ~Thereafter, as shown in FIG 35, a conductive |ayer 32 and any
underlying | ayers may be fornmed: Thereafter, any voids 34 remaining within

via hole 20, el : Lheg ;8BAYE fdin ihElh&FRpher BdiddS. 16
t hr ough 1§?m%r5??(velﬁli’le .el:t%g f{(ﬁﬁggg%q%?qﬁge{pl?ct%t he process- of E&AIVPLE 2 as
bei ng usefpad 15for form ng.conductive vias that extend through "blind" areas

of substrate-12, . which not incl.ude.inteqr LECUI LY 70 ds,
these processed Hiy™A ’Bg‘qﬁe%’sﬁ‘a‘e{ ISP?%?%%%%%&@?? \%gsvliég}sov%éﬂ'a? hgg‘?‘g%dﬁ

t hrough benehdeads of hpperadbad lpadateadapbeeffaitedeithbl simgle etchant ifnecessaysoof
fsubstra_te 12. 10EXAI\/PL§H3 . In a otper(gexe}g:gl 3@4 via hole for ma_tbi on and
i nsul a?i ofCRE¥hATiRle copdUucHVHIAYEHSs 2 YA Y P ttes §° FPBRY HPLGTHEEY IS
EXAVPLES 1;:88disdwogiPer bhiksttopadatiepivet ay@fy. may be onitted and replaced with

a process for roughening surface 24 of via hole 20, as shown in FIG 36.
SUrface 24 may ®ecorapQIHER &F Pratemtiv %é??ﬁllg,thﬁ‘qudﬁﬁlepr“@&%“s@‘@rpafsﬁp‘ﬁocesses

that are %Zﬁgsetdghlfo%gg?gb& ﬁmx'dgpa%ol-s,élrﬁﬁéﬁatréfﬁ%bm,praceﬁemaéﬁn@bréffopr ocess

may be used to I ncr “the roughness of surface 24. The roughness. of
surface 24emohmgdhematrsialipf pretechivrdayesd 748 edeaedas FlE. fhjlystaips ofhis

di el eqhr i ¢ ERANLIHyAE L At dif) BRIRH by 8 i RStd G Mishtroplc, bR, 24, as
If necessary, another mask 40", such as a photomask, may be formed over
active surface 14 to prevent the removal of material of protective layer 17 during
subsequent processing, as illustrated in FIG. 42. ' .
Portions of sﬁbstrate 12 that are exposed through the opening 20’ in upper bond
15  pad 15 and protective layer 17, and through aﬁ aperture 452” of mask 40", may be
exposed to an etchant to extend opening 20’ into substrate 12 and, thus, to form a via
hole 20 therein. While the etchant may be an isotropic etchant or an anisotropic
etchant, ei'wet etchant or a dry etchant, it is notablie that the use of an ariisotropic
etchant may maximize the aspect ratio of the resulting via hole 20.
20 Once via hole 20 has been formed, any resist remaining on substrate 12 may be
removed therefrom, as known in the art (e.g., by use of suitable resist strip ‘processing).
The surface areas of surfaces 24 of each v.ia.hole 20 may be increased, as explgined in
EXAMPLE 3, and a di’elec,tr'ic coating 28 (not shown in FIGS. 38 through 42) may be
fabricated over surfaces 24 of each via hole 20, as aescribed in EXAMPLES 1 and 2.
25 .Altematively, via hole 20 may be formed by other known processes (e.g., laser
ablation). - ' '
EXAMPLES 5 through 8 describe various techniques and procéss flows for

forming conductive layers within via holes 20.

30 . - EXAMPLES
Referring now to FIGS. 43 through 47, an exemplary process for forming

conductive vias that comprise copper conductive elements is described.



FIGS. 38 though 42 illustrate the formation of a via hole: 20 (FIG 42)

t hrough an upper bond pad 15 carried by substrate 12. Wen nask and etch

t echni quewoan@®/@ppkoyed to fOrmvia hole 20, a series oPcetusbogpnonssses nay
be used. This is becatise the material of upper bond pad 15 differs from
the material of underlying portions of a 25dielectric protective |ayer 17
and the material of substrate 12, over _whi.ch protective |ayer 17 lies, and
different etchants may be needed to renove these naterials. In FIG
39, a nmask 40 is forned over active surface 14 of substrate 12. Any

sui t abl e maski ng process may-be used, including the formation of aphot omask
over .active SU{)B@&?? %x%oléd‘ﬁoﬂ el ﬁn%gdosfurﬂ@éskzzﬂﬁeie%f tfae'cfH&?é?l wihdfe! O
facilitate material 3 rem)va roma portion of upper bon

Aperture Mmy:lbﬁri; ot dickdtrgometeaial, rﬁatﬂémsmallednlaflﬁe%émfoma @Fwtrlﬁe center
of upper bon opo t siateri /- 2150 -
20 - rerm\ﬁ'ﬂagﬁg?g Ot‘)’gf 58?92 ?rroocr??saesslé%havggé ‘3‘98.&;“ 1(gjflffcy‘;‘rlqéﬁzifomt :
center of mppde ubale qoadsuizfi}ces 24 of vid IsHies20 with i €Becti® mataigy asahay)fan]apper
bond pgd 15 1s regﬁve‘g] The renoval of material of upper bond pad 15 may be
effected vithFF SHIEPISIPEmIQUEs or . if necessary to renove multiple conductive

llayers, a pl uralidop @xsz@fl@ﬂ@§er éﬂ?e(ergenm/mammcams efEy(ehe, Miouhe50 Rsihidkypi ¢
or ani sotropic, eltﬁer wet Once a ortl on oflagrot ctive layer 17

0
t hat under‘P’F%éhetﬁ‘ﬂi‘?efP“’B%d‘S ﬁ&ﬂ‘ciﬁ?y inFIG 485 PPﬁrrl?ﬂEﬂFF A WYEHISSad 15, a

material rgppyglc &faﬁﬁ§§§ ah@%ev’eﬁtsﬁm&ﬁb&ﬂe {0 rdi BN PaweBea @ﬁﬁ@gh@dﬂ}ﬂf
protective | ayer iS effected, as FIG 41 illustrates. This 10protective

| ayer 17- r%mn@élcomqs@@g@umy chrangrd anfl o atsriahar Bateriglsi of diclestsic capyng 28

I f necggss r , zghpglgg B3S Yorni BYRr bok{gRd over
acti vg%zuréi%lg%%gpg g}gﬁle@%ﬂ%ﬁ?}g%ﬁva@%f mat grl al of pr otrectl ve | ayer 17
during subkgeguaditingudeesighavy lingitation, nium edride, thtdumgitrigy tajtalys, gnd
substrate 12,tha e e [y bond 15 pad
e ana pr oPEs i uRr a5aelal N AR 008, RRENP Gty LhpHaRE, PORE 15 D0,
exposed toSmnoretmlnamﬁng ma&ntal?snda:obedepnyltza'byllqnbwnsu@mssat(e gLZC¥h, thus to
forma via hole_20.there f, e ahel t,r Qi ht
or an ani sotropF8”5¥‘8f?£ﬁ?ppe§Y)\h feré?%eﬁaz Y}3)a<’i1°ver(§lr acp{ef‘l C%ciﬁtoq%gg%tg%%g?e
that tite use@ thén AR S KnodRi Proetsbafiiay heysehid mmelﬂliQe@sptﬁms afabpperof t he
resultlng V|a hol e nce via hgle 20 has been forned, any re

remai ni ng BHTIELIRY F’fﬁ? Tg“‘ HBg lB‘énPéﬁH\}‘&é 10 SRR FISH PraSeSReN o%?‘il%ﬁs Tﬂfﬁ’i b
(e.9.. by PaRefks. Spmn@b.lnﬁ ré:%%l/ﬂt afd BéRnBIQCR $6dsNE) partTifonsté tsofaedsalof
surfaces 24-of each via Role 2 may be increased, as exp Ialned i n EXAMPLE

3, and a dP@Cé@tW@OE%PPH@“E@f(CHBPCTW IpyerRPlsma WHBIEHD A P0rad. be
fabricated \(&{al?,um&cﬁ%e%]ﬂf padac) via hole 20, as described in EXAMPLES 1

and 2. 25A? ernatively, via hole 20 may be forned by ot her kno% processes
(e. g.230laser InFIG.45, aseed material coating 30" of copper (e.g., about 2,000-A thick) is

formed on upper bond pads 15, over active surface 14 of substrate 12, and on portions
of copper barrier layer 29" that remain within via holes 20. The copper of seed material
coating 30" may be deposited by known processes, including CVD and PVD processes
When blanket deposition processes are used to dep051t the copper of seed

25  material coating 30", portions of seed material cpating 30" that overlie active surface 14
of substra.te 12 are removed to prevent electrical shorting across active surface 14'_
(e.g., at lpcations between condupfive vias or between a conductive via and a bond pad
or other electrically conductive structure that'is exposed to acti\}e surface 14). These.
_pomons of seed material coatmg 30" may be removed by any su1table process,

- 30 including by known planarlzatlon or polishing processes (e:g., mechanical pollshmg,

chemlgal-mechanlcal polishing, etc.), with a spacer etch, or otherwise, as known in the

© art.



abl ation). EXAMPLES 5 through 8 describe various techni ques and
process flows for form ng conductive |layers within via holes 20. 30EXAMPLE
5 Rebansmgi7eow t o FI GS. 43 through 47, an exenpl aCy/yse@c@essé or
form ng conductive vias that conprise copper conductive elenents is

descri bed. WD 2007/092176PCT/ US2007/ 002150 -21 - Once a via hole 20 has
been fornmed, surfaces 24 thereof may be,goated with one or nore |ayers of
dielectric material, as illustrated in FIG 43, to forma dielectric
coating 28 over surfaces 24. Processes such as hose disclosed in EXAMPLES
1-3 may. be used to coat surfaces 24 of via holes 20 with dielectric

material, as ny uj =hnj " : Eigr | ayer
20" (e g, Ta et SRS A6 AR A ERIGHER (o8, SBRREL RO, o Ve
f or med, asidepeahpdsdsrcopp&d, isdérmEbpparrehaining poitwpe of 9@ rogteribl es

dielectric coating 28 and prevent,s undesirabl e, i.f i tween a
subsequean?f’?%#@eag%’b‘ﬁ’ﬁEnggﬁﬁ%t?\98%8?8%%4 Seééﬁg&?ﬁgdnn’%géﬁgg?ﬁagr material s
of di el ectcbhting @, iwihodBedping Db tregibas d2subsayiiZas fedturamtcerrial thetehgt may
be used to form copper barrier layer 29" ingcl u?e Wi tglou‘t li.m }ali on,

titani dm Aior eXBples g?ﬁ"ﬁ’l‘ GiecHPless %@‘,‘"&a‘ﬂ’cﬂé‘?rﬁ‘t‘)ﬂ,p aing- ot HECYFIVHS Plafigs e and.

ot her nat g&diAbfodifiatudCds BS clRerlidfrids &F aDBIVERM PAPPEh, &Y be used to
silicon-containing materials may be deposited by known processes (e.g.,

CVD). Por tselsagvely deppyiethe lsapparéf cpaduativedayer 34t- overlie active surface 14
of substrate 12 15 are then renoved. Known processes.may be used to rermove
t hese portions of copper barrier layer 29", including, but not limted to,
spacer etch processes. and maSk and éPehMitldéesses. Fol | owi ng renoval , and

dependpng at | epgl ol dcRaidw HPRR I BPMadlbelfiHRNE sobRRRS S SlBRPied,

portions of copper*barrier layer remafn within.via. hole 20 and,
opti onal | YFIGSveB anp@dr Thohd. 4B datrfer.la@d|29" Hetainssompletebydintast as # s¢edcoat i ng

30" of copper .(£.40.. put .2. 0 A thic i . ) s 15,
over acti at§U%‘f"é’%€h§§Bof’S gm?&g%rgoxiﬁ l%nnégssgélé)%%?%agggéeg%e%oopggg ggri er
| ayer 29" s b€boihrsedd hiatdiial coating 3" 20 baikier ypp2d"” dfat seatht fatated al

coating 30" may .be deposited b no racesses, i,ncl ydin g d-PVD
pr ocesses. ViHEYIB gl Ordﬁ’ﬁb'éi’élqr ﬁngﬁrg’agégfé%reé?%veﬂsﬁscf o n%'@%{ i tﬂ 9 t Hjeﬁe%eopper
of sead . portions of seed material coating 30" and barrier layer 29" may be removed by any

' suitable process or processes, including, but not limited to, use of a polishing technique

(e.g., CMP), a spacer eich, or the like.

EXAMPLE 7
20 Turning nc;w to FIGS. 50 through 53, an éxemplary embodiment for forming a
nickel conductive element in a via hole 20. is described. ’ o
FIG. 50 shows a substrate 12 with an upper bond pad 15 carried by active
_surface 14 thereof. A nickel film 15'is plated _oﬁto upper bond.pgd 15 by known
techniques, such as electroless, immersion, or e]ecfrolytic plating techniques. A via
25 hole 26 is then formed through upper bond pad 15 and in substrate 12, by a suitable
process, su‘ﬁh as that described in EXAMPLES 1-4. ' '
Thereafter, as shown in FIG. 51, a dielectric coating 28"" is formed over
surfaces 24 of via hole 20, on nickel film 15, and on active surface 14 of substrate 12.
Dielectric coating 28"" may include one layer (e.g., an oxide film formed by PLD
30 or LSO) or more (e.g., a dielectric lLayef formed from a non~sili¢on-contéining I'OW-K.
material and one or more optional adhesion layers, as described in EXAMPLES 1

and 2). Notably, dielectric coating 28" " need not be etched or otherwise selectively



25material coating 30", portion S of seed material coating 30" that overlie
active surface 14 of substrate 12 are renpoved to prevent el ectrical

Shorti ng wonrosm9acki ve surface 14 (e.g., at |ocations betwaspocoorisecti ve
vias or between a conductive via and a bond pad or other electrically
conductive structure that-is exposed to active surface 14). These portions
of seed material coating 30" may be rengyed by any suitable process,

30i ncl udi ng by-known pl anari zation or’ polishing prCcesses (e.g., nechani cal
pol i shi ng, chem cal - nechani cal -poli Shing, etc.), with a spacer etch, or

ot herw se, as known in the WD 2007/092176PCT/US2007/ 002150 - 22.- -

Next, as showgeh nEll%m%ubfegﬁaﬁgﬁgwsn AXELs. Bpudiig; a baRRHlaybr BOYIA CK)

whi ch conprises ver mai ni ng portrons of séed materi al
coating 3(h'howﬁ(mmydie foemkd peer dglecmimycobang 68'hbd sel ectively on seed

mat eri al coating 30% F‘@gﬂ’if’a gg%tﬂnc%cga%{l ot here(fg% %nae Bc%&ﬁﬁ%f’é”e ]S%C&,r .

features carriett hHe Rown @ ess
i mrer si on mh@tinleatidg 30 Eovkioh yﬁatymom;ﬁrsb mgppeﬁchrfofmgd es d1d;emmc amtinlgéZS"”

chenistries available fromPac, T sed to,sel ,,yel eposit the
copper Jof RBOERANR PIRSCsEyciC ggs by%ﬁ E:éﬁ)ﬁﬁﬂﬁuﬁ? o‘éé’é’%?(f‘{ MPLE 5
may be MOdiHoi@HasOMPWNAER ba ForsdtAW Vet Redd! fiteridBecalidg 49| Miakit @""Qﬁclubesr rier

| ayer- 29' remains conpletely intact as a seed material _coati r{gaSO" is

formed t heletnesure ¢4C Pastiiatiefaelaiyalo cagh vigdplsgh spas o facdiatetBeyi ons of both
seed mat er%ﬁbd&&?&d 6![gm§tgnaﬁ1rﬁ@0 PRl 30, RY Bfevéft the Qﬁbo@"r@oﬂﬁﬁmbﬁ§éf fEdW t hin

via hole 2 over upper- bond pad 15 are renpoved, as shown in FIG 49.
These 15 pwnterighsoasings@Ed thatouerligiremainingpPrgns ahepnsabenépad 4 apd ediverpy be

r emov by B Iy SS or processes, |nc| udi ng, but not limted
to, u?g) of & pglSIH {%?%}Ffrﬁ[ﬁgﬁ‘? (e.g., QwP), SE cer etch, or the like.

EXAVPLE 7 20Tur AisfgGn 6w1tlmtﬁtdssfolmmgmmfgnns®on sd«eﬁwamyk@lribolﬁtqﬁe nt for
LU 13 2 B BEhGRIELL 5, ST 8 Py foath i 2
surface 14totﬂ@emeaodonﬂuauwzé<hb/exf 32"tn(d.g., hamnglaahgﬁnesstaf abpywey mnctndtbpamlS nﬁl)by
t( gg\fllmnl aﬁggm L(I:S?,;é Slsatngg %‘g:atyrb%l e??e%:tedl anTz?rll’ysslu?trz]lbleoﬂ’rogésgCi%(r:l(l)xld%gi, Bu rllo%t ing
15  limited to, electroless plating techniques, immersion plating techniques, and electrolytic
plating techniques. As il]ustrated, mask 40"” limits the extent of conductiye Jayer 32"".
Once conductive layer'32"" has been formed, mask 40""”.may be removed by ’
techniques that are known in the art. Any nickel remaining on mask 40"" is lifted off as
mask 40"” is removed ‘ .
20 - Conductive layer 32"" may then serve as a mask for the removal of exposed -
portions of seed material coating 30" and, once these portions of seed material
éoating 30"" are removed, for the removal of the subsequently eqused portions of
dielectric coating 28"", as shown in FIG. 53. Such removal may be effected by use of
one or more etchants that remove the copper or other material of seed material

25  coating 30"" or the material or materials of dielectric coatmg 28"" with selecuvxty over

the mckel of conductive layer 32""

EXAMPLE 8 ‘
Another technique for formmg a nickel conductive e]ement of a conductive via
30 s descrlbed with reference to FIGS 54 through 56. '
After a via hole 20 has been formed in active surface 14 of substrate 12

{e.g., through an upper bond pad 15 carried by active surface 14, as depicted), and a



25 hole 20 is then formed through upper bond pad 15 and in substrate 12, by
a suitable process, such as that described in EXAMPLES 1-4. Thereafter, as
shown i n WO@oo7b2178 di el ectric coating 28"" is formed over/tSeed’acaso 24 of
via hole 20, on nickel film15', and on active surface 14 of substrate 12.
Dielectric coating 28"" may include one | ayer (e.g., an oxide filmformed
by PLD 30or LSO or nore (e.g., a dielegiric layer fornmed froma
non-silicon-containing lowJC material and one or nore optional adhesion

| ayer, as described in EXAMPLES 1 and 2). Notably, dielectric coating 28"
need not be etched or otherw se seleetively WO »

2007/ 092176RCT/.US2007/ 150 - 23 - o 0t MG t
deposi ti oﬁl 1%%885“5’?“ ?%ar‘fg‘i"?e{/‘,fg%“ daér\%qgl\rﬁ?%e;ggﬁ 0659\11%%{%%??1(%%2’) mag be

for med overrodhselieetibed in EXa¥NMRYER" and 2), a base lapersmenpristgan alumimani ng 30"
is then faqrnmed cdver. dielectric coating,28". rial.coating 30",
whi ch. mayc%HH’n:g)ri S8 Torm ?‘,’eriagnﬁl%sr"\‘féa&egﬁ’, YRSt gggﬁ??ggég’aﬂ%n%&f&’% by known

pr ocesses,coatisd)28SasBowHbh F1GP5A/DOrheedndfGiles inufn ieddsirdble besainh offts fow
phot omask, may then be fornmed over seed m?t eri al ,g}_gati ng 30". cg/as 40"
i ncl udés Shechpeal repisivayangdhe eassyath whicha i Bnp mapYbedgieedendo as to

facilitat e ,tBgelNtAI0SUGRIh eilmeio Mah &S beforinel By with@celes, Mludihgvent the
exposure of portions of seed material coating 30" that overlie remaining

portions ofithgyéimitsion. peecelIGY Rrrd P Jechpislussy These aragessechayhe 8ssdlo: As
FIG 52 i ldn‘l’ﬁﬁ'ﬁlﬂ §nd c n?lnlrlqyﬂ)ﬁ%att Qﬁn{i%mpgxﬁsemorﬁosﬁup%bpwd padl P ated

onto portions of” seed material coating 30" that are exposed'through each
apert ur e 4@t oveosiréraes 24 of melativdly dedpaly.er, high aspectgatiohgiiheles20t hi ckness of
about p. mto.ghaout ;5 t hereover. N | a1 B - Gk ed by any
Sui taﬁﬁe pr ocesg‘?'ef]trtl’(l: "d‘%@\%p,"sg’d’?‘ %ﬁg%esﬁ%la?ér(nﬂ%ee o?%%rﬂglﬂ ectro %@’ggg dting

t echni quesporiicmesfahefiliplthiti ang Idcecipivaquagiveandaed &4 bf shbstrate [J @tg. n
techniques. As.il]ustrated, mask 40"" |imts extent @f .conductive |ayer
5r e Hiafratits |8 § Byrsen Bt ite romblet AT FI SEEEN o Shaf FRNE NS o by
t echni queshd dTfdctal iy diable tebhitifeesafdr cxAmplen wdthedpac@naéciongplishingask 40" is
lifted off as mask 40" is renoved. 20Conductive |ayer 32" may then serve as
a mask forP"PHESSenoval of exposed portions of seed material coatihg 30"

and, qnce thesews fek@Bscetb e Y6 RRIHiIAE portioh9dF bighidlm fALE30'eNMgBe for
t he renoval of the subse’ﬁ#ently exposed portions of dielectrjc coating 28",

as shown igpamdavitsgickglchhe ginkdldpring condustive laver 3By " 0¥ BYMBRNE or nore-
etchants tHaf 36@MOWeifehhySARREE nRikeREG:idBR S0t Ry BeatpHtLtd fhm
conductive layer 32", if cénductive layer 32" is formed by a selective deposition
process, such as an electroless, immersion, or elegtrolytic platiﬁg process, the resulting
20  conductive layer 32""" will only coat exposed pdnions of seed material coating 30""
‘and remainin g portions of upper bond pad 15 and subsequent material removal
processes will not be needed. In addition, when such processing is used, nicke} may be
. applied to both upper bond pad 15 and over sqfféce 24 of via ho](_aAZO simultaneously,
rather than separately. | ‘ ‘
25 As conductive layer 32™" may extend over upper bond pad 15, it is not
necessary t.o plate upper bonci pad 15 with nickel or any other conductive material prior

to the formation of conductive layer 32",

EXAMPLE9 .
30 Conductive features (e.g., portions of seed material coating 30", conductive
layer 32", conductive filler 36 (e.g., a solder, such as tin/lead (Pb/Sn) solder, a |
so-called “lead-free solder,” such as a copper/tin/silver (Cu/Sn/Ag), tin/poppe'r (Sn/Cu),



25coating 30" or the material oi materials of dielectric coating 28"" with
selectivity over the nickel of conductive |ayer 32". EXAMPLE 8

Anot her f ewbroepe2f76r formi ng a ni ckel conductive el enentcofusaocootisect i ve
via 30 is described with reference to FIGS. 54 through 56. After a
via hole 20 has been fornmed in active surface 14 of substrate 12 (e.g.
through an upper bond pad 15 carried by,active surface 14, as deplcted)

and a WO 2007/ 092176PCT/ US2007/ 002150 -~ 24- dielectric coating 28 has been
formed over surfaces 24 of via hole 20 (e.g., by the process described in
EXAMPLES 1 and 2), a base layer conprising an alum num Fitm 30" is-fornmed

over active, surf 14, n 5 8, as
shown in EE! Vgﬁ@:ﬁ‘ﬁ ) 98 §gpcﬁ{néf‘§ %n %ﬁ'oi) %@?gﬁﬁlébgeeéﬁgggﬁ oﬁ‘fa][nh{!:gi ﬁ :

el gct ri caletd, );&lt%ri ealchwlzal?kﬁiletzgefggil&eomﬂmmw&mmhs gimuglﬂsmbslnatentz nédhehe for med
an patter ne um num fi (5) " Y rme no, essg d

i ncl udi ng,thee(REREES AISEAROSEIP @ hagk Sg? éiﬁf tr?’\?d i
processes Jimyiehe biaeddt @3 lémlsi‘lpstmeymagl IGeRhedml FIG. (3761'[ aI um num over -
exposed regions of u ad 15 and over surfaces 24 of. re| a}w&vely

deephi §h aspectWhap Pg)‘d \Yi?ahfﬂéi’r Q argFormerppechiiBed, igd cdfostlisaeh Visriledles
are used tg,{QL ?}ﬁsm{w H 5 budQde 13 gp%’ﬁﬂshﬁﬁslﬁy biesditdbie ploaéssalFar | ocat ed

over -active ‘sur substrate 1 g on protective:-layer 17, as
depi ct ed) ,gxasipée, keméﬁdckasmmr@te@@l@%l%ﬁ@“%ﬁcﬁé%wv bgage & TaYEt ed

Oy Ul L abl Rk B AYeSk 103 aa@gss%gt hBICRPGS s Rlerdfhd BRI MGe 13.

processes. erence -t remal ni ng portions um num film
30"" may be coated with nickel: The nickel forms a conducti-ve |ayer 32""

over glumnumfiim30" ". Wile any %;t;ﬁ ckel -deposition process nmay
be en‘spoyed to form conductive | ayeﬁ pL:Eflryconductl ve layer 32' is forned

by a sel ective Waposintinoed refprence®msIGs 6Gha amdafm @16c 6 pthasemaimsweitsingn, or

el ectrolytic. p i s,..the resul onduct ive I ""vviII

only coat W&B8 &9 gyg?%‘ﬁ@g yith confupiyes Hl?% e YUY ﬁsagf?hegr%e%ﬁoﬁéneﬁl ng.

portions QflldyRQ?' sBRﬂ;BB F@@hdlﬁuaélﬁlléuwﬂﬁyeﬁtapﬁﬂéﬂd @huﬂfﬁdm\BaM pfocesses

wi |l not be needed: In addition, when such ocessi ng ae used, ni cksl may
2

be appl i ecsubsirystlR tum/rsur}awﬁ BEAFSL.E- AntP HYER W F VARSI derapPgialisngica: 20

si mul yaneogsy ennti@édft%fmt O@a'as 38P AR e FARAS6GRAF ST EXRNPIBYRY drddn intdRY
extend over per bond pad-15, it is not necessary to plate upper bond pad

15 with ni ‘cCNéI34dW canyla@y hetions ohlieraeiveby.rendretaie filer6 may be foreed Wé@ Vign of
conduct i ve, Layss yrifer- new ﬂn"éss%re positive pressure, or mechanical force. .

As shown, a conductive bump 37 may remain on upper bond pad 15.
Altematlvely, or in addmon a conductlve bump could protrude relatlve to back side 13
20  of substrate 12. If desmad COﬂdUCthC bump 37 may be removed by known processes

(e.g., by suitable etchmg processes). -

 EXAMPLE 11
" Alternatively, as shown in FIG 47, any void 34 (FIG 46) that remains w1thm a
25 via hole 20 may be filled with a plug of an electrically nonconduptlve, or dielectric,
filler matérial 35. By way of nonlimiting example, a liquid (e.g., molten, uncured", etc.)’
dielectric; filler material 35 may b‘eA applied to active surface’ 14 of substrate 12 by any
suitable.technique (e.g., spin-on processes, spraying, etc.) and fﬁay be passively'or
actively (e.g., under pressure or force) introduced into void 34.to at.lgast partially fill

- 30  the same.



30Conductive features (e.g., portions of seed material coating 30,
conductive |layer 32', conductive filler 36 (e.g., a solder; such as

tin/l ead wBko&np2e! der, a so-called "l ead-free sol der, Pcswshoamonso
copper/tin/silver (Cu/Sn/Ag), tin/copper (Sn/Cu), WO

2007/ 092176PCT/ US2007/ 002150 - 25 - tin/silver (Sn/Ag), or gold/tin (Au/Sn)
al loy), or other suitable conductive mabgrial), etc.) within each via hole
20 form a conductive via 38 through substrate 12. Wen these features are
exposed to a back side 13 of substrate 12, they forma bottom bond pad 16
at back side 13 of substrate 12, as i 11 ustrat ed by FIG 57. 5Wen blind via

hol es 20 are fOlrqu'é gleégegl ?&és@ 16?%@?15}%; %\Qé‘fﬁl 35?11 eeret?nQ)v&@y be

exposed through a strate sui tabl e process. For
exanpt e, Kagmnwmmaku@mﬂmdﬂwgutechmmquésnmpnebchwhgugh0@65$ééO&ay be used to

renove nateri al omb si d ex Q or structures
t herei n t SUBHEK® %? %F Sl%f& &erEOWPﬁﬁqéﬁttg AGeY refererice to
FIG 57, a void 34 (FIG 56) that rerralns.v\/lthlnawa hol e 20 may be

filled with conductive filler 36, su lten Metal or netal alloy
(e.g.,SsoIder): , Conductive filler g%ﬁﬂangéggpplied to-a surface 13, 14 of

substrate 12 byTam¥ngStdw PFRS 80 eRSEida cmmunitafioR iy bd dhtablWBMEWRR! der
aPparatus, etc.); -15 and pernmitted to fill vaids 34. Conductlve filler 36

may, for e;@@#wteve \aes%ﬁ thys, & iligheir sarrpspondiig urpey bard pals, 1 5andeineaitiX el vy,
conducti ve,fd |ihehe %ewr@&r&%&mtme%ws@m@e}rssoa’@a wﬁﬁanm&tdewce '

pressure, positive pressure, or nechanical force. ‘'shown, a
conduct i vewbly n!vemtqwcrlémfﬁhe RergieatugiondeieR) ﬂlfﬁ commmlﬁ@t@s withyipper i n

addi tign, fgxogl]l%gq% s g{m%o zghﬂal QBQ&:LCEQQee‘;’Iln teJ QOtQﬁﬁlﬁoﬁngcf(sﬁ%\iﬁo of

Substrate - uctive renmoved
processes Exemal cindustve elbinentst Ehinay, h:yrwe:egé e)s)mple ExhVebEptise AictiBusteatéd/el vy,

as shown in lrl Gg?umptsr??ggn ugz 1(\jre 34 rlal((?fz g,[, n%etglh etzﬁn‘;?ll gﬁu%‘% 5@5 Qolgelzg\” a hole

20 may be T AR B SEr MiTar Ty Honco fve,  or
dielectri cconfdubﬂn&rpo‘rymef IaaionBﬁctoBfﬁllwponiina‘noﬂbl)mdnldugumqamlp&],lara, dri qui d .

(e.q. t uncured, ..e dlelectrl l'ied
to active ‘éﬁ'r”f“ﬁ%é)r aéf8fca§ﬁ‘%§f£xést congychive lﬁ?f’ \glaﬁc{\ éﬁ%g?@c%ﬁfaﬁ%@ ‘é’ltﬁpp

Spi N- QB preHEResEE fikReak dx@endaiLonlyalshgy tkekpas, Sdr\b%‘szs Qherasitl vely (e.g
under pressure gr force) introduced [nto v0|d §4m1at artlally f||

30t he sane. W@Wlegﬁ%m}m% OBy pegrsed to eléctrically cornect

semiconductor device structure 10 to another electronic component. For example, as
shown in FIG. 59, contacts (e.g., bottom bond pads 16) of semiconductor device
structure 100 may be aligned with corresponding pontécts 112 of another

20  semiconductor device componént 110, then the contacts (e. 8., bottom bond pads 16)
and their corresponding contacts 112 secured to one another, in electrical
communication, with external conductive elémems 50. The presence of separate
.contacts (e.g., upper bond pads 15) on the. opppsité surface of semiconductor device
structure 100 facilitates the disposition, or"‘stacking,” of another electronic component,

25  such as the depicted semiconductor device component 120, over semiconductor device
structure 100, with contacts 122 of the upper semiconductor device component 120
being aligned with and secured in electrical communication (e.g., with éonductive
bump 37) to corresponding contacts (e.g., upper bond pads 15) of the middle
semiconductor device structure 100, '

30 " Other examples of assemblies in which semiconductor device structures AIO'O’

according to the present invention may be used are described in Farnworth, as are



- 26., - | f necessary or desired, excess dielectric filler material 35
may be renoved (e.g., with a suitable solvent or etchant) fromone or both
sur f aces Wd,200#90f76substrate 12, as well as any feat uregctarsgooyovnper bond
pads 15) thereon. 5. EXAMPLE 12 Turning nowto FIG 58, electrica
comuni cati on may be established with conductive vias 38 and, thus, with
their correspondi ng upper bond pads 15_8@d circuitry (e.g., in the case
where sem conductor device structure, 10 is a semi conductor device, with
integrated circuitry of the sem conductor device) that communicates with
upper 10 bond pads 15, by securing external conductive elenents 50 to

bot t om bong, bads. 48 \ANALEANANELIR SLAT Sl IRY00 Bhy Y of exarpl e

only, conp e i rate s or nmps of conductive material (e€.g.
metal ,” a retapomtddy such as a sol der, -a conductive polyner, a

conductor-fille ol re etc.),, conductive.pins illars, or .colum or a
so-cal | ed z- axi 81[88‘%%{]@? F?/rég‘?’inéﬂ.esmt@ﬁ ?Oﬁél%dggﬁ%g%%cﬁcéc?\;?%s}fquh#i{]%ﬁ?eh
15conduct isgstiidPLEEINh Bin@th€ BebpB @ @Y preddi igvenkion] hitehereBsas padvidirgxi S, -

t hereof. External cqgnductive el enents 50 may bg,USed %ﬁ@@#ectrically
connec? sdHPEEHIRECbFoHeOf the RieseOLY mrefered FRPRATRILT PoRtEr conponent .
For exanpl&ahRfmeARWE thdinbb o Ray 68 ALASES whRhdo n&%gmmm]ers@dg ok6) of
semn conduct or device structure 100 may be aligned with correspondi ng
contacts ¥topepf tearerent Posetint: Jirgtuepfropedificient smbofbrentamay bekapleyrd

cont act s (iﬁ-c%mbmmch.? ni"l}%%@gpﬁf) e HenBB i, MR Lror O ihGiRReA dhd UnfiRAlAS Sy 112
secured to one another, in electrical comunication, wth external

conduct i vehekhppenied chkims The tpielsgrcguifalantpantherthen by dee forégoing . upper bond
pads ) on . the. oppasiLe. sur f 1 6 I Ce. STt Lhe 100
Paci | 10k bt ar SRgapish. dsPop and FIIFARSHAL B nEAN oDk WilcHicEa 10
conponent ,he2&iauchicasalt tviththethe oteadinpemidsoenpiof the ofkémis @ec drponlanated 20, over
sem conduc orbdevice structure 100, with contacts 122 of the upper

sem conduct’&¥*°devi ce conponent 120 being aligned with and secured in

el ectrical conmmunication (e.g., with conductive bunp 37) to correspondi ng
contacts (e.g., upper bond pads 15) of the m ddl e sem conductor device
structure 100. 30Q her exanples of assenblies in which sem conductor device
structures 100 according to the present invention may be used are descri bed
in Farnworth, as are WD 20071092176PCT/ US21107/002151)



- 27 - el ectroni c devices wthin which sem conductor device structure
100 may be incorporated. Al though the foregoing description contains nmany
specifics, these should not be construed as limting the scope of the
preSent invention, but nerely as. providing 5illustrations of sone of the
presently preferred enbodi nents. Simlgrly, other enbodi nents of the

i nvention nmay be devi sed which do not depart fromthe spirit or Scope of the
present invention. Features fromdifferent enbodi nents nay be enpl oyed in
conbi nati on. The scope of the invention is, therefore, indicated and |imted
only by the appended cl ains and theigLAl®egal equival ents, rather than by the
foregoing 10description. Al additions, deletions and nodifications to the

i nvention s, i $gheged herein which fall within the meaning and scope of the
clainms are to be enbraced thereby. - 28 - CLAIMS What is clained: |.A

met hod for form ng a conductive via of a sem conductor device conponent,
conprising: in reasig& E(fg{face area of. at .l east one surface of a substrate
of a semi condultor AdUTRYT LF fIRTRE LCRISNE ARt RIRNIII RV ext endi ng at

| east partb@F@%nghéﬁpggnghe substrate by renoving material of the substrate
fromthe at | east one surface; form ng a base |ayer conprising conductive
material diresing acedacsareaad as (g opasetase of meubsent ebmeeicordugmyidedcst r uct ur e,
i ncl udi ng over - sur f jthin the via
ol o; r onovi ng® s ef Pafos By R R AE o P ubp e 1B Bl R BXRENER ol 1L 0

sem conduct or seéxgirate bg remicting matewhlt df tinedubstraad from thhd [basend auyface;r emai ni ng on
the at | east .one surface of  the via hole; gpd sel ectively depostting

conduct i vETHERSH PAF 145t 0PRSS ROAGIHF Mabin! o SurkeesR{dle JURGEHC Ph form the
conductive Vi aghe semiconductorRy iR §RRGE in@h@hgbder af lé5§t]t6ﬁ5 sEPRE§eng: form ng

a dielectric coating over the at |east one surface of the via hole. 3.
The net hod of elbairate 2xpsedivithindhervindiolehe di el ectric coating conpri ses:

removing material of the base layer from some surfaces of the semiconductor device
structure, with material of the base layer remaining on the at least one surface of
the via hole; and

selectively depositing conductive material onto remaining portions of the base layer to

form the conductive via.

2. The method of claim 1, further comprising:

forming a dielectric coating over the at least one surface of the via hole.

3. The method of claim 2, wherein forming the dielectric coating
comprises:
forming an adhesion layer on the at least one surface;
forming a dielectric layer on the adhesion layer; and

forming another adhesion layer on the dielectric layer.

4, The method of claim 3, wherein each of forming the adhesion layer and

forming the another adhesion layer comprises forming a layer comprising an oxide.

5. The method of claim 3, wherein forming the dielectric layer comprises

forming a dielectric layer comprising a low-K dielectric material.



form ng an adhesion |layer on the at | east one surface; Formng a dielectric

| ayer on the adhesion |ayer; and form ng anot her adhesion |ayer on the
dielectric |ayer. 4. The method of claim3, wherein each of form ng

t he adhesion [ayer and form ng the another adhesion | ayer conprises formng
a layer conprising an oxide. 5. ghe met hod of claim 3, wherein formng
the dielectric |ayer conprises forniﬁ& a dielectric layer conprising a | owK
dielectric material. - 29 - 6. The nethod of claim2, wherein
formng the dielectric coating conprises formng the dielectric coating to
extend only to.an €ldgenofiodoflatand 2padeiemaformmg clontielactausoatinizlvotmipesasi a hol e.
he base |ayer

7. The mefhod of ¢laim®6, wherein renoving nmaterjal of
corrprisesgzol‘"E%i“PFg‘ﬁﬁlﬁTté’FF%*l“”é’ftoF’HE”J[; étqaégﬁéﬁeeﬁa henq R ghels POFPESR of a
surface of;u he vhomde. pad. 8. The method of claiml or claim2 herein

form ng the base | ayer conprises formng a seed material coating. 9.
The nmethod of claim8, wherein formng the seed material coating conprises

for m ng a Seed7. mat e{hieal‘%etﬁgaagll‘ nl%m%:?n&%r%fnn mBYmB Shaterial of the bgsg'l%%?e et hod of
claim9, further conprising: tAM ling a barrier ?ayer prior 't orm ng the
base | ayefomprises leaving materiall bethg®hftody@foncdtaéan 4 Qortoherrai sarthey off thg t he

barrier |ayer conprises formng a | ayer conprising at | east one of titanium
titani umbfirdrdle, tantal um and tantalumnitride. 17.The method of claim 9,
wherein sel ectively depositing conductive material conprises selectively
deposi ting copper. 13. The method of claim 12, wherein selectively
deposi ting copper cliwprdtisslofeladotirolckss 2pivatiemgprminpereshasnlaptat i ng, or
el ectrolytic plating. .é4. The method of claim1 or claim2, wherein
form ng tHWE'PHES OVQ35F383Hﬁ@F§ %18 ng an al umi num film

9. The method of claim 8, wherein forming the seed material coating

comprises forming a seed material coating comprising copper.

[0.  The method of claim 9, turther comprising:

forming a barrier layer prior to forming the base layer.

1. The method of claim 10, wherein forming the barrier layer comprises
forming a layer comprising at least one of titanium, titanium nitride, tantalum and

tantalum nitride.

12. The method of claim 9, wherein selectively depositing conductive

material comprises selectively depositing copper.

13. The method of claim 12, wherein selectively depositing copper

comprises electroless plating, immersion plating, or electrolytic plating.

14.  The method of claim 1 or claim 2, wherein forming the base layer

comprises forming an aluminum film.



- 30 - 15. The nmethod of claim 14, wherein selectively depositing
conductive material conprises selectively depositing nickel over the

alum num film 16. The method of claiml or claim?2, further
conprising: filling a void remaining within the conductive via with a filler
mat eri al . 17. The et hod of cIa&y116, further conprising: exposing

t he conductive via through a back side of the substrate. 18. The

nmet hod of claim 16, wherein filling conprises filling the void with a
dielectric filler material. 19. The method of claim 18, further

conprising: makdbng Ahsurfreadef ofain hé ieedimstledtivelyidepesitimptomdialvesubst antial |y

flush with a surface of an. adjacent structure or feature at a surface of the
sem conduci®§! 8W9:rése§ferlff"é‘t"§1r))éi%pos'“”g nicks 9"61'&5@ PP g fl(:511‘“'cl aim 16, wherein

filling conprises filling the void wth a conductive materi al. 21.
The met hod of claim20, wherein filling includes form ng a conductive bunp
t hat protrudes !fr omlae 5gHod o clofm ¢ oe cleem clorbiercomprisiagi ce structure.

filling a void remaining within the conductive via with a filler material.

17.  The method of claim 16, further comprising:

exposing the conductive via through a back side of the substrate.

18. The method of claim 16, wherein filling comprises filling the void with a

dielectric filler material.

19.  The method of claim 18, further comprising:
making a surface of the dielectric filler material substantially flush with a surface of an

adjacent structure or feature at a surface of the semiconductor device structure.

20.  The method of claim 16, wherein filling comprises filling the void with a

conductive material.

21.  The method of claim 20, wherein filling includes forming a conductive

bump that protrudes from a surface of the semiconductor device structure.
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