- 1 - TITLE OF THE | NVENTI ON. METHODS FOR FABRI CATI NG AND FI LLI NG CONDUCTI VE
VI AS AND CONDUCTI VE VI AS SO FORMED 5 TECHNI CAL FI ELD Field of the

I nvention: The present invention relates generally to techniques for form ng
conductive vias of sem conductor device conmponents and, nore specifically,
10t o conductive via-form ng techniques in which conductive material is

sel ectively deposited on the surfaces of a via hole w thout being deposited
on the maj or surfaces of the sem conductor device conponent through which
the via extends. The present invention also relates to conductive vias with
sel ectively deposited conduative |ayers, as well as to sem conductor device
conponents that include the conductive vias and 15sem conduct or device
assenblies that include the sem conductor device conponents. BACKGROUND
Background of Related Art: TheTpHIRORTHEIEMENTIONeVer - decr easi ng si ze and
ever-increasing ability in the electronics industry have driven a need for.
seni conduct or . 2ETHOISEORIRABRITAITING A Ni2 FIICIEING SONIDUETIVENIAS

semi conduct or devi ce packagsp CONDIECTDEE VEASISFORMERBNI ever -i ncreasi ng
feature glensity. One approach that has been taken to facilitate these trends

has been to make as nmany electrical connections between conmponents as
possi ble in a given anmount of "regkcemN@ifA. FIFIID area. This approach is
applicable to both adjacent conmponents and -non-adj acent conponents.
25donduCti ve vi aElqlﬂaﬂ;é Bé‘é‘ﬁ‘nﬂ%d“?f‘o?fﬁ?e&'/i'Hé“‘é‘rf\e’Glar“?so?&PerﬁHY FRuRm B ek n

conponent s ?&ﬂﬁn%%&\dﬁawolﬁm&%eﬁld’oﬁh@&w&vt& RRPoAdR BRI, mdddbpdelRblgr € net
directlY adjacent to each other. A conductive via, which may be forned

t hr oughl@ cle eQidpctixsayia forgnng sehutianssdn whish condestive seaersal by selpstiveld, provi des

such an el egigdsqad. mpaieuwcesG@Qdmxdlé/@]mz)memgme?aidea onfkd Hﬁ{%r@uﬂﬁﬂe@ofor med
t hrough the-substrate, an insulative 30linin t he - substrate is .forned

froma seni BWFEURSINGECET dQViReFQRPPYNt MRfoBgh th abRIvia ex e uthts RIese8t enent t hat

passes t hr oyghndfiaiop fitiBGoRBAIMIVE blammtgeneeh%}% aego@ltéd'cdr@ghmeqﬂyérg om t he
substrate by way of the insulative linin nost features of

seni conduct 8 WeB @ %@mlewuapmﬁwmemﬁéﬂa&ml@@éheemﬁﬁﬁﬂ\se ¥#s @nduct i ve
vias al $9 colhicBifuctdt HGt GA8Mblies thét include the semiconductor device components.

_ BACKGROUND
Background of Related Art: The parallel trends of ever-decreasing size and
ever—increasing ability‘ in the electronics industry have driven a need for semicenductor- i

20. devices, semicondﬁctor device assemblies, and semiconductor device backages ef
ever- decreasmg size and ever-mcreasmg feature densxty One approach that has been
taken to facilitate these trends has been to make as many electrical connections between
components as possnble in a given amount of * real estate,” or area. This approach is
ﬁpplicable' 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 formed through a circuit board,
an interpeser, 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 condﬁctive material, and a
'conductlve element that passes through the opening and Wthh may be electrically -
1solated from the substrate by way of the insulative lmmg As with most features of
,semlconductor devices, the dimensions of the various elements of conductive.vias also

contmue to decrease.



U S Patent 6,841,883 to Famworth etal. (hereinafter "Farnworth") describes
exenpl ary processes for form ng conductive vias through sem conductor device
structures. In current state-of-the-art processes for fabricating conductive
vias, via holes are lined with materials:with | owdielectric constants, such
as parylene and the 5fl uoropolymer resins (including, but not limted to,

pol ytetrafl uoroet hyl ene ("PTFE"), fluorinated. ethyl enepropyl ene ("FEP"),

et hyl ene-tetrafl uoroethylene ("ETFE"), chlorotrifluoroethylene ("CIFE"), and
per f | uoroal koxyal kane ("PFA"), which aré-nmarketed by E. 1. du Pont de Nenours
and Conpany under the trademark TEFLON). Al though these and siml ar
materials my be used to formvery thin insulative coatings 10on the
surfaces of via holes, they do not adhere well to the materials (e.qg., -
silicon) of many.Sulatent£:84d.88R o Hegmwarth chaly (herdipafies “Haawoghedesesibeso t he
conducti ve L te ﬁj’%"% |\Yasi e j ia holes to
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fabricating cpnduct i.vwe,via it h state-of-the-art dinensio ® -
capabi liti ar%f:{f‘?gy gﬁpﬁ%g?rﬁg&é‘cﬁ)‘:’%ﬁs %nedr# %:%lﬂa(‘ﬂ}'c"tngf T %8\??0%’“?%3‘?@3‘3?1?1 o?h
t echni ques.AlloSgh MR dFmilhMEREH O n2iy THeaispd esfont vieryvidint ineul ativecdoadegs a

vari ety of aspects for.fabricating conductive vi,as thrqugh a.substrate, as
wal | a0l e R et o8 PGS HevIE ARAEMEE welap HE SpaEh S M e TS T 25 e
conduct i ve mdngubsirutesi thiotplredichtveéa Bblesiat foimsed or to the odndwdtive thatartald thati ng one
or nore conductive vias igcl 5delst{‘or.rri n% ne or ngrccl?.vila hoée%.. The via

hol es may &%t SREEHEMHY, TEedBeEA Mgt Vie fiP 53% ATARE P COLFUE VD a

sem conduct or dé&hedew adhesioi @rspaséielecwic manedidlgras sedli tho potemtad fordevi ce
structure. .Vvia imnating the

ot ent il FBPAIRNERP| SRABPTIR e 4 i R Bt Reter o srivgrea i ch
are forised i Bicrighbétaen & condudiitd enand the-suBstrate through which the conductive

via extends. ' .

.In addition, some of the processes that are currently used to fabricate conductive
vias are cbmplex, require expensive materials or equipment that is not widely used in
semiconductor device fabrication processes, or are otherwise un.desirable.
20 Accordingly, there are needs for proceﬁsés 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 fox:ming 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 hblé, which are formed through layers of different



materials. The via holes may be forned or subsequently processed in such a
way as to facilitate adhesion of materials that are subsequently introduced
therein to the surfaces thereof. Such processing may include providing via
hol e surfaces with roughened features or other features that enhance the
surface areas thereof. 5Alternatively, such processing may include the
formation of a.dielectric coating that includes one or nore filns that
i nprove adhesion of a material having a | ow dielectric constant to one or
both of the material at the surfaces of-3he via holes and the conductive
material that will subsequently be introduced into the via holes. The
dielectric coating may be formed in such a way as to extend onto an edge of
10 a bond pad that is continuous with a via hole, thereby reducing the
potenti al fmatedihlecThe el hcﬂdsmny hgfobmtd\/eesubsccpamsemoemshq' inf smloh maiyed to

t he .subst

conductive and,t he terial of t thro t
conduct | ve teddbiieen s Bp 47 FuRERRBAF e bRt vl Nals bltfocgs 1
f or med overthte&af S&Ich@ﬁe&sﬁﬁg m@hnau@e ﬂrohdlngBya hely soffacex aripl ughengd t he
barrier . rial revent .in rdl&L n 15 bﬁﬁ Sn a canductive materia
and the mat FE“@HSOBPYhQ fealisgs ﬁ‘???}g‘aﬁ“cﬁ’ f gaSF A6PS FfE%ubstrat e through whi ch
L hfa VIb a fol e extm@iﬁau@mdueﬁ pmic:ﬁﬁigeﬁd)&hclmthbéomédtfmdﬂ@@bllbd’lilﬁchahﬁngVI a

ol e a variet rocess or. exa ed material coating or

ot her Ybase‘hﬁ‘a’y@i(' esrfﬁ'{% ‘Hé’“?%?‘i’@él ﬂli‘ﬁﬂ“prf’{'??fg‘fggggfﬁ mafﬁitﬂ‘fé?‘ﬂ@%ia %Wre?mve seed
mat eri al fr g@lebiideshdial 16 08¢ ONBotR bf the 2QBETHI a0the Warifides € WieGga Béledsidihe (e. 9.,
the major surfaces of the sem conductor device. ?$tructure The seed

materi al -f afqApeiteaBateraidhat Wl syPsapFtiye RATEET ke Hervds %‘%{F desi red

| ocations, such fge ﬂl\éﬁl‘:tric%aﬁl% frag 86 fétme@ acbuchiaaw iAo eXitis onmeedtgb ef seed
material coatin E covers on|ly desired, portions of .a sem conduct r device

struct ub®, #RendRaddhetds entiers ith ariahqle tesrbyciedying theRatendiati®d into t he

via hol es aadctﬂz«,/aﬂrsh@.ﬂ)sg@ten&renaiuﬂ@auér@lq fhisHAtddREdQftive Ve SRITHE Aatkiial of
on a bond pad t hrough which a via hol e extends and

devi ce structure &}g g

Wit h -whi ch thesubsyAtsRIqugR Which WFICP“‘B’GH?‘RIY\‘?G ECB 5. . Further, nore
conpl ete fillingaQiydrBefivharBahRr fRkrkNaRy BSo aemmhlo%laxe@le%rtf&egof tdcher
material. |f desired, the surface of the conductive via maé be made fl ush

with one or Videl- fsnvay ekexsmnple aniy dhe bERGLBREFiakReY P veRRGFFpsion

15  between a conductive material and the material of an insulative coating or of the
substrate through wh:ch the via hole extends.
Conductive materla] may be introduced into the via hole by a vanety of
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 2., the major surfaces of the semiconductor device.
structure). The seed material facilitates selective growth of conductive material at
desired Jocations, such as over the surfaces of each via hole. Thus, once the seed
material coatirig covers only desired portions of a semiconductor device strucfurg, 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 v1a hole extends and w1th Wthh the conductlve via will communicate).
Further, more complete flllmg of the via hole may then be accomplished w1th a
filler material. If desired, the surface of the conductxve via may be made flush with one
or more features of the semiconductor device component. |
- 30 ~ Once a conductive via has been formed in accordance w1th teachmgs of the
present ‘invention, conductive material at the bllr}d end of the via hole ;md, thus, at the

blind end of thé_c;onductive via, may be exposed by removing material from the



300nce a conductive via has been forned in accordance wth teachings of the
present invention, conductive material at the blind end of the via hole and,
thus, at the blind end of the conductive via, my be exposed by renoving
material fromthe - 4. backside of thesubstrate. The sem conductor device
conponent may then be assenbled with and electrically connected to one or
nore ot her sem conductor devices in any suitable manner. O her
features and advantages of the present invention will beconme apparent to
5those of ordinary skill in the art thrBagh consideration of the ensuing
description, the acconpanying drawi ngs, and the .appended clains. BRI EF
DESCRI PTI ON OF DRAW NGS . I n the drawi ngs, which depict exenplary
enbodi nents of various aspects of the 10present. invention:, FIGS. 1
through 3 ibh¢ksigiercdthe sahsteatanpheseaticepdugioh A¢\dereccomepanentimay thgnpea hol e
partially - Lal:es - ' npl e of
a process %gg;c%g%n\?l h%“?%?%lﬁaé1yecpc%%l'et@ f} %'f ﬁ%geugtﬂgraégﬂgﬁd%ttog?e‘%%SFl GS. 5
and 6 depi dn aighsuitablepteaneft. a process for passivating surfaces of a via hole;

PGS 7,and 8 sl (aREiCald Bilaflagts BARE bRberk BNRRAGY B BULASERA B V1 2

hole; FIGS. 9 a ["'ustrate tron and option erning of a
seed maber ittadse obatdinagy shibiin theraitabesigb fousiderationaiféhe ABRING desdriptioprsent s

sel ective deposition 2{ A C ctive t_over surfaces of a via hole;
FIGS. 12 tﬁ?%ﬁn&%qlﬂgidﬁ %‘ggigpgﬂgndpgx?ﬁg%gm%" a techni que that enploys
nonsel ecti ve deposition processes to forma conductive ‘layer over the

surfaces of .a via hol e; f%i&DﬁéC}{ZP’fldb?BWR%N of a sem conduct or

devi ce structure that inc es an electrica conducti've, -
oxi dat i on-resi stlanie drawimgswdriclatiedigastmalapoerhbastimenits af barsusespdcesyaithe seed
mat er i % coatsie‘gig veorimcl:_onducti ve |ayer that "extends onto a hond pad of the
seni conductd fyey Sstructure; ‘

FIGS. 1 through 3 illustrate an example of a technique for-forming a via hole

partially through a substrate;
'FIGS. 1, 2, and 4 depict an example of a process for forming a via hole ..
completely through a substrate; - ‘ S o
15 ~ FIGS. 5 and 6 depict an example of a process for ﬁassivating surfaces of a via
hole; : ' ) SRR o
.FIGS. 7 and 8 showA fabrication of a barrier layer over surfaces of a via hole;
FIGS. 9 and 10 illustrate the formation and optional patterning of a seed
material coating over surfaces of a via-hole; . ' |

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

FIGS. 12 through 14 illustrate an éxémple ofa technique that employs

. nonselective deposition processes to form a cqndu'ctive layer over the surfaces of a via
hole; - .

25 FIG.15is5 a rcpresenpation _of é semiconductor device strﬁcture that includes an
electrically; conductive, oxidation-resistant film over at least a'ponion of a barrier layer,
seed material coating, or conductive layer that extends onto a bond pa_dl of the
semiconductor device structure;

- FIG. 16 illustrates 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;



FIG 16 illustrates an exenplary process for filling a void that remains
within a 30via hole with a dielectric filler material; FIGS: 17 and
18 show anot her exanple of a process for filling a void that remains within
a via hole wwth a dielectric filler material; - 5 - FIG 19 is a
depiction of a void in a via hole that has been filled with a conductive
mat eri al ; FIG 20 illustrates renoval of material fromthe back side
of a substrate to expose conductive |ayers at or near a blind end of a via
hole; . 5FIGS. 21 through 24 ar.e cross-sectional representations show ng
acts, in an exanple of a process for forrning a via hole and coating, or
passi vating, surfaces of the via hole with dielectric material; FI GS.
25 through 27 illustrate exanples of the deposi-tion. and patterning of a seed
material coati ngl(ovmlssurefaaaesobﬁ veidvih a vivhate thiOids®Sen 2iBed withugh 34 are
cross-section esentations of another exanple of a process for formng
a via holef Fla gurfaces of the via hole with dielectric material ;
FIG 35 depicts Flda ed mnmtémmfvalaffenmnmoaa G0 Badicsilly of h sutRtrateand
underlying 1 ayers over éhe' surfaces Vi aavgoiq.e shown in FIGS: 28

t hrough 34exBdspreRsiuchye layers 8707 Raapad P@E’F‘i"fs*hﬂ P¥e formation of high -

surfacesarea fesi@ses, thidigh 28%rd SYGNARESNH agkdseastiod shblgngatid e of a via
hol e to enhance adhesion of materials thereto, and the subse%uent formati on

of a di-el eEX3MpleohdBFocstser farming ¢ Ka holg 4nd coatings gr RAFSPAHRE, SPIIAFES of the hol e:
FI GS. 38 t RIOonadwAR dididddsé mategiaBnot her . exanpl e of a process for formng a

via 20hole in a_setni conductor device structure; FI GS. 43 through 46
are cross-secti SHaP- Fehraeh At dipie W“’&#Sé&meéo%?‘m angptesu8E PH? f or mi ng
a copper CoadURLENA bhdngNbiddifateY bfa DRIRIe; FI G 47 depicts

introduction of- a.dielectric filler into a void.that remains within a via
hol e f&P1 owing F é%ﬁ%‘l’l%’ﬁh&f* a5e QTGRRItFCHPRAL epresentatipsce angther srprmple ebwy ki

anot her exgpRka/ fbr Rfr%@g%vl‘a%lef A dofidig HififaBes"STRREYia hole with dielectric
. material; ' , o ‘
FIG. 35 depicts the formation of one or more conductive layers and underlymg "
layers over the surfaces of the via hole shown in FIGS. 28 through 34;

15 FIGS. 36 and 37 respectively show the formation of high surface area features,
such as roughness.features, 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 ho]e in a serniconductor dewce structure; '

FIGS. 43 through 46 are cross-sectional representatlons of an example of a
process for formmg a copper conductive via within a via hole;

FIG. 47 depxcts introduction of a dielectric ﬁller into a void that remams ‘within
a via hole following fabncatlon of a conductive via;

25 FIGS. 48 and 49 show another exemplary process for fabrlcatmg a copper
conductwe via within a via hole; ) ‘

FIGS 30 through 53 are scllematlc representatlons that illustrate an example of '
a process for fabricating a nickel conductive via within a via hole, .
FIGS. 54 through 56 deplct another exemplary process for. formmg a mckel

. 30 conducnve via within a via hole,



conductive via within a via hole; FIGS. 50 through 53 are schematic
representations that illustrate an exanple of a process for fabricating a

ni ckel conductive via within a via hole; FIGS. 54 through 56 depict another
exenpl ary process for. formng a niekel 30conductive via within a via hole;
FIG 57- shows exanpl es of processes for exposing a blind end of a blind via
hol e and i ntroduci ng Conductive filler material into a void that remains
within a via hole folloiving fabrication of a conductive via; FIG 58 is a
cross-sectional representation showi ng ageonductive structure that is
5secured a conductive via at the back side of. a sem conductor device
structure; .and FIG 59 is a schematic representation of an assenbly that

i ncl udes a sem conductor device structure that incorporates teachings of the
present inventi oRIG. smgskxﬁﬁﬁewﬁm&é\d&s@oﬂemdangmmlemoiabhaemaconduct or

device strugture 10 accordin res i'nven out
linitation, ﬁ%‘SﬁBﬁi |"§é°adé‘0§‘§r?f)ﬁ‘g’r’fﬂu%%g?r %@\9{1 e‘m(oea i hﬁ'? %%/Wmh\?l %€? such as
a dynani-c r RSIgONACERTELrCAIOHN Yf 4 SdARAMiVe vist at i ¢ random access .menory

(" EEPROV' )’ magnEloco Bdoms e besl Hemor A ovRIE o Graucig SeripPetisssor
a m crocont Euted a cohdudipie B hinbe BRK i of Y sediidbnabirer ddw@estricnus@mingonduct or
devi ce), another_el ectronic conponent that nay be fabricated by

seni conduct or de§Fi€e>% BRrschematisieRERmAgROE a“é?se’é’ biyhatingludeya. g., an

i nterposer, sémiebhdutidr d2ORE Fru@ine tat mcorporaté§te5étﬁ]gsloﬂd1é prebémiPention.
semn conduct or "device structure 10 according to the present invention

i ncludes a substrate 12 with an active surface 14 and a ‘back side 13 20

opposite from-active SM@BE@S)%R&WY}N@@@TWW@N‘T@Na full. or parti al
waf er of sem conduct or material (e.g., silicon, ([:1al i um arseni de, indium

phosphi &, etc.); %lecw'ebﬁuua%wcaﬁe 10 a¢qoxdips q thgppgsenipReniigB Mayat e

(e g., sili W@;o@ﬂnﬂlt&%ﬁ éorﬁgﬁe)a; semté‘dnhh@tgﬂdémces@@pm th&mbr xc)e; such as a
silicon-on-ceramc ("SOC'), etc.), or even a dielectric .
%&ﬁ@o}iduct or

sapphire, c8yaamic ransdony pesess emery (‘RRAM Dojtatigranors apesss EFE’OTES

devi ce strugfau{ﬁleﬁ@rﬁ%yect}fcany @%ﬁegmtgpmtrqtm%&& IR ORPH kMg Vi as
that extend partially inte or conplet€ely through substrate 12 rocesses of

the present f‘i"ﬁ‘t?échéﬁﬁ LG MRMt)eaCata TRISEODTQUEFSOF qr@tﬁétcﬂn@fpllermm er scale,"

prior:t @5 imaging device; or any other type of semiconductor device), another electronic
component that may be fabricated by semiconductor device fabrication techniques, ora
substrate (e.g., an mterposer a circuit board, etc.).
As FIG. 1 illustrates, a semiconductor device structure 10 accordmg 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
semiconductur material (e.g., silicon, ga]lium arsenide, indium phbsphide etc,), a |
semiconductor-on-insulator (“SOJI”) type substrate (e.g., silicon-on-glass (“SOG”)

- silicon-on-sapphire (“SOS”) silicon-on- ceramxc (“SOC”) etc.), or even a dielectric
(e.g., glass, sapphire, ceramic, polymer, resin, etc.) or metal substrate.

25 Semiconductor device structure 10 may be processed to form one or more’
conductive vias that extend partially 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 to 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 substrate 12.

Mask 40 may be formed by known processes.' For example, a photoresist may be

diqused on active surface 14 of substrate 12, selectively exposed through a réticle,



separation of adjacent conponents from one another, as described in
Farnworth. Wth reference to FIG 2, in formng via holes 20 (FIG 3)

t hrough substrate 12, 30 a mask 40 may be formed over a surface (e. g.,
active surface 14-) of substrate 12. Mask 40 may be forned by known
processes. For exanple, a photoresist may be di sposed on active surface 14

of substrate 12, selectively exposed through ,a reticle, - 7 - then
devel oped, baked, or otherw se processed, as known in the art, to forma
phot o resi st nask or "phot omask. " -Apertures 42 of mask 40 are

positioned so as to facilitate material renopval from portions of one or nore
upper bond pads 15 that are carried by active surface 14 of 5 substrate 12
and, thus, ‘the formation of via holes 20 (FIG 3) through Upper bond pads
15. Apertur esem&venapedb,enakecmfdr gﬂfeﬁﬂﬁssp'oassséd) af Gnoww irathe artes Bnwighbtdesi r ed.
dr oss-secti onal sh P&}g 9‘% gircular, square, etc.). As showmn in FIG 3,
vi a hol es Zdesr?%{)}ml? & ‘ﬁ}‘ough upper bond pads 15. and into-substrate 12

by exposing the dedu@ébSﬁlX(ﬁrﬁaskw%@fsxtnﬁﬂeﬂb@ﬁﬁdﬁﬁﬂrtz@é midepial reliovd! fiémpads
15 and substrate 12 that are exp osed thrgugh apertures 42 to one or nor e

etchants.  SFHAI08 OpgPr F‘é’Fﬁ)‘JHH?{:; barepat £ 2 fiah pregirrifdsr A0S qULfRGGs 4

substrat g 1Zubange Bidnd, MhA! thefrbﬂﬂmleﬁbewaaiordsmewm Iihdoagh hﬁ)eetbaﬁ@nt or
etchants that are used to formvia hol es g? belsotroplc ., etchin

al | directidiids &?- SRESWEHEH? éf}aly?etcﬂ’éfl%ué?fjesor%f’tt viahyolesi20 ‘g?si‘re‘é not

i sotropic), @édsSettidnal gqaggg:@agf I diuRf Qq@‘ﬁétdt@yl ar | y usef ul . for form ng 15via
hol es 20 with high aspect ratios é%] ght -t o-w dt h, cross-secti onal

di mensi on; rati o} shestein G- deyja holes %QTB"\%H‘: ?rarﬁdgh"&eﬁ 3?@?1'1’2“‘3 RAduigh
apertures 42nafinloRasdrAD1215§ hipo\éing M&ﬁor%qe%f @Rt p&EolePId) oh apser BERD

formed. Alternatively, known |aser dril {’)rocesses may be used, with or
wi t hout ¥ mersds 13 ang whﬁreﬁeal?%frtége Wquﬁ‘ tErﬂyg ARETEIrGSA2 tmeOr MfIre C1CRANS 40 nmay

be used in tsﬂﬁatﬂé@@r@%ﬁrosfh?‘me inteRhiaf u%peﬁﬂfnd?éw suBstfatd £1, afd 6hant may be
used to renove materi al per _bond pads 15 threugh ap ertures 42. A second

ei chant or dBlepepingfageHal la)éf‘éﬂ Y"é“lFé}PﬁﬁVé’aﬁh‘t’reer‘F}&lms( atgre “ﬁéﬁ%ﬁ%‘é&?ﬁosl licate

gl ass (BPSGho1& 00hNWBE isofbFic Xi.fet@N| aQraifdeiéhsit @&t%&tn'u‘éﬁy tHeBURE Satdyort hat
lateral ly surround. and may un erlle upper bond pad 15 rough 25apertures

42, prior tAMSPHOPISHpE-ePY IFQURBICH anFPURBISIEIhONtS AFS mwlaruv lfer foapingal |y or

SUbSta”tl'Sa| | Ya B&@Y@%r%r%ﬁaéﬁl@&%a&%g RAg - t%ﬁvr@ﬂfjoPEr%E@Eéchﬁal'dﬁM@r{sxoV are
etched, protective |ayer and the renmai hi ng portions of Eglﬁ bond pads 15
A

may then sergéos Nb?tmﬁ rnayrthedaRveshiremn suistiaty ) threugh apegpres mask dbst r at e
12 is remveg a HoRdI Rof delifed &gmu b@én f%tr,sb@nkﬁema%enwﬁo%%e} 0 renove

materi al of substrate 12 are sel ective for
drilling processes may be used with or wrthout a mask to form via holes 20 in

substrate 12.

20 - A single mask 40 may be used in the process shown in FIG. 3. For example,a
first etchant may be used to remove material of upper bond pads 15 through
upenures 42. A second etchant or solvent may be used to remove material
(e.g., borbphoSphosilicate glass (BPSG_), a polymer, etc.) of one or more protective '
layers 17 that laterally surround and may underlie upper bond pad 15 through :

25  apertures 42, prior to the com'plete removal of mask 40. As.n‘iasl:c 40 may be partially
or subslarrtially removed while upper bond pads 15 and protective layer 17 are etched,
protective layer 17 and the remaiurng portions of upper bond pads 15 may then serve as
a mask through which material (e.g., silicon) of suostrate 12 is’femoved. Of course, the
etchant or etchants that are used to remove material of substrare 12 are selective for the

- 30 malerjal of substrate 12 over the materials of upper bond pads 15 and‘ protective
_layer' 17 (i.e., the etchant removes the material of substrate 12 at a fz_is‘ter rate thun the

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



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 'materials of upper bond pads 15 and protective

| ayer 17). The use of a single mask 40 - 8,, prevents msalignnent of the
sections of a via hole 20 that extend through different material's: '
The resulting via holes 20 may conprise blind via holes, as illustrated,

whi ch do not extend fully through substrate 12 and, thus, include blind ends
22. Blind yia 5 holes 20 facilitate vacu®m handling of sem conductor device
structure 10 or a . fabrication substrate (not shown) by which sem conduct or
devi ce structure 10 is carried during fabrication of conductive vias through
sem conductor 'device structure 10. Alternatively, as ‘depicted in FIG
4, open Vi a pieleas naiBalignnidne bf de semidncofiypyieheley2( thaoegéndshbsigh differdi?, may be
formed by renpvi g the material of 10 substrate 12 through apertures 42 of
mask 40. ma°W£ a phot omask was .used -as mask 40 to facilitate materia
renoval from sel elt}i'e&elsdlmfg'ﬂm aoks 20 map pemplisnblimibvis hbles, subsdmaidewhizh dand any

ot her materi al conduc evi,c ture 10, the
phot onask nﬂ?tﬁgaxgéivéQDBﬁ & H@eﬁéﬁairhs F5ﬁ5%§1"gf88%g§eéﬂwgv@ been

comgl eteg. l1}5]33QO&hkfxflﬁFvaa%léummaﬁ(ﬁlIri:jgf]tffSSmﬂi)n?&mdS‘r delvﬁcehﬂhetﬁ@m&(h maK be
sufficiently rou acilit e n o teri s thereto.. Suc
roughness nagTal %Fl‘iﬂﬁ{féﬁ (f‘?l‘rsgﬁaﬂ) WEPEP}CQP “‘il%rn%\)'éﬂe sHpPgeEsO ‘B)?a’if\ﬁflch vi a
hol es 20, 2Q1unag¢aﬁr%ﬁ&dof&fndb&w@wmemags s@ﬁ@@@ﬁmd}mevﬂé@su@s@mbe wi t hout
limting t he scope of the present_ jnvention, 'via holes 20' may be.

formed by -a tetr MEPRHVEDBhACRICtES By idG: deoRenTifpplys mtwbﬁhél"@ﬂd(e g., 9:1

H20: TVAH) , acowetaymowgﬁ BJMEJQ%W&L FMntd YO kéH6)ing HRORaibRAIPXi de), and
C6HB07 (C|tr| Cc aci 1: INRIF: H202: -C6H802), with an SF6 pl asnma

etch, byfa (fé%raé‘ﬂz%?f‘&?‘é‘é’&f‘i"i‘i%@ ghmask4D. ("RIE), " or the Iike.

Al ternatively, Viiga pholofmsi@as 8f2d ab RAbk h@v&faeﬂme fokdrg ré%\xat 18 sRlee@gSSses
may be roughened by use of a suitable, roughening technig such as one of

the just- deéE?ai“BB%lo%lfRﬂ?r P@Mﬂdaaéssubszaw%aﬂéw @W@éﬂ@&?ﬂﬁl '@Yers or feptugefst r at e

12 i s for medyfEAPoAnRes deINduth&ireMat @k btoa{as@nmgmé%ﬁ]bv& SREbend al | _
surfaces 24 of via holes 20 may be Iine coat wi.th dielectric rraterl al

to form a dimeredalremova proaseepBaveiire ROPIE¥Ent s el ectrical shorting as

el ectricgl currenfs QUECONENSEcAlRREHiE fYiet0y26haly %&&ﬂ&lémlﬁbg ito
through via hol es 20. The thickness of dielectric coatl ng 28 may be tailored
t o positi on facilitate adhesion of materials thereto. Such roughness may be achieved through the

material removal process by which via holes 20, 20’ are formed, or by subsequent
processmg For examp]e without limiting the scope of the present invention, via
holes 20, 20" may be formed by a tetramethylammomum hydroxide (“TMAH”) wet

20 etch(e.g., 9:1 H;O:TMAH), a wet etch with NH4F (ammonium ﬂuonde) H,0,
(peroxide), and CgHgO7 (citric acid) (e.g., 1:1:1‘NH4F:H202: C6H807), with an SFg .
plasma etch, by a deep silicon reactive ioﬁ etch (“RIE™), or the like. 'A]tematively, via

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

25 With reference to F]Q. S, if substrate 12 is formed from a semiconductor
material of a conductive material, surfaces 24 of via holes 20 may be 1ineﬁ or coated
with dielectric material to form a dielectric coating 28, which prevents electrical
shorting as electrical currents are conveyed along circuitry 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. '



30subsequent|ly formed conductive via at a desired location relative to a
surface 2. blind end 22 of via hole 20. - 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 oxide,
etc.) that has been deposited by pul sed deposition processes and, thus, is
referred to as a 5pul sed deposition |ayer ("PDL"), or any conbi nation of
dielectric materials or layers. may be applied to or deposited onto exposed
surfaces of substrate 12 by known processes (e.g., spin coating, spraying,
programmed material consolidation processes (e.g., those effected by the
systens avail able from Objet Geonetries, Ltd., of Rehovot, |srael, .3aSystens

(Cj:or Ipor ation Olcsq\:gﬂ)s%%hﬁmlt% dxfa@iphd, diel@tiGc ()Qan@/W n’idjreﬁdismﬂe gpavehe, alO)Spi n- on)
1 e ectrIC " t ecnn . s " etc
Exanpl es of g‘ﬁ’( éﬁ‘é?soéédef(o W&HE}’ ’dldSP‘g%‘F? g?ﬁ Cﬁ%ﬂ}‘éf’ @Pgﬁsﬁﬂoé’élloﬂz @ﬁgnj us. .

Pat ents 6, 770, R23ivelidof 15kderdBRe), Afan@lal 1a96r (2., UnSlurMnuanticlPoahé, ¢ady ons
US2005/ 0006768 US2 02/ 0137317, and US2002/ 0137250, . If_desired, portions of

dielectric cwabashgepgdepasied By Rilseedengsition prreessisand: dinsy istsfergd &8 a%ond pads

15 or. ot ger h@@@&éﬁ%@@oﬁflaﬁﬁ'mf)%r 28§ orhfinafi&y o e R PR GHMEMY Yr aydrgnOVed.
Sui t abl e technl gues for selectively renoving various reg@ons of dielectric

coating 28 iyIbedeplust toor depesited pajoreaposed surdases 8F sYPspErEd2Dyd@oNAd - wet et ch
processes. . JFQE XA Hin é&ﬁlﬁgrslﬁéﬁ& tp?&%?ﬂ'hﬂl'é@%atér&l Whisohdfths frb&elseRr ocess

i's effected at a | OW pressure that™ s ions wWith a direction energy that
renoves nat é¢-g-athope efmcmsirb&@ﬁtswterzeéwlphleésonmpbmGieogeﬁsqsalntm &F Rghevdkovi ng

it from Vertl%rgé"}l 31§s9£t@,9§em;5@yueﬁomamwc%ﬁ#o%'e&ebkverwﬁnﬂcgr&mns or, or
pattern, dielectric -coatin processes nmay be.tinmed or an end point

det ect ed0t o SplFlemehGle@ﬁéésﬁngd) tp@m@p (¢, srir-onigiss (1SQMBT pioegsiseshwata)-hol es 20
(dg., from I [E€noVi Ng regi ons
of diel ectr?égg %1? ?ﬁé%%ssg%? Omﬁé]gig&gg& lgﬁgs %Erd%\s\[/é\ncisﬁgtr%luase mask. (e.g.,. a
phot omaSk mm18@7w3hed%54éy?é‘@ gnyvelf ayindk§ntent -by soni c di spense

proeesses) . piiGiion, B4583900sRbb S IdobRnsh A0 LESAAABEL LB 0UGh whi ch upper

bond pads 15 are exposed, wth active sur ace 14 el ielded by or -
exposed t hrough fifdesived lportims f diehestric ¢osting 28}, fonesample, daoytlonsslmtuc@mrc or

ani sotr QB' ¢ ugpé}h)ogﬁ Bgc?ssl%eér cm?% 1D&URESF dRvPALERE 14, may be subsequently -
removed. Suitable techmques for se]ectxvely removing various regions of dlelecmc -
coatmg 28 include, ‘but are not limited to, dry etch processes and wet etch processes
For example spacer etch techmques in which the etch process is effected at a low
pressure that 1mparts ions W1th a dnrectlon energy that removes material from horizontal

20 surfaces wnhout substamlally removmg it from vertical surfaces may be used to
selectively remove 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 xjemoviﬁg'reg'ions
of dielectric coating 28 may b.e effe‘cte;i with our without a mask (e.g., a photomask;

25  which may be .s'prayed on, for example, by sonic dispense piot:esses), which
substan’tiaﬁly fills via holes 20 and through which upper bond pads 15 are exposed, with’
active sufface 14 either shielded by or exposed through the inask. When a mask is '
used, wet or dry, isotropic or anisotropic etch processes may be:use(_i to pattern
dielectric coating 28. Of course, once dielectric coating 28 has been patteme'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



dielectric coating 28. O course, once dielectric coating 28 has been
patterned, the 30mask nay be renoved (e.g., by known resist strip
techni ques). As another alternative, planarilation or polishing processes,

such as chem Cal nechanical - planarization ("CW"') maybe used to renove
dielectric coating 28 fromactive surface 14 and surface's of upper bond
pads 15. In formng a dielectric coating 28 on surface 24 of.via hole

20, surface 24 of via hole 20 may first be coated with.a first adhesion

| ayer 25 conprising an oxide, such as 5#.silicon oxide. The oxide of first

adhesion layer 25 may be fornmed by any suitable process, including by

deposition using tetraethylorthosilicate ("TECS"), thermal growth processes,

or lowtenperature oxidation processes. First adhesion |ayer 25, if

present, nwarfaazﬁtldnt(aCMPadhxay be msaf toaemavediieubtrha:whmg 2 fremectivower

di el ectrlc c erASof via hole 20. 10A dielectric
P%%St |

mat eri al haW gf?“éllsé{f %Félo\t‘u})%% c constant (e.g., K .2) may be
deposi t-ed di rectlhy'oxﬁrnﬁg)a Slﬂe‘c&eoeco%An@fzs eachrfade@4luflvéa fle Q0, smnflace 24166 on

| ayer 25 tha oats at Iea ortions of .surface 24. Of cours t he
processes t (ift Qmay fisihe £ ?%Bﬁﬁﬂifggé’@g?ﬁ'?f’ {aéﬁf SCOTPTHINE %%‘gff’isﬁ‘f i th t he
maltfari ab ﬁl’a siledonrdxades m@mmmﬂstdhnés&ﬁm'ya%ﬁwlse f¥6mad by taftly bieitabler Imed, as
we as t erraterl tructures over 1rrat rla isto
be formed GFOEEHIN ‘f‘gﬂg Ea%ﬁ?ﬁi“é’é‘ uépgltﬁtﬁﬂeﬁ‘m@‘? @\oég‘f:?‘é%bgr hat may be
deposi t ed Qyewthspibéaass, ddownempéeraiurdukidavicn mﬁéeshdsmﬁil@dadhésmﬂ@dyyff gRas (e.g.,
PARYLENETEFLON(r), and ot 2@;1 di egtsre‘é:t ric. {%g,erl als with l(ﬁVY di.el.ectric.
constants tREEMhERPYSEClglsadhesion ofd matstighkaymgangven pwer dielssttiCho es 20) with
relatively d@hghme(snep;vef alrfaes 2bof vrHwlg @b.ati vely thin dielectric | ayers 26. -

20An optional, second adhesion |ayer 27 ma¥ be forned over dielectric |ayer
26 to flfcili tateAétfllrégiCdﬁat@flald@Mm&@trﬁlﬁsvm o diglectig eanstanblestir Kack 24 of

each via hahg, gldepblits d‘ﬂew oRENEFh QLA FURER SR hoREAPELAGBGRERA 1hRY S5 27 may

conprise-an OXI de, such as a silicon oxide. Any suitable process may be used
to form adHbaticontsiahigest pprions rEswiEicags- wfcawie. the pocesseohat Are perst toiferm of  t he

materi al - ofaiesARhyRANB OB A be \%Ym b Hateridlidr AR TR R MG Beafiadhesi on
| ayer 27 conprises”a silicon oxid
layers 26 are to be formed as well as the materials or structures over which dielectric

15  material is to be formed or 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®), TEFL0N®, and other dielectric materials with low dielectric
constants that may be deposited on features (e.g., within via holes 20) with relatively
high aspect ratios to form relatively thin dlelCC[l'lc Iayers 26.

20 An optional, second adhesion layer 27 may be formed over dlelectrlc layer 26 to
facilitate adhesion of conductive materials over the surface 24 of each via hole 20. .
Like first adhesion layer 25, second adhesioh.layer 27 méy compﬁse an oxide, such as

- a silicon oxide. Any suitable process may be ps’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).

Portions of first adhesion layer 25 (if present), dielectric layer 26, and second
adhesion layer 27 (if present) that overlie éach 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, or

immediately following the foﬁriation of each sequential layer 25, 26, or 27.



Portions of first adhesion layer 25 (if present), dielectric |ayer 26, and
second adhesion layer 27 (if present) that overlie each upper bond pad 15
may be renoved therefromto facilitate communi cati on between subsequently
formed conductive -structures and upper bond pad 15. The renoval of the
dielectrie materials of these 30l ayers 25, 26, or 27 may be effected

si mul t aneousl y/ sequentially, as shown in HG .6, or imediately follow ng

the formati on of each sequential |ayer 25, 26, or 27. Layers 25, 26,
27 may be referred to hereinafter, indi-vitdually or in any conbination, as
"dielectric coating 28." . Referring nowto FIG 7, a barrier |ayer

29 may be forned over di eI ectric coaling 28. Bather |ayer. 29 is particularly
useful for- preventing undesirable reactions 5 between copper conductors :

wi thin via hol esL2grans] 26hz7 ﬁmp(bsecfenm tr headinaffer dindiveliially or ircagt i ng 28 or
substrate 12, :Suitabl e, als.fr which barrier 1ayer 29 may bef.ornmed

i nclude, w ‘E%‘?H‘ ti“?ni’ria? ﬁSﬁmc ?té}%%ﬁ (Ti), titaniumnitride (TIN), tantalum
(Ta), tantalum nRéfehﬁb@ rédﬁal\d)EI(}mda bhitier layeit Z inay e fdrakd prevdislectric

i nterdiffusion a siJJi-con-.cont ai ni ng

i ki ng between c S|I|con an

mater i al s. o) B eer Sh e SIBREfsBY forirtisE e At e SR ERT b

"bl anket$s ]gsaa@eﬁ tmep$measmlmln vmhcnés lqjﬁﬂrthez(;njmaﬂnﬁtﬁihamediek&rg O
active surface 1 surfaces e e .20

sem conduct 6‘?“"&8&?(% S‘é‘?SF’GE"t% ﬁrnéa bagi 68 a&E a‘{’ﬂ@ewgr@a’%’%;" barrier

| ayer 2|9 merfr@dhﬁdmca:t @ithba 1ﬁnnlm&§muguamuns@111§@wngﬁn dﬂﬂ@é(’thgl’tamfl#uﬁzgﬂdi)lctl v¢135
mat eri a or u on an sur ces 0, arri er

| ayer 29, a?"&’i g‘?‘é’g fﬁ“@a %Pde%‘hertrﬁéteﬁ%fgﬁ Rrevet ipgrdiftusion andspilsige npy pe
rﬁrmve]g frOHbtanSﬁ-Ed)pyéSa)ﬂfm?:ﬁiﬂzﬁﬂ&ﬂiﬁn%ndgﬁhglﬁ)a&hﬁldcture 10 or substrate I12
t hereo g acti rface 14 ere S G |ve naterla
ool GOhD 5 Sbi emdsillsirateg: baer jau AR bereh BY P lea s BlikES dhotiet ot
desired. Thgrdced¥BY @ whlchuipperixpdsdaastacds (ABL, eEtival sufaye bﬂsﬂlffﬁ&@;'feﬁﬁosbﬁ a

variety of known processes, including, but not limted to,: mg)acer et chi ng,
pol i shi ng: o?”“ﬁ}“aYiéPPIfépr ﬁ’f’éé‘ﬁﬂ'icﬂ%’s?m(réle&ce strskyrs A0 @ C‘ﬁ‘fﬁdi% HY, cheni cal
mechani cal  pfldrahbMghrficiGMer 2o. GloFadilitad thekitReydene seidstive Wipbsition bhe art. .

Surfaces 24, 28s, 29s of a holes 20, dielectric cgating 28, gr barrier
| ayer 29, r e@wé'etwwﬁs?ﬂa'név cpample, pruRReT ba?cl pags| 1y 2ng spderenPfhohbadey

materi afs Wyebnovak bediaed il Fr8. 8, slehaaesadr bareMae0fo xa.a 86 kdrReveaGRIMICt | Ve
materi al on surfaces 24, 28s, or_ 29s, ‘'as 25 shown in FIG 9. O ‘course, the

seed materi éﬂcaa?n%qﬁéem@gmhtqt?{gf‘ewaﬁm@u@dOr%{éPP%"iaaet Rsthgreghifans- o4ctidEposi ti on

of one or NpEe.cdas) wﬁ@ketcnép@s;ﬁorpéf &aa@uﬁ&lnvaeemt:&na% réW&hatie glg fagas 24,
28s, or 29s. For exanple, when surface 24, 28s, 29s is to be lined W|th

copper, t heclsgaalshpRmBXPT I8 Ohervige 20t Sasired.t Ty ‘fe"tf’dﬁ‘pﬂfl‘%lé"aéﬁﬁﬁléfmfA copper

S eeg mat er i %lat&ﬁﬁﬁia? Be BBYctbebY QRrHﬁéiy lbY xA6Wn §Mc&s@@§ ScRRAS but At 1hREdLaue,
suchn as a
20 spacer etching, pollshmg or planar1zat10n techmques (e.g., mechanical pohshmg,

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

. Surfaces 24, 28s, 29s of via holes 20, dielectric coating 23, or barrier layer 29,
rcspéctivély, may Ec; at least paniélly'coated with a seed material, which will facilitate
subsequent growth of a desired éonauciive material oh surfaces 24 28s, or 29s,as -

25 shownin FIG 9. Of course, the seed material of the resultmg coatmg 30 facilitates
growth or deposition of one or more desired types of conductive matenals over
surfaces 24 28s, or 29s. For example when surface 24, 285, or 29s is to be lined w1th
copper, the seed material coating 30 may itself comprise copper A copper seed
.materxal coating may be formed by any suitable deposition techmque such as a

- 30 physical vapor deposmon (“PVD”) process (e.8., 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.



30 physical vapor deposition ("PVD') process (e.g., Sputtering) or a CVD
process. As anot her exanple, any suitable process (e.g., PVD, dVD, etc.) nmaY
be used to forman "alum numfilmon surface 24, 28s or 29s. - 12 -

When bl anket deposition techniques aft used to formcoating 30, the seed
material may cover all of the exposed stufaces of sem conductor device
structure 10, including areas where subsequent deposition of conductive
materialis not desired. (e.g., areas other than upper bond pads 15 and
Surface 24, 28s, 29s). Accordingly, as-3Rklustrated in FIG 10; portions of
seed material coating 30 may be renoved fromthese areas. Any suitable
techni que may be used for this purpose, including, without Ilimtation,
known polishing or planarization techniques. When via holes 20 are to
be filled with cwhesblank& @poﬁiléﬂedatid;u/ee at"ealseép@.f(ﬁhﬁdoy&tmg 80mke segpdbarri er

| ayer 29 and seed mat er i n f.rom sone of. the ,surfaces of

10sem condUBRERaIBaY 6%"%?1] ﬁgﬁﬁreép%ﬁg Syface ﬁ8€\f16"i] igorpugier dgvi g?,gtﬂf%}feépsi ngl e
re &m\é al - pr qgfmaxn@m;%aba\%uﬁs@mb&@urmpeslb@t bf cpadcti®irgatend] i€ astdesiged30
and-barrier |ayer is si e-r ce y.conprise, a rocess
sui tabl e . f of 3r’é‘ﬁ’ii\§|°t‘1'b"'rl5%ﬁ“r‘fp@fap§ gg%/ P‘gg"‘gﬁlaw’r?%ﬁ nRF‘EﬂYEWﬁB%@ red

| ocati onss OMubthRe LHANER A0, [SoiidrRGE s€dd rﬂatexf.ﬂeﬁswg 3GRAY 60 RdheledIfrdit icse
structure 10, while | eavi ng‘gaarrl er na%‘g%g?}ﬂ and seed npterial 15at

| ocat i-ons WHE¥e Apbrdgbledec i§ BArPGPe: ARG I WiE BBt eri al i s

desired (e.gmitatith, uﬁ@@ﬁpbm anlaazatmmsafnﬁ@@es 24, 28s, 29s (FIG 9)
within via holes 20 etc gY refroval processes |ncI ude, " but are not

limted- to, kno%egﬁé?c@]ese%ocﬂe f‘b%fh with C?Rﬂefﬂ%laﬁéltﬁ‘F‘a'bYeatﬁéFP‘Eéﬁelyon

techni ques, reafidgd¥artié8yer 99GRd §&adn£f&mrcbachngcnﬁﬁbxﬂgo§ﬁ Jfdfe ReRbesidr med and
patterned, conductive 20material (e.g a netal, conductor-filled polyner,

etc.) ndy’ biemyerndueioy dexiciEpisiire & aéﬁh‘b‘f’“mmss"édéﬁp? pigglergmgvalyr f ace 30s

thereof to Qe gnagHedied ta/.%rdoaas&m%ae@x\ﬁetrenﬁmaaﬁ%so - 0drrivt Ry&odesrigd and,
optional l'y,” over upper bond pads 15 or portions thereof, as s%own i'n FIGS.
11 through Single BymOWR) PECCHIARY FATRRTIG 28X B’FPﬁF%S sulpRlferaPmeYingbagEr pl at i ng,

| Mer si on - phyafeliAtandee®hiferiaPlrdihnivhd BYirdl 1 OibRCSH NI URSosMB ¥urboe b S6kfaces
25Conductive material may be deposited until conductive |ayer: 32 reaches a
desired t hi efgsaueondpeionAtiss SaserylQ oyhdleden ving kasriermatgriel apd sesapatetinhi n
within ysa hqb&:idfs wﬂEre‘%UBéehuéﬂt%rm}l%r 8&dsﬁloﬁmbﬁéfchye Hatdfaflis desifed NO_voi d
remains wthin via hole ) i1Tlustrates selective deposition

of a conductegseon uppst b@l_ﬂ I@ﬂqiS décan Srmﬁaéfrsl% 28%3Ps (JG3B) within dxanpl e, copper
may be sel eghiLyal wideRoShifdy (@n(glai pi¥eRLEMERAL 8RR aRMnot limited to, known

spacer etch techniques, polishing or planarization techniques, and the like.

Once seed material coating 30 has been formed and pattemed, conductive
20 material (e.g., a metal, conducfor-filled polyme;r; etc.) may be selectively dei)osited 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, irﬁmersion plating, or electrolyt‘ic plating techniques may be used.
25 Conductive material may be depositea 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 ill‘ustrat'es selective deposigion of a conductive layer 32 on seed material -
.coating 30. For example, copper may be selectively deposited (e.g., by electroless or
30  immersion plating; e.g., with the chemistry available from Pac Tech GmbH of Nauén
Germany) onto a seed material coatmg 30 that also comprises copper. Alternatively, a

conducuve layer 32 comprising nickel may be selectwely deposited (e.g., by electroless



30 imersion plating; e.g., with the chem stry avail able from Pac Tech GrbH
of Nauen, Gernmany) onto a seed material coating 30 that al So conpri ses
copper. Alternatively, a conductive |ayer 32 conprising nickel my be

selectively deposited (e.g., by electroless . - 13 - or immersion plating;
‘e.g., with the chem stry available from Pac Tech) on a seed materi al
coating 30 that conprises alum num As an alternative to selective

techni ques for depositing conductive material to forin conductive |ayers 32
over surfaces 24 of via holes 20, nonsel®etive deposition 5 processes nmay
be enpl oyed. An exenplary nmethod for form ng conductive |ayers 32' by
nonsel ective deposition Processes is shown in FIGS 12 through 14. In FIG
12, a mask 40' is formed over active surface 14 by known processes. For .
exarrpl e, andimflersion planhgd; ¢ dewRl teehahistriyavaitabieiomifae eth)m a seedk 40° may
conprise a hot maskg\/% is for rreq bgﬂa plying a photoresist over active
surf ace 14 cetn Ss?a'e%l&rfsﬁbaf’ﬁ‘ ot oresi st, ‘devel opi ng-t he

phot or esi st r edemzemﬁu@d; @epasdwe E&thmqeé‘d fsf de;totaﬁmgtwkamve heatgrhdtor esi st .
Mask 40" incl udes a erture 42' 'ﬂa t}t ver %I a hal es, 20 that have
been f or medOWR EARdNCE VLY Pt g%ﬁrs A ‘thl’ia COHVEAERISIA gt er i al
layers or GREdekREmdy®bebmple&l. e é)le%;ﬁﬂ?'frﬂldﬂg)cﬁ%r ﬂfmﬁngoécﬁmemvetmﬁreet

i ncluding, without [imtation, adhesion |ay % 25 and 27 and dielectric
layer 26 1DYNOBEelatie deposifion Bpressss shaa ‘I“s“] Sal2Brofahnl4y barrier 1ayer 29,

and optional l'y HAFIE NG BaskeRis BRI Aler 6@REIsOFacR014 lﬁpléfdwﬂf Bcdbdes. need not

expose entire upper: bond- pads. 15, as upper bond pads “15 |nclude a
mat eri al - or Forgramplad ‘§‘dtr|?é1‘° hdsi the segpe of ﬁ@é‘isﬁrﬁ ‘B‘fe“é‘oﬁeré'i‘ Meri al
thereto. ke 4Bhoteiakk BRY R feahd b ySAPAiRd £ phétbiesRNSvephai v sResent | y

f or ned 20 con uctive layer 32', as showmn (FIG 13), from portions of each of
the af ofenessleriyrbyerngsiiedhe RAptotssish Areoping the PBPLOBSING THRAYILE WIEeYsIoRsdr egi ons

of active Sd&'bf(fi‘&@st]{ﬂeﬁﬁal@ﬂ@&krﬁt)ﬁ)rés%i mglt u@nﬁcmaessagsﬂu@awrthﬁlar@oatl ng 30,
the opti onal barri er | ayer (not shown) di el ectric_coating 28 that

overlie no rahamfb@veﬁdr?dﬂ%womab@aﬁ beg ﬁﬂ@g%wsthwfsua&tﬁw& Jier 3t one Feed not

be removed [glAelddrit atdrRl mustw cStin %mdg I &Ele¥@1e|c%¥§ﬁg For subRerduct i've
| ayer 32' may be fornmed by sui tab rocess, includ |ncgﬁ| but not limted
G

to, PVD, CMhereed, g@iqdma;w&!%r mitalon, é¢l@éwd¢>@§%?§a¢rwt2wd Ctrighayes 6 n
pl ating ¢ echpi e85 an@'é?lh oan&lﬁn%bétwau% pRhRl G B Oa‘;.e%'fmamyhﬁcluéﬁg to

form conductive | ayer on suirfaces of seed material coating 30 that are
exposed t hriisghmajssiel epating30. ofperuer 42necd nat SHREPe ¢rtiise HpRFsSPR ‘BRfispidocess i s

not sel ectiyg arbo%a@%@iis ﬁﬁgf@&‘fﬁ%a%ategg mferaﬂa@s thaBBécH\ﬁz}fe Q&hegfaa'dfm ting

exanple, a co uctlv | ayer conprising nickel f.ormed on ‘a seed
mat eri al cd@ﬂr‘ﬁbms@"@ﬁé?re&arrprl ses -copper. The ni ckel may be deposited onto

R L R T s e T AP
el ect r A0essconductive 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 ba;rrier iayer (not
shown), and dieleétric 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';my be formed by any suitable process, including, but not
limited to; PVD, CVD, elect‘roilytic; plating, electroless plating, and imrﬁersion plating ‘
techniqués._ Such a deposition orl plating 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 nonhmmng example, a conductive layer 32’ comprising nickel
may be formed on a seed material coating 30 Lhat c0mpylses copper. ‘The nickel may be

- deposited onto mask 40’ and portions of seed material coating 30 that are exposed



i mrersion plating process. Thereafter, as depicted in FIG 14, mask 40 may
be renoved by suitable . processes. Continuing with the exanple of a

phot omask, any suitable mask-strip 5 process may be enpl oyed. As mask 40
(FIG 13) is renoved from sem conductor device structure 10', any portions
of conductive |ayer 32' that previously overlied nmask 40" are "lifted off’
of sem conduct or device structure 10'. |If undesired portions of seed
material coating 30, or barrier layer 29 were not previously renoved from
exposed surfaces of sem conductor deviceldstructure 10° 10(e. g. , from
non- upper bond pad 15-bearing regions of acti.ve surface.14),'suitable
processes nay be used to renove one or nore of these |ayers or coatings
followi ng the renoval. of mask 40'. In addition to the aforenentioned

t echni ques fipoughedpertinegi2t big sy huybleprotess adh asgm, elecemobyit), elpciodessas (e. g.,
use of wet or dry etchants in appropriate processes) wth selectivity for
the materi afBMSF'PRIATBRIPESEr coatings over the material 15 of conductive
| ayer 32' may beTHemhfoareshs de!apﬁema#lcym asasHapi mhele rdancﬁle@bykﬁuamé any of
conductive Ia er 32, seed material" Ftln barri yer 29 extends

.30,
onto upper BSE dsOnt B e ‘(ﬂﬁg'erféf"é‘? eqfa OE?S??G%’Cﬁ’ﬁy\fE’tf‘elﬂf/EPS%’Et“pseed

material s CO@I:chQ 84 béd¥mplavéd. eAs mayes0’ 21@10‘ QBY'B réhoved fleémWBiniddntisctoiot
conpatible with processes for subsequent UY’E%W conductive el enent s

20(e. g., boAEViGE ytasture &p'qany PYHPRS of condue PEFVARNSHY QVegiped

t ape- aut omatedk Bensk ﬂ@ftefd'&ﬁﬁoﬂseﬁh@bﬁaﬁ@&e&w&ts&u&mfeowpper bond pads 15, an
electrically conductl ve, oxidation resistant _coatin may be fornmed on

conductive | ayer 33 egaeécpwrérqfa?eddaaﬁmﬂgowg%% Obgi“ﬁeé}ay%\%we‘?@o‘

Oxi dati on r%%v%l@mre&eaéd MR pHRY suffies BK ERRLEhduCRNREVISE siRhddiFendm gol d,
platinum or ané ot her " oxi dat | on resistant material that is 25conpatible
P

with t hd0nafes Epmgroncippanlendrad Iavkearing regigas @5 a¢thi¢ suEfarsiAntui@blgt i ng 39 may

be forned by Resel RGY bYGsddtoFemofd @rfétdr%&@%fﬁfcsé W%Q@atmtgé‘?émﬂ\)m Othe
non-sel ective (e.g., CVD, PVD, etc 03| tion dE){éocess a non-sel ective

deposi tion praewhef maskAdqin %fgﬂl‘d‘at‘iodhe?éwaﬂlﬂe eligips Sor iwEPViNE thes€t er ned

by known pr%@%&@%o& Wg,g rerdS 8l ﬁace{;?e%l@gdueémgr&aeﬁ&@ﬁamm% fpthatel fL-Of f
processes, etvc. h reference t f | owi ng Fhe formation
of conducti wcrss&y@rwrngse@wny fon/e materialsokgierlaysir PheaptipBROYRSIlee material £ | | er

mat eri al; 535 oF@&ndﬁ@t;JeﬁB&&@Qﬁﬁ)‘ly'b@feﬁlp}ﬂ}ie&' 34. (Filler material 35 may conprise
a conductive material,” such _
Opnonally, as dep)cted in FIG. 15, if any of conductive layer 32 seed material

coating 30, or barrier layer 29 extends onto upper bond pads 15 and the material of
conductive layer 32, seed material coating 30, or barrier layer 29 forms an-oxide which
is not compatible with processes for subsequently secdring conciuctive 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 electfically co'nductive_,
oxidation resistant coating 39 may be forﬁed on conductive layer 32, seed material
. coating 30, or bamer ]ayer 29. Oxidation resnstant coatmg 39 may, for example,
comprise aluminum, gold platinum, or any other oxidation resistant material that is
25  compatible with the material of conductive layer 32. Oxidation resistant coating 39
may be fofmed by a se:lective (e.g., electroless or immersion plating) or non-selective
(e.g., CVD, PVD, etc.) deposition process. If a non-selective depositio‘n process is
used, oxidation resistanF coating 39 may be patterned by known processes (e.g., use of '
.mask.and etch processes, 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



- 15 - the sane type of material use to formconductive |layer 32, 32' (e.g.,
a netal) or a material that is conpatible with the material of conductive

| ayer 32,32' (e.g., another nmetal, a netal alloy, a conductive polyner,
conductor-filled polyner, etc.), or a dielectric material (e.g., a polyner).
Filler material 35 in aliquid state (e.g., nolten 5nmetal, heated

t hernopl astic pol yner, uncured polyner, etc.) may be introduced into void 34
by any suitabl e process. For exanple, a known "backfilling" process, in
which filler material 35 is nechanical I-y5f-orced into void 34, may be used.
Alternatively, if a vent (not shown) has been formed between blind end 22 of
via hole 20 and a back side 13 of substrate 12, filler material 35 may be
drawn into void 34 by capillary action 10or under a negative pressure (e.g.,
a vacuun), die shiae cype of niaderiaduse BFoumderdupties layers32pB2'(gigr,@ metal)ora Wiil e a

bump 37 may be forned b tri-c I ,as _sho |n FI G
17, such a f?ﬁ’agtgat 'F‘rﬁ?fmé?tq{’ lthgﬁ%%]ﬁt rmf[?flvcg sn?ﬁgta&'r%fa ?rsjozm[El WG Secured to
*and est abl hehil,ngnadenloy! 2caidactive pxﬂymexonmﬂmcm&tf’ illed pmlytrﬂermp@,rortaond pad 15.

Accordingly,. 15as il lu trated n b

renoved froﬂﬁ%\‘i@‘ ’E‘HF”F é‘ég 81‘90 #%‘8 ’ﬁtﬁﬂae‘fgaﬁﬁd‘qufﬁ}gte (ﬁfgelngo?kf{fll ¢ filler
mat Frl al s 35niemy, Haatwtr&?mumﬁrc ;sdlyﬁ\ace?]aﬁed }Bd‘l)’ﬁEeﬂ gtcf)lrtIS)hbe Mroﬂhl&bﬂtlﬁtbtl al : y
copl anar, e surfa 15s each u on - Alternatively,
RN B A e B T i S R e AR
34 with a candusiteMa 36El§ fHebidnically fofeed irltd uslaea; dy exaﬁa:al %lt@nﬂ%%ﬁ?ﬂd ve
20filler 36 (e.g, a salder, }Jcha tin/ (f(Pb%(%g\) ﬁ a so-called

"| ead-free §?ﬂ‘(§'é‘?t showp)dips beentorpy ‘)"‘FF'PI unq g 24 Bi% ?lﬁ\&?’ an@larﬁaﬁ%pper
(Sn/Cu), timphsib Bﬁ§ub(s§ht¥&\g) ﬁn&rmataq»hdstmay HeAlbSR ImavbR34 bypEapdldighetial t abl e
conductive naterial) may be introduced into void.34 to fill:the sanme and,

opti onaf9y, of gndepp egatg REFSSTe bhe-up SRt uBdref. fpuad x50 va fuundsnBesidye
alternative reygy,@ls 34 may remain Wit hi n t he conductive via 38, 25avoi ding
t he stresses (e.g.,. msmatched. coefficj entgleof ther mal expansi on, m smatched

el ectrical condud¥hilgiahusy 3t maydedormeq b dielectrioyily ggatermg;’ﬁb@ SE%Yﬁgé‘bl by

I nt r oduci ngFiG di7eb Rt Bueng37’ W@Jidn\/@cc’)'miu@ﬁ*eaﬂtruﬁ:ﬁﬁé 8ofh being secureo : and
illustrated-in FIG -20, blind ends 22 (FIL.G 19) of via holes 20 and, thus,

of . conduct Peblishing adedugisclemariesl SEmEYN AT SYHD baRw bond@ad 35 opcserdnghat e 12

by rerneyings illustrated in FIG. 18, dielectric bumps 37’ may be removed from over surfaces of
. upper bond pad 15 and,‘thus, dielectric filler material 35 may have an upper surface 35s
that is flush, or substantially coplanar, with the surface 15s of each upper bond pa'd 15. .
Altematxvely, as deplcted in FIG. 19, a conductive via 38 may be completed by
f1llmg void 34 with a conductlvc material. 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 .
go]d/tin (Au/Sn) alloy), 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, ?oids 34 may remain within the conductive via 38,

25 avoiding the stresses (e. 8-, mi'smatched coefficients of therrﬁal'expansion, mismatched
electrical conductivities or resistivities etc.) that may be cau’sed by introducing' '
dlelectnc or conductive material therem

As illustrated in FIG. 20, blind ends 22 (FIG 19) of via holes 20 and thus, of.

‘conductxve vias 38 may be exposed through back side 13 of substrate 12 by removmg

- 30  material from back side 13 of subslrate 12. Of course, any suitable techmque may be
used to expose blind ends 22. For example, a so-cal]ed “back grindinig” process may be

used to .remove'material from a back side 13 of substrate 12 ontil the bottom portion 33



30material from back side 13 of substrate .12. O colUrse, any suitable
techni que may be used to expose blind ends 22. For exanple, a so-called
"back grinding" process may be Used to renove material froma back side 13
of substrate 12 until the bottomportion 33 - 16 . - of conductive |ayer

32, which is located at blind ends 22 (see FIGS. 16 and 19), is exposed, as
illustrated, or until a partial or full cross section of the various |ayers
of conductive via 38 is exposed. The exposed bottom portion 33 of conductive
| ayer. 32 of each conductive via 38 fornse bottom bond pad 16 of

sem conduct or device 5structure 10. Back side 13 may be subsequently
processed to passivate the sane, to formlarger bond pads at the bottom ends
of conductive vies 38, as well as-to form conductive traces that extend
lateral |y tef @nldgeiveapgbrpagwhior & loested addlikideinier?2 {eaFuGSs16 madesjiked. 10 The

fol |l ow ng EXAMPLES descri be vanidus_exa&p{es of ,rocgﬁges,that may be used
to form var PXR9sed d IsHatsH T gntitd Raftiak orull ogs sqatigh ok MearEophiagers of ¢ hr ough

seni conduct génddeNEHia B8NPSIPRNIES - ThERE lBttdm. podr 33 6f AnaB& R ellydFEGBof 21
t hrough 27, an exanple of a process that.nmy be used to formvia holes 20 in

a subst r at ecach copduGtivs isai&forgs a padampape pad I phiesicolucioeAevice i s descri bed.
In FIG 21, siducth@ 100l € 20-is formed in. substrate 12. Wiile via hole 20 is
20depi cted as extending only partially through substrate 12 and _is, thus,
known i n the art Bagk gide b} mey bgisubssapasitly pipcgsicd|te Pawiviatntha saree.Aafewel y ext end

conpl etely {hsHWghRa phiSh il torbm ends 3f BH iR WRYID%s WRIIMEBG, RNy suitable

process, . including, wthout limtation, by use of a mask through which one
or nore et chentustivetreees thagpyiendlaisralntgrogiqr dpn¢ padlepationg andigtherficatyigs,e r

abl ation teghaifdgs, or otherwise, as known in the art.. 25Wile FIGS 21

t hrough 27 depict thé process of EXAMPLE 1 as being useful for formng
conduct i®e vi as ‘that extend through "blind" areas of substrate 12, whiat do

not include int eqhahah.aht EXANIYLES dORTl DRSS & BABR: BF BERSNESUNaRhE0_be

used to form conductive vras that extend through : at are located
over eit her ugsditadomn variqus gmbadimestsoil conductivevias imt exiBodinta hotwough FI G 22, a

first adhes%&ﬂiclﬁﬁd’xf‘c‘ior%@vfcéc&ﬁf)éﬁ%qts‘?n surface 24 of via

15 | - EXAMPLE 1 .
~ With reference to FIGS. 21 through 27, an example of a process that may be
used to form via holes 20 iq}i 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 20 is
20 depicted as extending only parﬁally through substrate 12 and is, thus, knowﬁ in the art
as a “blind via hole,” via hole 20 may a‘hemativ.e]y extend domplétely through
- substrate 12. Via hole 20 may be formed iny any suitab]e'process; including, without
limitation, by use of a mask through which _ong.or more etchants selectively remove
materigl 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 corxductive; vias 1i1at 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. _ _ .
30 As shown in FIG. 22, a first adhesion layer 25 is formed on surféce 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



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 | ayer - 17-. deposition ("PLD') (which fornms a PDL), CVD, atom c

| ayer deposition ("ALD'), a process for formng an LSO, etc.), as a thernal
oxi de, by a | owtenperature oxidation process, such as that disclosed in
U.S. Patent 6,165,808, issued to Zhang on Decenber 26, 2000. 5Known
processes are then used to deposit a |layer 26 conprising |lowK dielectric
material, such as parylene, TEFLON, or -tifie |i ke over first adhesion | ayer
25, as depicted in FIG 23. Due.to the low K of the material or materials
fromwhich dielectric layer 26-is forned, it may be relatively thin,
facilitating the fabrication of via holes 20 with relatively |arge.aspect
rati os and, ddphbllﬁpnl(‘l‘ﬂiLBé)S(Wlh@htf&ﬂ]SﬁO]?lBD) IV D daomid ipyofdeplsidan(tddiryea vi as

t hat may be i ncl on su a er en area over active surface 14
or back si d’éroi%ssb! PEBE a"q“%td ng) ?%%R‘r?ﬂ?%rqg‘é‘?/ $ygrl,?w\,§;,lpg?{atar §?t %% 1 ayer
26 is for megrobay, Jveh agdfaedieclosidlin 10S./Rarsnt 61160)808 ] iwedns Zharg an  anot her ,

second adhe |on Iaég ? formed froma nmaterial that- will adhere to both
the materi a tc layer 26 and a subsequently deposited 15 -

mat eri als may berm@Wﬁ%c@Vs% aidiggdnagtd td:dép@y@ala%r 268ompaYing low-K G 24.

Second adhesj on | aye c ri ses gtr terl a silicon
oxt 00y and BEFOBl POFHDAE) R AENE: B TR e By Sl i By 1251 50
techni ques. adNpplictedin FIGOVA. Die i e 1APK @ftﬁ@ﬂdw;ial ¥emb@ N8l ,frowhwmhrmy al'so be
referred to_as "seed material coating 30" or as _a.'netal " 1s_forned

over seconddSEREY;IaYer28 i fyrmed.ggmay he feptivepsdhupfgeilitatingthy fi‘FﬁtcéP?’hPf ¥dat i ng

30 i s -f or MeRolby 26l 8RASE iy IHRLRHER rRMRand 66 eI RE RO phiNedl defsity BENgSt en
is useful for facilitating the subsequent formation_of-nickel over surface

24 of vi% hegrdusigve yigy ?’Pb‘ﬁ%y b ingded ﬂ‘&f‘&sfréﬁe gt ?r&gves@“tWP Rl i e -acti ve

surface 14 gjrfaggbaroggg&g@epgme{esﬂoved as illustrated in FIG 26. These
portions may be renpved-by 25an U|table process, includitng the use of

so-cal | ed: "spaceﬁsé'?"elﬁ‘“e’f‘élcffﬂi]i‘ ‘%ﬁ‘ité‘ﬁlweﬂz idPrpeshior nel aghereivelhie

portions of m%ﬁf’@omkﬁ(/é RlateFigR! dn@gle?’Qeéch‘dedﬁgm&ﬁ iapémv TMG'fPon?QmaTé?ﬁ! eaf t er,
as depicted-in 27, exposed portions of second adhesion Iayer 7 (1.

those over| Whgﬂhéqhewewshﬂff the anateriap of diglsstricdaxer 20 pnd p subssavrnely depefatied

15  material, may be formed over dielectric layer 26, as shown in FIG. 24. Second
. adhesion layer 27 compnses a dielectric material (e.g., a silicon oxide) and may be
formed by known processes such as suitable PLD or LSO techmques .
Next, as shown in FIG 25, a conductive layer, which may also be referred to as
seed material coatmg 30" orasa metal mask,” is forrried over second adhesion
20 layer 27. In'this EXAMPLE 1, seed material coating 30 is formed by depositing
lungslen over second adhesion layer 27. Tun gsten 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 i'llustrated. in FIG. 26. These portions may be removed-by
25  any suitable process, including the use of so-called “spacer etéh”._techniques, which will
not remove significant portions of seed material coating 30 located witlﬁn via hole 20.
’fhereafter, as depicted in .FIG. 217, exposed_poriions'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 se]ectlve wet etch (i.e, the
30 etchant has selectivity for the material of second adhesion layer 27 over seed materlal

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



any suitable renoval processes may be used, such as a selective wet etch
(Le, the 30etchant has selectivity for the material of second adhesion |ayer
27 over seed material .coating 30). Thus, seed material coating 30 acts as a
"metal mask" that prevents - 18- renoval of portions of second adhesi on,

| ayer 27 that overlie surface 24 'of via hole 20 while ed4osed portions of
second adhesi on |ayer 27 are renoved. Portions of dielectric |ayer 26 that
overlie active surface 14 of substrate 12. nay al so be renoved. Again, any
sui tabl e process May be used to renove nnegerial of 5dielectric |ayer 26. For
exanpl e, when dielectric layer 26 is formed from paryl ene or TEFLON, a
known, so-called "plasma strip," process nmay be enpl oyed. Once desired
portions of dielectric |layer 26 have been renoved, portions- of first

adhesi on | ayghow® of Paitiony6f debondiihbsion Ryed Fchatldhvestie sutst DabEvikAolR0 be
removed. Any suitabl e processes may be UEEd %9 renmove these portions of
first adhesiielexpesed partionyionsecand pdjesigpiayibe’ predeme¥ed-o, the use of wet

etchants, incl Udipeﬁide@_fofem&fm1§%érhetthmo_kzkr1ié@a@v&su}ﬁkeﬂh 3f si¥strhie 9 tmadhesi on
| ayer 25 with selectivity over-the material or materials that are.present at

active surf alse beaempvesh Figainagy syitablepragass fmay besiseds repgve RERsigho 5

i | lustrage %m&&%mgé,azmlfor%a RI WE&SHelbOAL 1ARY 28% 65864 Foml fyled & hol es
20 in a substrate 12 and |nsula?e, or passivate, surfaces 24 of” via holes

20. I n FI G TEELON.4 knowg, so-ogleds prasmastipe nPreesss maythe ergployed. shown i n

FIG .29, a first GbesiiRa JRyss of Biclednl QbR 26MAve YEdACRoodd, Phrtidng of AR - hol €
20 and on an active surface 14 of Substrate 12. Portions of first adhesion

| ayer 25 t hathesiarrlpyes 25chanavedigraptveesurfacy}4 e pdsirate d 2 maydeaemqeed. i dmedi at el y
removed, as GRAMOLoRedstGnayBe used to remove these portions of first adhesion layer 25,
" 10  including, but not limited to, the use of wet etchénts, including wet etchants that will
remove material of first adhesion layer 25 witﬁ selectivity over.the material or materials

that are .present at active surface 14 of substrate 12.

- - EXAMPLE 2
15 ~ FIGS. 28 through 35 illustrate another.example of.a process that may be used to
form via 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 ove,rlie‘active surface 14 of substrate 12 are then immediately removed, as shown
in FIG. 30. _ - ‘
Next, as iﬂustréled_ih FIG. 31, a Iayer 26 comprising loij dielectric material
is deposited over rerﬁaining portions of first adhesibn layer 25 and over active
25  surface 14. Thereafter, portions of dielectric layer 26 that overlie active surface 14 are
removed, as 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 Jayer 27 that are adjacent to dielectric layer 26

30  remain, as shown in FIG. 34,



Next, as illustrated in FIG 31, a layer 26 conprising |owK dielectric
material is deposited over remaining portions of first adhesion |ayer 25 and
over active 25surface 14. Thereafter, portions of dielectric |ayer 26 that
overlie active surface 14 are renoved, as depicted in FIG 32. A second
adhesion layer 27 is then forned, as shown in FIG 33. Portions of second
adhesi on |l ayer 27 that overlie active surface 14 are subsequently.renoved,
whil e portions of second adhesion |ayer 27 that are adjacent to dielectric

| ayer 26 30 remain, as shown in FIG 3419-- 19 - Thereafter, as shown
in FIG 35, a conductive |layer 32 and any underlying | ayers nay be forned.
Thereafter, any voids 34 remaining within via hole 20 may be filled, as
descri bed above in “reference to FIGS. 16 through 19: Wile FIGS. 28 through
35 depict the prihcesfienhs BHOMNPREIS. 35, axondertivedfyer 38fod atypumderlyingonduct i ve

vias that qXiehthabBLpstia Bhblflie Rl s RRMAL Gidr vitfibfelbodRaigt | ne! ude
i nt egrat ed CUI¥I’y or ‘bond pads; t'hese processes nmay al so be used to form
conduct i ve filledsastdeadribedtaboek intrefengpe boFRiGadshrohght 1%re | ocat ed over either

blind or active areas ypst r 12, 10EXAMPL ' | not her . exenpl ary
via hol e formt ﬁg’hﬁ%ﬁﬁ@ﬂﬁﬁuﬁghg f‘%%ﬁ‘n‘fl‘aB@F%ﬁ%ﬁ%ﬁpﬁﬁfﬁ%&%‘Fféffugr ocess
fl ow descr ifoefbrinmgosAMRILIS viasahst eRient iroligh ‘indtihreas ofsubstyae 12@yhibledoni t t ed
and replaced w a probess for roughenjng surface 24 of vja hqle_20, as
ahown 1 Fiie: Msipde Pacdied St i BB Bl BRAPTORSreS A DOYHE BRbcess or
15 . pr ocess®@ndidiiat vk €hdi 2E@nd hrb@hBond patiother &6 locAtddesvenéitheeblind ér Ssepar at e
etch process .nay be  used to %ncrease t he roughness of surface 24. The
roughness dCti¥qeay ssBstliilfices the direct adhesion of dielectric |ayer 26
or dielectric coating 28 to the material of substrate 12 at surface 24, as
shown in FIG 37.. 20EXAMPLE 4 FI GS. t h 42 illustrate the formation O
avia hde 20 (FIG 42) through FSEAMEL?‘E% - , :

In another exgmplary 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 surface 24 of via hole 20, as o
shown in FIG. 36. Surface 24 may be roughened, for éxam;;le,. 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.

0 .~ EXAMPLE4
FIGS. 38 though 42 illustrate the formation of a via hole: 20 (FIG. 42) through
an upper bond pad 15 caﬁied by substrate 12. When mask and e‘tch techniques are
employed to form via hole 20, a series of etch processes may be used. This is because
the material of upper bond pad 15 différs from the material of underlying portions of a
25 dielectric proteétive layer 17 and the material of substrate 12,'0ver which protective
layer 17 ]i'es, and different etchaqts may be needed to remove these matérials. o
In FIG. 39, a mask 40 is formed over active surface 1 4 of substrate 12. Aﬁy
suitab]eimasking process may be used, including tﬁe formation :of a photomask over
active surface 14. An'aperture 42 of mask 40 is positioned so 'és to facilitate material
- 30 removal from a portion of upper bond pad 15. Aperture 42 may be k;cated so that

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



an upper bond pad 15 carried by substrate 12. Wen mask and etch techni ques
are enployed to formvia hole 20, a series of etch processes nmay be used.
This is because the material of upper bond pad 15 differs fromthe nateri al
of underlying portions of a 25dielectric protective layer 17 and the
material of substrate 12, over which protective layer 17 lies, and different
etehants may be needed to renpove these materi al s. In FIG 39, a nmask 40
is formed over active surface 14 of substrate 12. Any suitabl e masking
process may be used, including the fornmani-on of a photomask over active
surface 14. An' aperture 42 of mask 40 is positioned so as to facilitate
material 30 renoval froma portion of upper bond pad 15. Aperture 42 nay be
| ocated so that material may be renoved fromthe center of upper bond pad
15, or so tkaiovabvRybesdffectedTtbm alevatvmthanis| dffskefr@h flectencerfof appa boadat i on
that is offseg 5fromthe center of upper bond pad 15. As shown in FIG
40, materiaP pady} upper bond pad 15 is renoved. The renoval of material of

upper bondl |OadI 1As Hm%w:bm i leetrﬁstemuto&ru péi'ib:bgtﬂ pacewhs @ﬁovéd. whleecleaﬁﬁwl to
5rermverrut|pecon uctive | ayers ralit tches. The renova
process may°bBasighpdprpEopd pe 161’“"‘6‘(%?5#?‘5&“'6% ae%"f&i"ef"'tcﬁéi’ gf‘ﬁﬁf?sary to Once
a porti o Ofenfjvehn@ftfipl¥ Bondikale fhders! ?lukﬂﬂi@ﬁéﬂét&&suim@iem pRREsskRay e €Xposed
t hrough upper bond pad 15, a nmateri al val process that is suitable for

renovi ng th%“'}?&iS@FrP%.‘F°6F“1‘|’5‘|“61Pé‘btei‘q7‘°e“1’%3?é ™7 is effected, as FIG 41

illustrates. Thi ené@pﬁa{leﬁbf yxetécayerayéﬂﬁ @EOMRer]1RE Qﬁ@&%oﬂafa@es isSot ropi c or
ani sotropic, wet-or necessary, another mask , such as a

phot omask, #EPEed *&‘%&PB‘V&"“Q@P? e f’s‘E}PtFaéléeTﬂ"Qld’r%eéﬁl@ﬁE isspgalefsval  of

material of rePfRArfRlthé ¥fatdrRY 6 probcli lahd IFURSABUEN s mef:ﬁsmh&gate@smé lustrat ed
in FIG 42. Portions of substrate 12" that are exposed hrough the opening

20" in UppeProtsstte e3grald-rEsoaAlPTerest Ewyibgdsqimopicror ppisolapict Weldd@Y-an aper t ur e

42" of mask 40" JfﬁH@&’es?a?y%BQy%?%a&l@4@lns€éh% ?hold?na%%hﬁ&f'b@?&ﬂie&%v@xo into
substrate 12 and, thus, to forma via hole therein | e the etchant may

be an i sot rsive sefragdrtio grevant tharapavebel matetialpfprotegtivideyesld|duBRg or a dry

etchant, itgj3ediRh@Rb&estiRgtastitGsc4tR iRFIGMUANI sotropic etchant may maxim ze
t he aspect rati 0_of the résulting via hole 20. 200nce via hole 20 has been

forned, any resiBertipenefi substpto h2 Bidbarercapesed shrppgh he opening 20 in upper bond
15  pad 15 and protective layer 17, and through an aperture 42" 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 e}chént may be an isotropic etchant or an anisotropic
etchant, e-wet etchant or a dry etchant, it is notable 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 via'hole 20 may be increased, as explained in
EXAMPLE 3, and a di'elec;n‘ic coating 28 (not shown in FIGS. 38 through 42) ﬁlay be
fabricated over surfaces 24 of each via hole 20, as eescribed in EXAMPLES 1 and 2.

25 Alternatively, via hole 20 may be formed by other known processes (e.g., laser
ablation). - ' '

EXAMPLES 5 through 8 describe various techniques and process flows for

forming conductive layers within via holes 20.

30 . - EXAMPLES5
Referring now to FIGS. 43 through 47, an exemplary process for forming

conductive vias that comprise copper conductive elements is described.



removed therefrom as known in the art (e.g., by use of suitable resist
strip processing). The surface areas of surfaces 24 of each via hole 20 may
be increased, as explained in EXAMPLE 3, and a dielectric coating 28 (not
shown in FIGS. 38 through 42) may be fabricated over surfaces 24 of each via
hol e 20, as described in EXAMPLES 1 and 2. 25Alternatively, via hole 20 may
be formed by other known processes (e.g., |laser ablation). EXAMPLES 5
t hrough 8 describe various techniques and process flows for form ng
conductive layers within via holes 20. -30.-EXAMPLE 5 Referring now to
FI GS. 43 through 47, an exenplary process for form ng conductive vias that
conpri se copper conductive elenents is described. - 21 - Once a via hole 20
has been formed, surfaces 24 thereof nmay be coated with one or nore |ayers
of dielectric nmaOaté avia wte 20 hasHeem farchednsufaGes U3hereof hoy be acdtedivithtone c

ti 28 f 4. . P h di.scl .. EXAMPLES
173y be eERBEba CEGF S TERe). GO Hr 10 oy [t S BEET C

mat eri al, asodiiay 28Ryebirfacds BUiRraddssestsechay toesdisclosed in BXANIPEESHa3 ri er

| ayer 29" (e.g., Ta, TaN, Ti, TiN._. etc ) . Q, ... about 150 A thick) inaythen
bo” For mod, - 6 e tooRssuptes T itk 2 Gt visleRik whtepah ab iy ehys

di el ectrsc emet sui@bikiechnthuef)r events undesirable interdiffusion between h
subsequent |y fornmed copper .conductive el epent_  and thgémateri al._or, materials

of dielectric coft§RgerramieidayesgBsis & b 1oN, EediD ©1S) 6¢- 8mab@tilaP & 9K naybe

used to formasRRREie BANE, 85 défiBd ii?@f'(}.iM?'ObﬁﬁerBMﬁé?QWer honpietiton, titanium
nitride; tantalumnitride, tantaluth, and the |ike.. These and other
. materials fislacticgoatiag 28 pad presentheRdssiEablp aRerdHfusion berwseacsubssauERtY ng

material s Mayni@ IERE Shidii Y clEReN AR ARSI difmAterial C¥PYieleRRd doatisy 24
copper barrier l-ayer 29" that overlie active surface 14 of substrate 12 15

are t hef0r eROWPETARAZWR*prBIcE e @aterals thd MAYRE wsed R EoPPEP8™br ti ons of
copper barr i £&r 29¥g8udd witholCkmthish, tibiiurh Qliridid; MrkQGmtrRride PAR@Iurelaah
processes and mask and etch processes. Follow ng renoval, -and dependi ng at

| east in pa#he liksoThesseandyter gpateridpihal ach pbe bagieebRSMeseerPPpofd ons of copper
barrier |aygficddcoftfiiRemMhidl hay b depitd B) kAOWn pRREICOA). 4 Yoveyer upper
bond pad 15.gl 1E%?rclo.lé_l G g45€{t4aa seg\é mafgérgiltal goat.i.%g.BO"S o?éj'éc%pvgé (e. ?
about 2, 000. A t hPewipns of ¢appapraer laypse®” Bk gverhe activg sugfges 14ek substrate I ace 14
of substgat A I Il 5 mai n

W thin v e B R e e e R TP G oph

deposi t ed bbakisolanepd®ciaskhiding, byigiotdpigd GvBPeasretPlybrosessce Sybmaskreretell anket

gggff int lon BrRE&Ss eﬁol%&ﬁnéﬁ%ﬂov&? afl& B%ﬂhiﬂ?@?leﬁﬁggﬁﬁh ﬁgm% ﬁl%q?{ SBL R\ Al

g 30", -portionn of Seed materi coatin that oveflie active

surface 14 process employed, portions of copper barrier layer 29” remain within.via hole 20 and,
optionally, o.ver ﬁpper bond pad 15.

20 In FIG. 45, a seed méteriél coating 30" of coppef (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 éoppér of seed material
coating 30" may be deposited by know_n processes, including CVD and PVD broces’ses.

When blanket deposition processes are used to déposit the copper of seed

25  material coating 30", poniong of seed material cbating 30" that overlie active surface 14
of substrafe 12 are removed to prevent electrical shorting across active éurface 14
(e.g., at lbcations between co.ndué:t.ive vias or between a coriductive via and a bond pad '
or other electrically conductive structure that is exbosed to acti'\}e surface 14). These.
portions of seed material coating 30" may be removed by any suitable process,

30 inclﬁd_ing by known p]gmarizatioﬁ or polishing processes (.e.'g.,' mechaﬁical poli&hing,
chemical-mechanical polishing, etc.), with a spacer etch, or otherwis¢, as know.n in the

art.



of substrate 12 are renoved to prevent electrical Shorting across active
surface 14 (e.g., at locations between conductive 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 nmaterial
coating 30" may be renoved by any suitabl e process, 30including byknown

pl anari zation or polishing prcicesses (e.g., nechanical polishing,

chem cal - mechani cal poli Shing, etc.), with a spaeeretch, or otherw se, as
known in the art. - 22..- Next, -a@ag-shown in FIG 46, a conductive

| ayer 32" (e.g., about 1 gmthick), which conprises copper, is forned over
remai ni ng portions of seed material coating 30". Conductive |ayer 32" may be
formed selectively on seed material coating 30", w thout covering other
regi ons of SubstiNeiteaslshown ih EBG.Wtes comductiecllaybred 2 {y. g., Sbaut lepranipicle), known

el ectroless plating, inmersio | atin or .electrolytic plati

t echnol ogi e%r?‘cgﬁgwg'é%estcﬂgp%h‘éﬁ‘?rg"teaioé’g LEmaining PPy il 3852 éeé}??gnay be used
to sel ecti v&@adng8¢/0SCéndubgvecapdred2” afaydRtdradd setectiasiglon32éd mE¥AMPLE 6 10The
process flow of EXAVPLE 5 may be nodified_ sqnewh é, ?s shomm,ig Fggs. 48 and
49. I'n FI G coaling g p itipul caygringether regions of 8&%‘;5‘1"83 oy Iqareg farged theesdyy

mat eri als Cq@&rieﬂgm]p Okndven 10617816k s HIRe Oivifthersion pRatinEest dldti@iytr! pigat i ng 30" is

formed, regions of both seed material coating 30' and barrier, | ayer 29' that
are not | oc‘&?}lé’tﬂ’]%‘?shﬁ‘f?h\??éherfé‘le%“sz‘ﬂeso"r"ag%? frepYac YFGHUF“B)& ey3pddpe’ r enpved, as

shown in Fl Glechifely Hossh thoBsPpkt SMon@hctiResyensberi al coating 30" and barrier
| ayer 29" may be renobved by any suitable process or processes, including,

but not limted to, use of a polishing technique (e.g., CW), a spacer etch,
or the |ike. EXAMPLE 7 20Turni ng novgxAMPIES 50 through 53, an exenpl ary
enbodi mrent for formng a nickel conductive elenent in a via hole 20 is

descri b, ~ Tim mwocess floworld e Mib41 3 ey be magified semeiiabes Beaven Pad 15
carried by Agid V8 afludAGEFIA 4BNGHROMayd 20V Chhink LbMbikeely iftadtladh §bqONt O UPper

bond pad 15 by known techni ques, such”as el ectroless, imersion, or
el ect r ol yt | watsrigkqoatng 3 hivi fgtraed thearegyer. fhice(seedapategaliaqating 30 isdormedugh
upper bond Il%gﬁmlﬁ_f B skda lﬁ&bﬁﬁ]rc%aﬁngl?o"' g Garady 15?4?'29’" that are not located
within via hole 20 or over upper bond pad-15 are removed, as shown in FIG. 49. These
15 portions of seed material éoating 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 etch, or the like.

EXAMPLE 7
20 Turning now to FIGS. 50 through 53, an exemplary embodiment for forming a
nickel conductive element in a via hole 20 is described.

FIG. 50 shows a substrate 12 with an upper bond pad 15 carried by active
surface 14 thereof. A nickel film 15' is plated onto upper bond.pe_ld 15by known
techniques, such as electroless, immersion, or c]cctfolytic plating techniques. A via

25  hole 20 is then formed through upper bond pad 15 and in substrate 12, by a suitable
process, suéh as that dgscribeﬁ 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 layer formed from a non-silicon-containing low-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



process, such as that described in EXAMPLES 1-4. Thereafter, as shown in
FIG 51, a dielectric coating 28" is fornmed over Surfaces 24 of via hole 20,
on nickel film215', and on active surface 14 of substrate 12. Dielectric
coating 28" may include one |layer (e.g., an oxide filmfornmed by PLD 30 or
LSO or nore (e.g., a dielectric layer forned froma non-silicon-containing
| ow- K materi al and one or nore optional adhesion |ayers, as described in
EXAMPLES 1 and 2). Notably, dielectric coating 28" need not be etched or

ot herwi se seleetively - 23 - renoved pr4zor to the subsequent deposition
process. Optionally, a barrier layer 29 (not shown) may be forned over
dielectric coating 28". A seed material coating 30" is then forned

over dielectric coating 28". Seed material coating 30", which nay conprise
copper, is fGréoRd Ridr €l @kaabiehtert @eidsii®ndBoceds. DYpKeHAW, PhAEESIAGE 20560 as by
CvD or P.VD techm#g]ues A matskkl 40"éf;such%0 a, phot omask, nmay tﬁ& be forned
over seed rrﬁl?‘é’i’q)a’{‘a)b’i’f‘afqmi‘ﬁd%@rd‘%ﬂcﬂ@‘linﬂ@lgudes an aperture 42" positioned
relative to eachavigq wt@na?%amg%mtgtﬁe'ipﬂohhwseertdmedm& EQfEBON Rled
material into via hole 20, but prevent the exposure of portions of seed
materi al coatataip! Soating3AY".aviieh may ceRBLise ogrPoistipeaned o diglsswic avatiee d 15

and actiye %g kﬁ%&g%e%@’ QUE%WQU @HPVD lechmqﬁés FA GhasR 40t kgt 453t es,

foll ow ng the formation of ni ckel pl ated'pnto portlons of seed
mat eri al co@bmgﬁas‘g m)hté@n be @rmg@sgde@mmtwnl eating 3BT tMask 4" incpdedr m a
conductive |y X ep(ﬂltlongélﬁélzﬂﬂf ?oEZ{EhQJ?%ﬁél% 205020 cﬁltﬂmﬂeo about 5 gm
t her eover. p at|ng may ffected y any sultable process,

i ncl udi ng, _todruottlorlGﬂ natetieldntonyia bole 20 it preyepl the exgpsuecHimorfins, ofsmler SI on
plating, teC MU GHe Soa iR B bRME LimaRlifl F&%ohggﬂmpggqém g% 19 Akl ©

mask 40" |im ‘ conductive’tayer ce conductive ayer
32" has 1Beenuffareniddo soesiakdial. may be rem)ved by techniques that are known in

the art. Any ni Ciﬁ\elFIE}e ?glllms tfgr}om%ﬁﬁ%"fo%a érI sfergas?(f aﬁuéﬁ%ﬂf‘s éﬁﬁéd' S

renoved. 20Conductive Serve as a ma renmoval of
exposed por tontmmrotbnssctfesdedmhenaladoaumaw"ﬁ gheB @i‘e enpdsedahomgh hecsheag@untel 4248 of

seed materi coating 30" =) [ enpy. f t subseagyent |y
exposed por'?‘?(f)rrljén oronar vel Eltrc?rzcggtq nav %‘fs ERo sk goutg P% Hﬁ

removal nay tlisee®ikf. eNicrkdl ﬂﬂytmgmapbe eﬂﬁect@i bymwuabb:lh@nbcsss, ha:ﬂudlwtbuEndthe
Lal or

b or af ofaleaGere s BTG eshRof RhBRERTYIRY huflormi8 RLEIE;
conductive Iphyiag téi%mques. As illustrated, mask 40"" limits the extent of conductive layer 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 exposed 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 coating 28”" with selectivity over

the nickel of conductive layer 32"".

EXAMPLE 8
Another technique for forming a nickel conductive element of a conductive via
30 is described 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



EXAMPLE 8 Anot her technique for form ng a nickel conductive
el ement of a conductive via 30 is described with reference to FIGS. 54

t hrough 56. After a via hole 20 has been forned in active surface 14
of substrate 12 (e.g., through an upper bond pad 15 carried by active
surface 14, as depicted), and a - 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 alumnumfilm30"" is forned
over active surface 14, upper bond pad .. and dielectric coating 28, as
shown in FIG 54. The use of alum numis desirable because of its low 5
electrical resistivity and the ease with which alumnumfilns may be forned
and patterned. Aluminumfilth 30" nmay be formed by known processes,

i ncl udi ng, ‘Me‘ié&%cdabfi%Q@Bh@ﬂeen%ﬁné@l‘cov@@rﬁ’a@& TVEY \tle%wm@% biRsSe

processes nmay be used to upif g conformal [y coat al um nim over
exposed r egiPEAessseieserserin ESHEMBERES 15md Y adase 1ayer ¢emssinmamglumaium | vel y deep

(1 e, " i 9N snpot i Rhod o¥didactil @5rad014 LoMbRARlARKS! atienaBLeiEON Pr ocesses

are used to formalum num f , portions of the filmthat are | ocated
over acti ve ceating@Seasishoym lelPé@t 5"at"’éhcll§€@é?'gmm‘6ﬁ lﬁo‘ﬂ@ﬂre’él?lb?eaub%l?%llfs low, as

depi cted e £ ffected by
sui t abl e')’t egﬁgﬁr{ﬁ:g@s&gﬁ%lﬁd hé}fzaéﬁv gﬁﬂhg%%ger et c{ﬁlmag(ﬁei S |ér§§angr ocesses.
15Wth ref elpetmmect oAlﬁh@nurﬁ@lmr%mmyr’og fomned pnionoyfn pdogesserimchiding, 30° may be

coated with n# é 1m1tathe G% &%Vﬁ%r ﬁ@p%@ﬂﬁ&fe&' ﬁe rgges§e?snrg3eyol¥ Uﬁeg Itum hum

film30'. SUitanl € ni cke ron proc oedto
form conductumfemhlayned c@Formalfy mm:luminuvxeo‘#eayepossﬂ reglsnsqunmpct Hsvynd@aé eS ective
deposition process ec Ie electrolytic

pl ating pr o@%‘ggvers eé?ﬁlc’? 'ﬁgmﬁ%y eSR lu%’tstlngh aneCterlphggwa% kSkﬁy coat exposed
porti ongoof seedWﬁBetnehlaradct dqmsmng p&&essamkemeahtorﬁmg aponinumf#mod0 Upper bond
pad 15 and suﬁsequ roces needed. In

addi ti on, §E18ﬁ tfg’%’etggtlaﬁﬁlocgtn% "da AY ecﬁ? E%"b&gﬁ‘fiqzé “€6%Bot h upper
bond pad 15 padiettive esyes U7 fzﬁ&lepi&fédpfare/rleﬁlohéﬂ @s Fmssmﬁpﬁcanesmﬂrymomtdw t han

tely. 25 duct d d pad 15, it
S ot nevelE AT PhI Aok i st SRS U PR e TR ot her

conductive medcessedl prior to the formation of conductive |ayer 32' EXAI\/PLE

9 30Conductive f tur tions, of seed terial coail
conduct ilve th re erexgce tg Fleg)ér remzﬂnmg portions orfm]ummum fﬁm 30"’" ay be’

coated with nickel. The nickel forms a conductive layer 32" over aluminum
fitm 30"”. While any suitab]e nickel-deposition process may be employed to form
conductive layer 32""", if conductive layer 32'""" is formed by a selective deposition
process, such as an electroless, immersion, or electrolytic plating process, the resulting
20  conductive layer 32""" will only coat exposed portions of seed material coating 30"""
and remaining portions of upper bond pad' 15 and subsequent matérial removal
processes will not be needed. In addition, when such processing is used, nickel may be
applied to both upper bond pad 15 and over surface 24 of via hole 20 simultaneously,
rather than separately.
25 As conductive layer 32" may extend over upper bond pad 15, it is not
necessary to plate upper bond pad 15 with nickel or any other conductive material prior

to the formation of conductive layer 32"

EXAMPLE 9 .
30 Conductive features (e.g., portions of seed material coaiing 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/copper (Sn/Cu),



| ayer 32"w, conductive filler 36 (e.g., a solder, such as tin/lead (Pb/Sn)
sol der, a so-called "lead-free solder,"” such as a copper/tin/silver

(Cu/ sSn/ Ag), tin/copper (Sn/Cu), - 25 - tinisilver(Sn/Ag), or gold/tin
(Au/ Sn) alloy), or other suitable conductive material), etc.) within each
via hole 20 forma 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 illustrated by FIG 57.
SWhen blind via holes 20 are fornmed and f411ed, blind end 22 of each via
hol e 20 ni ay be exposed through a back side 13 of substrate 12 by any

sui tabl e process. For exanple, known back-grindi ng techni ques or etching
processes may be used to renove material fromback side 13 and expose via

hol e 20 t i th

conti nued « SPSHESrdSTAD T b LRSI Rl b birer QM drutie macerialll 1,

vi a hol e 20engywibien tidhl \édholiet20 foondactduedvd via[38thid6gh smhtstra&sl—Za Wheérn en net al
tal allo d fill li.ed.t

o ene 15! e oot RSt o PRERURE B DRGSR 90

k wave sol dehd 8@ pdaak Uitle letocfsbxbstrla&amdas)lelnmdtécﬁdy FIGf32.1 voi ds 34. Conductive

fill 36 t | | j on.

A ternatsvely. cOmmRaTOe T pRFRO 38 rpoged Fibdclindind %o i wE fols B

negative presyWe@xpieditiroMgh PbaksSide]3 &Tsuﬁﬁfaltb’im bahny Qfit®le process. Pé‘r ShOWﬂ a
conductive bunp 37 may repmain on ‘%B’&PFbond ad 15. Altergatlvely,

in
addi tion, aCStYRRIGIOVR BIGksriRdingde VI RPEPTOIES SEOMBU O VS 8'&”30‘?0 of

substrate 12adrfal #8f BRR sideABdina ek yie RIHALISTO BRMrRRUrE LIRS dDACK B8N 3.
processes (e.g., by suitable etching processes). EXAMPLE 11 Alternatively,

as shown in FIG 47, any void 34 (FIG 46) that remains within a 25via hole
20 may kg filled with a pl ug of an eg;@&MchEajdy nonconductive, or
dielectric, filler material 35. By of nonlimting exanple, a _liquid
(e.g., nolten, uNidh @altlnet:%refereil@|t@€!(¥1 ¥ pivPidet4 (*Fd@eg¢)éha‘3§mﬁ*é‘9 vidingppl i ed

to active Sl’ﬂaf }ﬁﬁ§2dﬂla9fbe$ﬂlla§t\xﬁﬁat&ma‘?ct9¥ fﬁ*l@y'3§ Wiy z?nfoﬁ@xtf'meﬂi‘l'%r fReal- -
spi n-on processes, spfaying, etc. I

%l(l)e gasm V%H-“}/ actively (e.g.
under pressahey e f Q?é); ¢<P1'tdtu6@t?c fﬁﬁt”éﬂ\hﬁ*’d’? gd tqn qcéd§t14p%frt| ally fill

30 the same.ghgrakbi2 by any suitable process (e.g., in a bath, in a wave solder apparatus, etc.),
15  and permitted to fill voids 34. Conductive filler 36 may, for example, be drawn into
void 34 by capillary action. Alternatively, conductive filler 36 may be forced into via
holes 20 under negative pressure, positive pressure, or mechanical force.
As shown, a conductive bump 37 may remain on upper bond pad 15.
Altematively, or in addition, a conductive bump could protrude relative to back side 13
20 of ‘sub-straté 12. If desired, c;)ndlictive bump 37 may be femoved by known processes

(e.g., by suitable etching processes).

EXAMPLE 11
Alternatively, as shown in FIG. 47, any void 34 (FIG. 46) that remains within a
25  viahole 20 may be filled with a plug of an electrically nonconductive, or dielectric,
filler material 35. By way of nonlimiting example, a liquid (e.g., molteﬁ, uncured, etc.)
dielectric filler material 35 may be applied to active surface’ 14 of substrate 12 by ;:lny
suitable technique (e.g., spin-on processes, spraying, etc.) and may be passively or
actively (e.g., under pressure or force) introduced into void 34 to at least partially fill

30 the same.



| f necessary or desired, excess dielectric filler material 35 may be renoved
(e.g., with a suitable solvent or etchant) fromone or both surfaces 13, 14
of substrate 12, as well as any features (e.g., upper bond pads 15) thereon.

5EXAVPLE 12 Turning now to FIG 58, electrical comunication may be
est abli shed wth conductive vias 38 and, thus, wth their correspondi ng
upper bond pads 15 and circuitry (e.g., in the case where sem conductor

device structure 10 is a sem conductor device, with integrated circuitry of
t he sem conduct or device) that comruni cawes wi th upper 10bond pads 15, by
securing external conductive elenents 50 to bottom bond pads 16. External
conductive elenents 50 may, by way of exanple only, conprise the illustrated
ball s or bunps of conductive naterial (e.g., netal, a netal alloy such as a
sol der, a conduclfinéeesparly yrdesired, exendidi¢lodtrit fillbexlateahly3femay bé eemovedonduct i ve
pins, pillars, or, colunmms, . or a so-called z-axjs,.conductive film which

i ncl udes a &l ‘éﬁlff’is%“@q RIVEE A oS ORI 0% ©F ?‘Hﬁﬁ'ﬁ?%esé?tgmé ng only al ong
t he thi cknegsbsirte 12; @38 ast dngrfeqbires Bxp.etippl bomnpudstlisy ehegdomtrent s 50 nmay be
used to electrically connect sem conductor device structure 10 to anot her
el ectroni ¢ conponent For exanple, as shown in FIG 59, contacts (e.qg.,

bott om bpnd pads 16) of sem conduct ggxAprLee2structure 100 may be aligned
wi th correspondi ng contacts_112 of another 20sem conductor devi ce conponent

110, then the coRPEEEIRIGFIG. 98 ¢leqiriend sampugicatey may beend@bhishe Wils pondi ng

contacts 11gsRRekvetad B AH¥C (G OK K their dorBiRMbTngGdbe CEURILPALS 88 bcirdldithh
external conductive el enents 50. The presence of separate contacts (e.g.,

upper bond fFagisinthg cass Wheks sepyitradpttar dayigeatrRicire. L& i s RUERNIY FLop devicte

structure 1Q8mfiaghlatddati@siudy/ b ut SRASHILEBr d&hice) BadekinRthnicaltls vADOIPpRS |
el ectroni c conponent, 25such as the depicted sem conductor devi ce conponent
120, ovl? sBeRERAdadet By seaeReE PR ORayive Gls et I d0itar RondPads}6-t he upper

seni conduct ekredaY coRIueOIIRIERE S 36%2,6@%95% Snechinbhly, @b Heh Blstrdied |
el ectrical conmmunication (e.g., with conductive bu to corresponding

. 37)
contacts (eb#!s orfyypws opesiupassmatsyialde-g. meetah dEmee! gﬁ?ﬂ Bshds étseldetidvi ce

structure 1@&1du§9@ﬁm&m&i(§€Qﬁcﬁ§t&fﬁlféa%%l§9rﬁér?&c.b,rboﬂ@&&ﬂe%ﬁ{Ei, pidaAUGt or device
structures 100 according to the present ‘invention may be used are descri bed
i N Famwor t hcolygmg, Qs a so-calfed z-axis coriductive film, which includes a dielectric film with

15  conductive filaments extending only along the thickness, or z-axis, thereof.

External conductive elements 50 may be used to electrically connect
semiconductor device structure 10 to anothér 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 contacts 112 of another

20  semiconductor device component 110, then the contacts (e.g., bottom bond pads 16)
and their corresponding contacts 112 secured to one another, in electrical
communication, with external conductive elements 50. The presence of separate
contacts (e.g., upper bond pads 15) on the.opposite 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 100

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



el ectroni c devices wi thin which sem conductor device structure 100 nmay be

i ncor por at ed. Al t hough the foregoi ng description contains nmany
specifics, these should not be construed as limting the scope of the
present invention, hut nmerely as providing 5illustrations of sonme of the
presently preferred enbodi nents. Simlarly, other enbodinents 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 invention27s, therefore, indicated and limted
only by the appended clains and their |egal equivalents, rather than by the
foregoing 10description. Al additions, deletions and nodifications to the

i nvention as disclosed herein which fall within the nmeaning and scope of the
cl ai s ar e detioaicaievicas edthinheliield yemicondBtor delide Muddrati 00 snayltai ned: 1.
A sem conduct or devi ce structure, conprising: a substrate: at |east one via
hol e extendpﬁﬂpg?epeast partially through the substrate: a base |ayer

conpri sing seed Amidighdhe mreg@tngl des&iptidnROntairs My specifitd, @tege SHouldigotdle | east

one via hole; and a conductive terial coating %he ba e lay er 2. The
seni conductOFSERed 6 druppg e sFaped the RIFFANE INVERLSTe PH 3b%fsﬂ§°Y‘ "8 conpri ses
copper. 5 illustion$6f AP FARSIpeiedlly esreced &hbétﬁﬁnuﬁt@ sfmm{rw giér further
conpri si ng: barrler | ayer hetween the base I ggd at least, the portion
of The sur feaRho0HPCAthBf e EaEEn BRE b6 PEViFRsl which db ot depaniior HeseBiidtict or

device strugbhpd @ftaé fds@itimventivdl eF @hired ﬁ&nbﬂffékﬁerﬁlﬁiﬂ%eﬁ@%&'b@%ﬁxp@éyeheaSt
one of tltanlu Fanlunlnltrlde tantalum and tantalumnitride,. Th

S. The
seni conductiBeo Waé‘@“ sThgsceps ef be inyeation 5, therrbere; Wdichied apd diited vyt er i al
conpri ses GRPRSPended claims and their legal equivalents, rather than by the foregoing

10 description. All additions, deletions and modifications to the invention as disclosed
herein which fall within the meaning and scope of the claims are to be embraced
thereby.



6. The sem conductor device structure of claiml, wherein the base |ayer
conpri ses al um num 7. The sem conductor device structure of claim®6,
wherein the at | east one via hole extends through a bond pad carried by the
substrate. 8. The sem conductor device structure of claim?7, wherein
t he bond pad conprises an unpl ated bond pad. - 29 - 9. The

sem conduct or device structure of claimf-wherein the base | ayer contacts
an unpl ated surface of the unplated bond pad. 10. The sem conduct or
device structure of claim6, wherein the conductive material conprises

ni ckel. 11.The sem conductor device stClu&stM$e of any of clains 1-11, further
conprising: a void between opposed surfaces of the conductive material.

12. The sem wamduchiseddevi ce structure of claim 11, further conprising: a
dielectric filler material within the void. 13. The sem conduct or
device structure of claim 12, wherein a surface of the dielectric filler

material is substlanti qu L%i?&%h%?ﬂev‘f@ésﬂu@tu&?E&ﬂ&%ir?gfz t he substrate.

a substrate;

at least one via hole extending at least partially through the substrate;

a base layer comprising seed material on at least a portion of a surface of the at least
one via hole; and

a conductive material coating the base layer.

2. The semiconductor device structure of claim 1, wherein the base layer

comprises copper.

3. The semiconductor device structure of claim 2, further comprising:
a barrier layer between the base layer and at least the portion of the surface of the at

least one via hole.

4. The semiconductor device structure of claim 3, wherein the barrier

layer comprises at least one of titanium, titanium nitride, tantalum, and tantalum nitride.

5. The semiconductor device structure of claim 2, wherein the conductive

material comprises copper.

6. The semiconductor device structure of claim 1, wherein the base layer

comprises aluminum.

7. The semiconductor device structure of claim 6, wherein the at least one

via hole extends through a bond pad carried by the substrate.

8. The semiconductor device structure of claim 7, wherein the bond pad

comprises an unplated bond pad.



-29.

9. The semiconductor device structure of claim 8, wherein the base layer

contacts an unplated surface of the unplated bond pad.

10. The semiconductor device structure of claim 6, wherein the conductive

material comprises nickel.

L The semiconductor device structure of any of claims 1-11, further
comprising:

a void between opposed surfaces of the conductive material.

12. The semiconductor device structure of claim 11, further comprising:

a dielectric filler material within the void.

13. The semiconductor device structure of claim 12, wherein a surface of the

dielectric filler material is substantially coplanar with a surface of the substrate.





