-1- PROCESS AND INTEGRATION SCHEME FOR FABRICATING
CONDUCTIVE COMPONENTS, THROUGH-VIAS AND
SEMICONDUCTOR COMPONENTS INCLUDING CONDUCTIVE
THROUGH-WAFER VIAS 5 TECHNICAL FIELD Field of the Invention:
The present invention relates generally ta $emiconductor fabrication.
More particularly, the present invention relates to methods for making
electrical interconnects from one surface of a substrate of a
semitROUERS ANPPNERGRATI e SPHEME EORacABR KA SIN6HERNIDPUCTIVE
the se@(RdRONEN LR ripdRE@HCARY, 1A reNPaSIAV NI UNERORIE PONENTS
fabricating a thrdd§H-UiRING @aieDUididase RO IOE- SISt EIAS
BACKGROUND 15 State of the Art: Semiconductor chips may be
produced with integrated circuits on both sides of the chip or may be
designed to connect to or interactliithidtiiesle[EBikdnic components or
other semicgpdycior ehiDs; dntesnosars mev,be Htlizefl for Inferfaeing Woiconductor
electrical components, such as a semiconductor device and a prlr?/ted
cirdaitriveaod, afdoropteictotdyarte mespdne usentionintelf@seta methods for making
semieandSr WAIRLACAMPIARS AAIATOF 20,iesling Jhe i8N dN&or component to
semiconductor water. Semiconductor chips may be formed o

10 serthicorphysitr wafierordatibe bwlkssatsstodtehnatenalondoieointanppseest and, more
an ntactor bhoar a of silican,.ceramic_or pel r
B ST B g, or otter
for edminateting an integrated circuit on one side of a chip to: an integrated
circuit on the other side of the 25 chip, a ground or other bias voltage,
another electronic component or an integrated circuit on another chip.
Vias are also used for providing eld@ticKKdd@idNmRication between

15 StucturesSSIRPAA A ORRATIIAGIUSP A AR HSE QARG Lircits on

contact pa es 0

wherein the structures may align wit or other structu

e|ebﬂtimaicte@mbdmerrhipmma@mﬁﬁ@e@mwg&mhﬂmm@fﬁhmhﬂ electronic
VarBHm G Qﬂ%%t §&I%&9&HPH% sk 5'5%%'%2[ %@ﬁﬁﬂ%@ﬂ)r interfacing two

circuits results in vias having increasihgly higher aspect ratios, which term
refg}@tdqqtiecmmilqpoqsméign@@@kmgﬂmﬁgm{h@mr device and a printed circuit board, and

contactor boards may be used to interface a semiconductor wafer and a probe card for
20  testing the dice on the semiconductor wafer. Semiconductor chips may be formed of
semiconductor wafer or other bulk substrate material, while interposers and contactor
boards may be formed of silicon, ceramic or polymeric substrates.
Conductively lined or filled holes (hereinafter “vias”) are used for connecting an
integrated circuit on one side of a chip to: an integrated circuit on the other side of the
25  chip, a ground or other bias voltage, another electronic component or an integrated circuit
on another chip. Vias are also used for providing electrical communication between
structures disposed on opposing sides of an interposer or contactor board, wherein the
structures may align with contact pads or other structures of electrical components and
establish electrical connection between the various components.
30 The continued miniaturization of integrated circuits results in vias having
increasingly higher aspect ratios, which term refers to the ratio of height or length to width
or diameter of the via. One factor contributing to the increasingly higher aspect ratios is

that the width of vias is continually getting smaller. Known processes used for filling the
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or diameter of the via. One factor contributing to the increasingly higher
aspect ratios is that the width of vias is continually getting smaller. Known
processes used for filling the -2- high-aspect-ratio vias in stacked chips,
interposers and contactor boards, which are typically about fifty microns
wide have difficulty filling these vias withopt forming voids or keyholes in

Conventionally, the v ay.be lined W|th a seed | metal
ehn % c%p\p{)earltlasivnggchem q<|et/£nap?<{)Pdegltges on (SC )ora%y(s)fcg vapbrWthh are
demmltubky 5t(®VDﬁt,}A/mh1erewEftmdhd1mdhfﬁyelnysﬁ¢kuagehebq ‘eteotmipltanftgmmg voids

Asth ctr soft vias ge Ejr |tbeco re |ff|cu
e SRRSO VR AR B vk R R RAT R (8 r of a metal,

ke;sboleasthe;eicrwtsmnlg &dvenselwaﬁe&cﬂﬁpesnwdm&my of phgswial vapor deposition
Re FIG 1. there i hown a cros sub tr

3 gerndty Srie g e S BRI R AL gy s of e
eIetatw@atMglprouewkHEwmmethﬁfmﬂtmeamerihw pfatieg vizaePias to line or fill the

coated with a mefal layer 14 yv |ﬁ|(€] been deposi usingthe ..
th ductivity of
el I SR e gonactivty o

whibh vmetal, in ionic form in solution, is deposited on a substrate

immerse ini the Ig orm_of the meta rrent is
passed frcgr:f %H%’?Od? Rlﬁrgqu the ele ct}goélgt?ss ng{;&o utkl‘oés}slﬁc[t%tﬁéetrﬁeauy at 10.
metdkionsstintedegodited vn tRetivathodiéegrovideth pjeatsgddilagy/progess known in the

megﬁl' OHIQ ggyg,ﬁh@% §t{§ ho%te% quag?n%[aq"ﬁ}fpre ﬁl 1915[ ch % I%een deposited

uneven an en the Vla IS fi to completlon the uneven surtace
maysies theieltise dolatinganatenelechmpletingids im Wiecwntamlmé@smday which

(e 8 HIGE KR DURRRTETS U MRS B G0 i ARG P contining

platlng pI‘OCGSS In electro SS p ating, a se ayer may orme
for tbgaampidousing thtametal ethaweent chessiedikapen @epd%itmugh Eltem\;tmplatmg

Th %Et?& LﬂXﬁ &ﬁﬁt‘iﬂé‘ﬁ%ﬁ&%&%&@)ﬁ?'&&y Oﬁl ﬁ%'&(}% M@é& 159/ @ seed layer of

bath that contains metal ions In aqueous solution an emlca

redueinlgodgemsuistiatthat thidlusisatddonstafecd ep duitartaiayrs séétlungean and when
by 8 £0EmiEAl f‘?QHQH%BrH#?é%ﬁﬁF 1hd ﬁ'n@vélh“s?}{?at@esn?agﬁ%ﬁﬁrtsﬁﬁh%rt&tnauon of one or

another substrate generally at 20. The 25 substrate 20 includes a via 22
filledorgthoadmist dhdasrmtas mein dibiagtiapiatndnagheidwavim phecensesT e via may be

meltﬂ‘felé'[l%?raadél\é@r?b%%? Bﬂtﬁ% B}BE%s§ff'1§i%ﬁE£¥r81%§£ HT&%HQ RPLRA qa ﬁ{ay be formed

surfaces of the substrate 20 and resulted in the via 22 béing substantially
cloBrdfpreexamele, using plasma enhanced chemical vapor deposition (PECVD). The seed

layer is coated by a metal layer by placing the substrate in a bath that contains metal ions
in aqueous solution and a chemical reducing agent such that the metal ions are deposited
on the seed layer by a chemical reduction process.

FIG. 2 illustrates a cross-section of another substrate generally at 20. The
substrate 20 includes a via 22 filled with a metal layer 24 using electroplating as known in
the art. The metal layer 24 was deposited more efficiently near the upper and lower
surfaces of the substrate 20 and resulted in the via 22 being substantially closed near the
upper and lower surfaces of the substrate while a middle portion of the via 22 was left
unfilled. The unfilled portion 26 of the via 22 is referred to as a keyhole and the presence
of the keyhole detracts from the electrical conductivity of the via 22.

In an attempt to avoid the formation of voids and keyholes in the via, other
methods have been developed to fill the vias. FIG. 3 is a cross-section of a substrate

generally at 30. The substrate 30 includes a via 32, being filled using electroless plating as
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upper and lower surfaces of the substrate while a middle portion of the via
22 was left unfilled. The unfilled portion 26 of the via 22 is referred to as a
keyhole and the presence 30 of the keyhole detracts from the electrical
conductivity of the via 22. In an attempt to avoid the formation of voids and
keyholes in the via, other methods have bgen developed to fill the vias.
FIG. 3 is a cross-section gf a substrate, generally at 30. The substrate, 30

ok RS Ml TG B S R o P R e proces
artalFhecfalstr ateaS OnsrplacedphtanpatAfatlestirelettrolessiplagingprockssied over a

also referred to as immersion plating. illustrated, a metal layer 34 is...

el RSB AR AT IR0 BN (T BRGNS JepRjion of metal
comitili chesvale B2 sitiorbahmeliyl fletil wheh vie 3R isl skbstantialdilEdiwitss deposition
the metal. Hiauever, he slactioless denpation 5,00 sSAUEIG: BIAY 0. Further,
resultin voids or epressions being presén inthe via 32 Furt er, since
elesirotedscplatisgpktiemtiveltsioly, slew, the, hetalcslichuds asiokeiglisis deposited at a
deposited at a. maximum.rate of roximately 20 mjcran rhour, the

o B O R I AP RO IR R RELIOHE {0 Fompicte the
Fodapstanoe, fif dbesviends 16 mnédieahle depasitiancprotcdlss weulkd Tkem wide, the
about one and three-quarter hours to de 'alggt?, 0 of al
e e A B R R RO PRSI Hbout 35
towdrthetrd oartter withervid thecomglatel) filniBe asalB82mietdroyhesatwnyt inwardly
to avoi f tj f voids i ia, an electroless

boﬁ%‘sran fclq Ir&g?(%rlqu% Egsq }&%lgv%ﬁl ﬁgtﬁglgrt #%i; %‘gﬁ%\e@? FIG. 4 illustrates a
cross-sechivarotlzes abistrptetgenvoid|lthatfaonTtwm sofbstridte 1@ ikejhdéss an a via, an

via o AR @é{?&n}%ﬁf[@é@%tsa'?ﬁg&%% efﬂlr%gxg Rl%y% 146-87 RSV 48 strates a

and growing towards a top 48 of the via 42. ottom 46 of the via 42
magreorgtice afsuitdbleatn grauiesuthaadGoppesiCuatariékiectpor via 42 and a layer

t“”%%‘%ﬂe@%ﬂﬂ S ARRIPACH dﬁ’&%ﬁl bR Rresea ?ré%ﬁ é’oﬁ%ﬁ?’d’s%f%% 48 of the

the layer of metal'44 in one direction, upward, and notfrom t es o

theda#32 Tis w4 FliGea)avildsaand Reyholesteleontsthiaeh as copper (Cu).
betyyaen IRYLES &Begé?eﬁ?'(ﬁfc}?wt%g IONAOR B RSt Si%Q&“iQ Mdlby depositing

process may be performed with copper in an attempt to avoid keyhole

fqrmaﬂ@mrpﬁw@l@nd éﬁém@mﬁigi@n&nrpmac@pp@.nﬂbﬁ@vethesm thlethe via 42 (as
Viag, iy Hlqué}.d >R, &ids Sk e %&’é&@%&%&l@&%@l@%ﬂ@%‘a of metal growing

deposits metal at the aforementioned relatively slow rate, the process to

corigwaresehifiitiaoia Eharkatieapfibrocess may be performed with copper in an attempt

to avoid keyhole formation in the via due to migration of the copper. However, since the
vias may be as deep as, e.g., 700 microns, and electroless plating deposits metal at the
aforementioned relatively slow rate, the process to completely fill the via is unacceptably
time consuming. Electroplating from the bottom of a via is also known, wherein a
conductor serving as a cathode is placed over the bottom of a substrate, covering the
bottoms of the vias. However, such an approach severely limits the stage of wafer
processing at which the via may be filled and may impose design limitations on other
structures formed or to be formed on the substrate.

Accordingly, a need exists for an improved method for filling vias that is faster
than known processes, does not leave voids, depressions, or keyholes in the filled via and

is cost effective to manufacture.
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time consuming. Electroplating from the bottom of a via is also known,

wherein a 25 conductor serving as a cathode is placed over the bottom of

a substrate, covering the bottoms of the vias. However, such an approach
severely limits the stage of wafer processing at which the via may be

filled and may impose design limitations oy other structures formed or to

be formed on the substrate.mggg%ﬁkeﬁ\g\@ﬁsﬁéw an improved

method for filling vias that is faster an known processes, does not

leave void$ed pprsssionseidoeymolesnmither fithé cewibcaindesscosteeffentivethe above
to %}%QCUJ tl%tsu ey _4_0\[/)1| 111C Lo%lléﬁlgd%r”}lov El\rllTlgl)l\clo-lr-l e TR ! llrrllvgnstie%’conductor
in & number ofempboadimen S, overcomes the Hodve’ di |cuﬁiesaby
prasadipgnantngtt ednfiarofatming @mopnoegtivesvlarng tgefmoondibetoethods of forming

com %nept and se icfgnductor comgqnents refsultinq therefrom. The .
({é)nduc 1}(? vias O c esent 1nv nl?lil arce r1aster han %OWH é)]‘TDCCSSGS since the
methods of forming 5 conductive vias of the present invention are faster

tharvhdosimeproc ésses singéetbly Ghed wotlveryiddstioptatednpieietyréilisel plated metal.
with A, elestionlalad o elssirolees plated metal, AN MECINMUEHNE: tayer of
vias of the present invention include an annular layer of conductive

matenidithet imaabstdhaiaitysireganfialigSramidsyegyd kayholed sagholhatsuch that the
the sonduonviby ALDG Yiade Aol samprgmised. 10 One exemplary

embodiment bt a method tor orrﬁlng a conductive via in a semiconductor
componefinactudaglproidihgdansuivstfate matling dofiréosumigce apulactive via in a
OpPRYSI d I 0 extending from the fi
R i surace and an
sulpppaserysemad kykcs dddhiest tmeHwlirextendfag &othdghsemhdusiadade the second

a”‘éxﬂf%é‘é‘ﬁ)‘%’ﬁlk%ﬁﬂ%% é@&oﬁgﬁr@?'&?@sﬁaﬁg i%t&%dlﬁje‘fkf%ﬁgﬁﬁed to the first

The seed layer over rst surface and the opposing secon
surfadecef theesscbatranefisorantbeedddealinglinmgdbe dayessoonpdole formed in the

sideyyail.of theat %%ﬁ@@fﬁgt?%nﬁéﬁ?& laverond ?h%i‘éﬁ‘ﬁ@#dg ORI surface of

with a conductive tive or nonconductiv ateria

is ifteothbstaténtoramenediniviyiogdbe heathdazelemsthorradaniall Iof drotiideast one hole.

exgrplanyeMROdmant. &iEeaAnd maiodjor f@@%ﬁé‘ﬁm«@ FORAYRHVE BRductive or

via through a Substrate is also disclosed. The method comprises providing
a supreatbicHygildea isterial iidradieredhiploposimgiswespdcsurfaeatdeast one hole.

least one ﬁla%(ﬁttytﬁ%f gwﬁf}lé?yt@ﬁlbodimem, a second method for fabricating a conductive
via through a substrate is also disclosed. The method comprises providing a substrate
having a first surface and an opposing second surface. At least one cavity is formed in the
first surface of the substrate. A conductive layer is applied over the first surface of the
substrate and an exposed area of the substrate that defines the at least one cavity. A filler
material is introduced into a remaining space of the at least one cavity. The conductive
layer and the filler material introduced into the at least one cavity are exposed on the
opposing second surface of the substrate.

Yet another exemplary embodiment comprises an intermediate semiconductor
component including at least one conductive via precursor structure. The intermediate
semiconductor component includes a substrate having a first surface and an opposing
second surface. The at least one conductive via precursor structure extends into the first
surface of the substrate and terminates in the substrate before reaching the opposing

second surface. The at least one via precursor structure includes an annular conductive
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first surface of the substrate. A conductive layer is applied over the first
surface of the substrate and an exposed area of the substrate that
defines the at least one cavity. A filler material is introduced into a
remaining space of the at least one cavity. The conductive 25 layer and
the filler material introduced into the at leagt_.one cavity are exposed on

the, oppRsing seqond sufface. ot the substate, Het ANOEr SXOMPIAY, conductive

iment comprises an intermediate semiconauctor compone
incfiltingattedst one conductive via precursor structure. The mtermedlate
semicond}ict mponent include asubetratte I'E;lvm aflrst surf ce and
é: g ?ry: Ilnh ﬁi nvenuon COl’IlpI'lSGS a

an opposing éB Second surfate. @4st one Corfduictive Via precursor
strucmﬁre)miueﬂodsmm;)cﬂmlﬂnstlmﬂufgcaesmbshetsdtaszu@eiat“ndtterrfanawsllan opposing
thessgot%lcf I’Sal.;[l‘ a%gf%$ ?Ch n(%the O&)lP%%IGngla exte (EJ 86 ere g-tr\x?eeeg't e at least one
one Vvia precursor s ricture INcIides an annular condtctv ayer that
extenddtom theifirbidss dfacemna civodmeser bwathaﬂmmd&fmm the first surface of

noqgonq)u?tl\(e flﬁ?r mate(lilal rﬁ furtP ﬁlr eax%n@&ltaryﬁ con%glcql\(?g E)P nonconductlve filler
present |nvent|on comprises a semicon uctor component mclud Ing a

suMamlhavmmmwfhgelandlmnlepposdngtlﬁeSéQ@nmréam@dfem the first
leagt.ene sppdy i%"? YA sHen %%ﬁhe § eﬁc-erhﬁtﬁ%

conductive via includes an an ar C n uctlve ayer that extenc%s from the
first surfaddopridsensubstrtenclie swoontsesfaoeyof thwdgbstngiedifent, a system

t I
AN Y AL L TR0 RGBSR B Hinicaion with the
substeetpregasieroppbsing lest ond sufaey ofethes sulysprates 4G:atisgrate having a first
Preg&RLInY H“Qﬁ‘ B SRE TR c}ée%r?d‘%h?éaﬁﬂ“&%d%ge Ve via extending

system Inc udlng a micro rocessor and at eas_t one memaory device In
cortherabitaition \/\Hﬁthwelwmmpre@@MWﬂhe andbuaist omeanmaaoyyge viteonductive

COmRIISET &?‘éﬂ@‘igf?n %tf'ﬁ}fa%gr@‘iﬁn?'i% &%}898?&&” g%%‘ﬁ%‘!econd surface

surface and at e con uctlve via exte erebetw
least dreesobsithietive vmlﬂm@mcteerammmﬂmtlweﬂbf cuHeitipecirsumscribed by the

majEHa ?ﬁ?&%ﬁ‘%@%ﬂ&ﬁ&ﬂféhﬁ%%?%ﬂ é%r?dé%&rﬁtﬁléofﬁﬁ?s%%éﬁ}%e substrate

second surface of the substrate. A conductive or nonconductive filler
malieths epriceagnsetinddwietseodh sibstaieer biamecowmp detiigs alstténpindes at least

and, eeRASIPNING Usheurass ohdeRRFValg, to the opposing,
second surface of the substrate. The memory device also includes at least
BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate what is currently considered to be the best mode
for carrying out the invention:
FIG. 1 is a cross-section of a via in a substrate filled using an electroplating
process as known in the art;
FIG. 2 illustrates a cross-section of a substrate having a via substantially filled
using an electroplating process as known in the art;
FIG. 3 depicts a cross-section of a substrate having a via filled using an electroless
plating process as known in the art;
FIG. 4 is a cross-section of a substrate having a via filled using a bottom fill
process as known in the art;
FIGS. 5A through 5G illustrate acts of an exemplary embodiment of a method for

filling vias of the present invention;
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one bond pad overlying the at least one conductive via. 20 BRIEF
DESCRIPTION OF DRAWINGS In the drawings, which illustrate what is
currently considered to be the best mode for carrying out the invention:
FIG. 1 is a cross-section of a via in a substrate filled using an
electroplating 25 process as known in thegut; FIG. 2 illustrates a

cross-sectign of a, substrate havi ia substantially filled using an )
CoctomatRas? @ RRAEhe A TSRS 5 AP R SentiTeld Ehpodiment of o
of anstistfatdilandnipa ofighfilfedsesingyamtietectroless plating process as

known in rt; FIG. 4. cross-section of a supstrate havin Vi )
filod vanbIESTT & Ml 78 S HAERNG A0 SREH AL A or forming
ilustratef dotprher exemplary embodiment of a method for filling vias of

the presepyNeRlion. -FIGS, AMNOUINBLINSEALS Acts of ANOMShecrs formed

. 1Cts d semiconductqQr,co avipg e
exemplary em odiment of & method for T INg vias of the presen
invesitigmhdp@S:n7 Athntoghai® depict acts of another embodiment of a
method faqforging, vias o {18 RIESST IYNUAN; & EIG. 8 AeRIGIS Aing he clectrica
semiconductor component awr% electrical mterconnects formed usﬂ%g
theigresanteriy érttiontahdeBGhOns hathetiatiordiegraneatiean electronic
system incorporating the electrical interconnects fabricated using the
methods of the present invention. 10 BEST MODE(S) FOR CARRYING
OUT THE INVENNOMGleh&yal)RHeARESEM (nOdfikidid InENMEN MENods

for manufé%%%’dg,,e lt%gt%(fggeﬂ%?tﬁ{ggﬁﬂ %CEﬁC es"%&fh‘iﬁffé“ fBP%l ﬁfl%gﬁn%g electrical

substrate to pPposite surrace o t%e suE)nstrate ora semlcor?ﬁuctor
commppentcThel viayiarayrefactricalyfeonméct vabitdiate édetiteicaipsinictsydgce of the

of %&%‘C&”Q%%R[c%ﬁﬁh%?ﬂ}ﬁgeﬁrﬁ 6H91¥t.b91‘1‘%egi£9 ?‘gftﬂ?e%@%{cjaﬁlf%ﬂﬁg& various

with other components. It wi apparent to those of ordinary skill'in the
artelggtrical structures of the semiconductor component or may be used to electrically

connect with other components. It will be apparent to those of ordinary skill in the art that
the methods for fabricating vias of the present invention will also be useful in
manufacturing interposers and other substrates such as contactor boards where electrical
interconnects are desired. As used herein, the term “semiconductor component” means
and includes electronic components fabricated from semiconductor wafers, other bulk
semiconductor substrates, and other substrate materials susceptible to the formation of
vias therethrough in accordance with the present invention.

Referring to the accompanying drawings, wherein similar features and elements
are identified by the same or similar reference numerals, various embodiments of methods
for fabricating vias formed through the thickness of a wafer or other substrate are
illustrated. It will be apparent to those of ordinary skill in the art that while the processes
described herein illustrate methods for fabricating vias, the acts described herein comprise
a portion of the entire fabrication process of a semiconductor component and may be
combined with other fabrication processes. As used herein, the term “substrate” will refer
to any supporting structure in which vias may be formed including, but not limited to,
semiconductor wafers, interposer substrates, contactor boards or other substrate-based
structures.

The invention includes methods for fabricating a via through the thickness of a

wafer or other substrate, wherein the via includes a conductive liner material and a filler



the methods for fabricating vias of the present invention will also be useful
in manufacturing interposers and other substrates such as contactor
boards where electrical interconnects are desired. As used herein, the
term "semiconductor component” means and includes electronic
components fabricated from semiconductoy wafers, other bulk 20

semiconductqr substrat s nd other sub rate materials susceptibl

gt e e e SRR S AR RERR eRal. Refering
inveotiot. Raefengnido fide &mempﬂmymgadmmrsg&;mhﬁfememmdaductor component
featlélrlers ﬁnd e{%@etﬁsb s lde?n({l th%%nse%anmfogr i ers rae fs%%es?r% e d112 having a
numerals, Narious embodiments of metho or fabrica ng vias forme

thréugsutfecthidknesbanf @pealeg ercothiesusinostidte dite Bﬁbdhmbréﬂéhmktwwidimprise an
be alplﬁjg(r:erétt Stgose JC{dlnar esklll m#}he arEEtpr%{ Wr\;vl rtgltrel oce te av have
desc gshereln rae me 53 for ricating vias ﬁ1e acts escn% dm y

her@nccmnpm@@s a\apcnstlcﬁormﬁmdiemrelfahnhagmnepmcew@fsamlconductor layers or
Semt QIR0 neg;[tand ﬁlﬁl)fn tg e?llnn% u\ﬁll\”th Pther frqbrlllcs:aot}oor}her operable
processes. As use ereln fhe term "Substrate” wifl refer. t0 an

suppaonting lstatedureieow fibhoaiad hyaq;dhm@mdnmtﬂmk@nghdo@nwnlmmues The
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Whgﬁﬁl T’H?i‘% |nc gate aI r?\g%%?é“;?glg%%%%gﬁg al %g ?ugg{’?ﬁtes In the exemplary

materia ctive or nonconductive
ma@eﬂ@k:lmfémml@ n@rb&t:na(cﬁavwi@ i@ BActhere ssslionduetor material such  as

Cf%%r%oeggaglﬂﬁea §ﬁf&lﬁ?”d% OS(h%PgéH%% ?s“eﬁ?é' Bs"cPQe Tﬂ? may comprise

semicon ctqr com_ponent InC es a substrate 11 avmg a first
sunfatystysaliing atieppaginyasssondisuoiacs-ikes, THboonbersapphii2, mayeramic, a

Co'g&eQ ﬁae& ﬁ% %?&F%%&SW&%H{‘%%H&W%%J ?Ub%tﬁg &l FHP 5% fitso comprise any

strate may have various process layers formed thereon
inclubléngrenenonbsioye s@taigdnductor layers or other structures. The

substrate 1.2 Ay BHHEOINAAEACHY S BOrIans, o0 ANEFOREIARIR. from the first

portions located thereon fabricated by etching, deposition or other known

tectifgeres 1 4 netheuiybatzate 112 indie finaped somapristoaririherpoyaplary embodiment,
S“Qﬁér@iﬁ {98458 Qe%%&fﬁﬁkgﬂd?ﬁ&%%‘é ARPRIGRRAUEEY dRUIEROsurface or

be tested (contactor board) or'between a memory device and system in a

packdryetolgbvid@thmitimepadioantother sy dtranes avenethexshipleimsuch as an hour

glass shape or any other known shape for the formation of vias. The portions of the
substrate 112 that circumscribe an uppermost edge 122 and a lowermost edge 124 of the
via 118 are illustrated in broken lines. For ease of illustration, the uppermost edge 122
and the lowermost edge 124 of the via 118 will be omitted from subsequent drawings.

In the illustrated embodiment, the via 118 is formed in the substrate 112 by laser
ablation and may have a representative diameter of from about 10 um to 2 mils or greater.
Typically, the via 118 will have a diameter of about 50 um when the semiconductor
component 100 is used for stacked chips, interposers, contactor boards or other known
electronic components. Since the ratio of the height to width of vias is continually
decreasing with the continued miniaturization of integrated circuits, it is contemplated that
the via 118 may be formed to have a diameter of about 30 um. It will be apparent to those
of ordinary skill in the art that any known method of forming vias that is appropriate for

the type of substrate 112 used to form the semiconductor component 100 may be used to
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embodiment, the substrate 112 comprises a semiconductor material such

as monocrystalline silicon. In other embodiments, the substrate 112 may
comprise polycrystalline silicon, germanium, silicon-on-glass,

silicon-on-sapphire, a ceramic, a 15 polymer or a glass-filled, epoxy resin

material. The substrate 112 may also comgrise any other known

substrate materjal. The semicgnductor component 1910 has a via 118 .
o o [k e e B R e R S g e )
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COMRRENLS- Since the ratio of the height to width of vias is continually 30
decreasing with the continued miniaturization of integrated circuits, it is
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el e (o s NI PRV el
usegrnhoiie tie deniicencductaedaned dhe seiso@tmal e sethsolagvddayer 126 may
the ¥ia HA8 instding withaut imitation. sdreiehsysh AR EACKYEBRide, sili
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ordinary skill in the art that the diameter ot the via 118 and the 5 thickness

of #swnbEatbel pasmayitie dny desiibticdimensioh tepebriifeporittdeto any desired
desfieguse ﬁﬁgeaasme 5&%@98&3@&%9%9{8%? PEVIEILE HRSical vapor

been formed in the substrate 112, the inner surface 120 may
deposition (PVD), CVD, low pressure chemical vapor deposition (LPCVD), rapid thermal

nitridation (RTN), a spin-on-glass (SOG) process, flow coating or any other known
process. In other embodiments, the insulative layer 126 may comprise an insulating
polymer, such as BT resin, polyimide, benzocyclobutene or polybenzoxazole deposited
using an injection or capillary process or a vacuum draw. The insulative layer 126 may
be, for example, of about 1 to 5 um in thickness. If the substrate 112 comprises an
electrically insulating material, such as ceramic, the insulative layer 126 may be omitted.
As shown in FIG. 5B, a seed layer 128 of a conductive material is deposited over
the first surface 114 and second surface 116 of the substrate 112, and the inner surface 120
of the via 118, wherein the seed layer 128 coats the insulative layer 126 (shown in
FIG. 5A). For ease of illustration, the insulative layer 126 of drawing FIG. 5A is omitted
from FIG. 5B and other subsequent drawings. In the illustrated embodiment, the seed
layer 128 comprises titanium nitride (TiN) and is deposited by CVD. Other materials that

may be used as the seed layer 128 include, without limitation, titanium (T1), silicon nitride



be cleaned to remove any substrate material affected by the heat
produced by the laser ablation process. If desired, a TMAH (tetramethyl
ammonium hydroxide) solution may 10 be used to clean the via 118 after
formation, which can result in a squared cross-section for the via. The
cleaned inner surface 120 may be passivaged by coating the inner surface

12% ;)I&Ihe substrate 112 with an in u(l?t'v layer 126 of dielectric or
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FIG. 5B and other subs rawings. In the illustrated embodiment,

theiseppli¢dyier the desonipresel>fithaiorm AMiIsyatiNairibeisaisbdSieprexents particles
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without limitation, titanium (Tt), silicon nitride (Si3N4), a polysilicon,

tanmlumsmsriﬁeif(mman‘ds@@ﬁé%risoqm\@dp@é,nmhmn.e@sb@iqhas andyproduces a
be ﬁﬁﬁ%@%&%ﬁgﬁé} t@ §889c|9¥&rtﬂ@§e19&i‘69 %@X&l(ﬂf%ﬁ‘&d@(&{ve material.

deposition (ALD), PECVD, vacuum evaporation, and sputtering. It will be
20 apparent Inaptethse|sasgoplefthembodiment, the first surface 114 and the second

surface 116 of the substrate 112 may be coated with a nitride layer to prevent the seed
layer 128 from being deposited on the first surface 114 and the second surface 116 of the
substrate 112 in order to prevent peeling which may occur depending on the type of
conductive material used to coat the surfaces of the substrate 112 and the type of
25  substrate 112 used. The via 118 may be masked to prevent the nitride layer from being
deposited in the via 118 or the nitride layer may be applied on the first surface 114 and
second surface 116 of the substrate 112 before the via 118 is formed therein. In addition
to using a nitride layer, it will be apparent to those of ordinary skill in the art that any other
material that prevents the seed layer 128 from being deposited on the first surface 114 and

30  the second surface 116 of the substrate 112 may be used.
The seed layer 128 is coated with a conductive layer 130 of metal as illustrated in
FIG. 5D using an electroless deposition process. The conductive layer 130 is deposited on

the seed layer 128 and not on the exposed first and second surfaces 114 and 116 of the



type of material and deposition process utilized to deposit the seed layer

128 will vary 5 depending on the type of material used to form the

electrical interconnect through the via 118. A portion of the seed layer

128 covering the first surface 114 and second surface 116 of the

substrate 112 is removed to expose the firgj surface 114 and second

surf 116 %the substrate 112 as illustrated in FIG. 5C. In the illustrate
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112 before the via 118 . In addition” to using a nitr
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conductive layer 130 is deposited on the seed layer 128 and not on the
20 exgapegfisbuy savain Rirfatds a9 kngreh i1 hofithe

By coating the seed layer 128 with the conductive layer 130 of a suitable metal, an

annular conductive path is created through the via 118. The electroless plating process
forms a substantially conformal coating in the via 118 that is substantially free of any
voids or keyholes. The conductive layer 130 formed from the electroless plating process
25  will typically have a uniform thickness and a low porosity, will provide corrosion
protection and will be relatively hard. The electroless plating process is accomplished by
placing the substrate 112 into a bath containing an aqueous solution of the metal to be
deposited in ionic form. The aqueous solution also includes a chemical reducing agent
such that the metal may be deposited without the use of electrical energy. The driving
30 force for the reduction of the metal ions and subsequent deposition in the electroless
plating process is driven by the chemical reducing agent. The reduction reaction is

essentially constant at all points on the seed layer 128 so long as the aqueous solution is
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-10- substrate 112 since the seed layer 128 was removed from (or never
present on) these surfaces and the electroless deposition process
requires the seed layer 128 for deposition of the conductive layer 130.
The selective removal of the seed layer 128 from the first surface 114 and
the second surface 116 of the substrate 112 .and leaving the seed layer
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The aqgueous solution also includes a ¢chemical reducing agent such that
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driVi94esired conductivity should be of a dimension such that any voids or depressions
should not affect the conductivity. The opening 134 of the via 118 is filled with a filler
material 136 as illustrated in drawing FIG. SF. By forming the conductive layer 130 to the
desired thickness and filling the remaining opening 134 of the via 118 with the filler
material 136, physical support is provided within the via for the substrate while the
conductive path provided by conductive layer 130 is maintained.

The filler material 136 may be a conductive or a nonconductive material
depending on the desired conductivity of the filled via 118 and intended use of the
semiconductor component 100. For instance, since the conductivity of the filled via 118 is
at least minimally determined by the material and thickness of the conductive layer 130, a
nonconductive material may be used to fill the opening 134 of the via 118 if conductive
layer 130 provides an adequate conductive path. Nonlimiting, representative examples of

substances that may be used for the filler material 136 include silicon-containing fillers
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30 force for the reduction of the metal ions and subsequent deposition in
the electroless plating process is driven by the chemical reducing agent.
The reduction reaction is essentially constant at all points on the seed
layer 128 so long as the aqueous solution is -11- sufficiently agitated (for
example, by ultrasound) to ensure that a.yniform concentration of metal
ions and reducing e distributed in the agueous solytion.
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within the via for the substrate while the conductive path provided by
condiuefividdayesengansehiiftaedoss-section of a semiconductor component is shown

generally at 200 in FIG. 6A. The semiconductor component 200 comprises a
substrate 212 having a first surface 214 and an opposing second surface 216. The
substrate 212 may comprise an unprocessed semiconductor wafer or other substrate
material used in fabrication processes as previously described herein with reference to the
substrate 112 of FIG. 5A.

The semiconductor component 200 includes a blind via 218 that partially
penetrates the substrate 212 and substantially extends through the substrate 212 from the
first surface 214 and wherein a bottom 213 of the blind via 218 terminates short of the
second surface 216 of the substrate 212. The blind via 218 may be formed in the
substrate 212 using a laser ablation process or in any other manner as the via 118 was
formed in the substrate 112 as described herein with reference to FIG. SA. The blind
via 218 is circumscribed by an inner surface or sidewall 220 of the substrate 212. The

portion of the substrate 212 that circumscribes an uppermost edge 222 of the blind via 218



The filler material 136 may be a conductive or a nonconductive material
depending on the desired conductivity of the filled via 118 and intended
use of the semiconductor component 100. For instance, since the
conductivity of the filled via 118 is 30 at least minimally determined by the
material and thickness of the conductive lager 130, a nonconductive
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disclosed process. In another exemplary embodiment, a blind via may
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FIG. 6A. The semiconductor component 200 comprisés a substrate 212

20 having a fliet sureaceriara XY Arilispbloding stdmenydadeandd torfggnove any debris,

residual material or substrate material adversely affected by the formation of the blind

via218. The cleaned inner surface 220 may be passivated by coating the inner

surface 220 of the substrate 212 with a layer of dielectric or insulative material appropriate

for the type of substrate 212. For ease of illustration, the passivation layer is not depicted

25 in drawing FIG. 6A, but it will be apparent to those of ordinary skill in the art that the

passivation layer of the blind via 218 may be substantially similar to the insulative

layer 126 as described with reference to FIG. SA. Further, depending on the material of
substrate 212, the passivation layer may be omitted.

Referring to FIG. 6B, the semiconductor component 200 is shown with a seed

30 layer 228 of conductive metal formed on the first surface 214 of the substrate 212 and the

inner surface 220 of the blind via 218. In the illustrated embodiment, the seed layer 228 is

TiN and is deposited by CVD. However, the seed layer 228 may comprise any other

material as described herein with reference to the seed layer 128 of FIG. 5B.
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substrate 212 may comprise an unprocessed semiconductor wafer or

other substrate material used in fabrication processes as previously

described herein with reference to the 25 substrate 112 of FIG. 5A. The
semiconductor component 200 includes a blind via 218 that partially

penetrates the substrate 212 and substaniiglly extends through the

substrate 212 from the first surface,214 and wherein a bgtto 3.0f th
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whishyifarsgaskeofibledsthation, islimiteadiframesliyseqRihtwdtandingdhémethie the first
exemplar iment of F % 6A, the blind, via may also compri
o 2 B S R S R GRS surace 214
(sutisthatialiytsimi?d2. 5 Thehendactivg GiyetG38 Manavismeslably covertde metal as

or ca ith a cover layer llustrated wit ings 224. .
g e T YR 0 DT MICRER rein the e
esseddbdiresovetedmnésaisifilieedimgbb stanhiatly ¢heysadd® mdhvasy spending on the
bli ] . : so he ite t r

e B IR AR
embodiménnbdaovenidaygyembPodimray, colnyrise aemsitdaPiyephitadivadr the seed
t t f t [ j is, f [ {

2 T S Ynoed by e
whicMBs prasass droplstedansindgizedhy bliold winid hdwil &eo 0 W tilee mesist| 229 is removed
co . " vi N : o N
B s D A GHL deposition of
embodivndmtofeRa@ra@d0contaminants and other process materials may

be preVG“A%Qﬁé%%@&éHUQ19#%95%’&% %@t@ﬁ%ﬁtﬂ’é‘g%d%%%%%e%ﬁf&?%z of the

support structure. The wafef chuck 217 may be used to support t
serppodndinsolazompdhane R 0xgudneetisadabripationgbrdee dergneutiece 214 of the

ilugHitioR 919 It this occurs, the portion 232 of the conductive layer 230 extending
beyond the plane of the first surface 214 may be removed as previously described herein
with reference to FIG. 5E and result in the semiconductor component 200 of FIG. 6E. In
another exemplary embodiment, the portion 232 of the conductive layer 230 extending
above the plane of the first surface 214 of the substrate 212 may be left in place and used,
at least partially, to form at least a portion of a bond pad (shown in FIG. 6H) subsequently
constructed on the first surface 214 of the substrate 212.

The conductive layer 230 may be lined with silver or gold using an immersion
plating process in another exemplary embodiment. If the conductive layer 130 includes
nickel or cobalt, the nickel or cobalt will be replaced with the silver or gold since silver
and gold are more noble. The inclusion of the silver or gold lining in the conductive
layer 130 will also increase conductivity and aid in wetting the solder.

As shown in FIG. 6E, the blind via 218 includes an opening 234 substantially
surrounded by the conductive layer 230 that extends from the first surface 214 of the
substrate 212 and substantially through the substrate 212 to and over the bottom 213 of the



wafer chuck 217 will be omitted from subsequent drawings. 20 The inner
surface 220 of the blind via 218 may be cleaned to remove any debris,
residual material or substrate material adversely affected by the formation
of the blind via 218. The cleaned inner surface 220 may be passivated by
coating the inner surface 220 of the substrate 212 with a layer of
diejsetiic.orinsuitve matcerisl appaprats for she 1R6.of SUBSITEIR 202 236
Forease ofillustration, tthegpasswa ion layer is‘not depic ed 25%n rawing
FIGLG#atedt winilldoessihpaheng tonthidSe 6F ordiharyikkillinthelafihantlyecomprise a
passivation layer of the CCtl)]‘!i d via 218 be.substantially similar, to th:
ot iU s A AR AR N B TR SRR or e e
depénding dh8thepmatendy desstbsdrhtecRilRjtthelfpassivatibidayer may be
omitted. Referring to FIG. 6B, th miconduc omponent 200 is shown
with & see T DDA IS T A T PR o e onducto
214 @hpoecstiBOtraen2 1t ahchthe phamarisatrfacer @20sciuttheak K Rier 208 .other known
the [llsrated mpadiment e, septhiRvel £2818 Jidand (8. denesIad Y inusiared
cvb. owever, t E'seed layer may comprise any other matenal a5
des$yribeddretain 4th irefeienoF tonthetbaethdahend 28: 6% 181G, S ostd-obhthe second
portiop of th d layer veri i rface 31 eL@the

A %]18 SFfe su%gtré%? ?ﬁﬁllﬁgt}g@J i ﬁ& 86" % ﬁ(f) %dls fg? t%rg formed over

substrate 212 is remove to expose the first surfac

10 subgpasen tada hsthditetvi HiGSas6€ knowill valepparedtahdluttetsded FIG. 6H. In

15

20

25

30

layer : : ¢ r '
e O R e e ypueh e
layew3R8tag ifutstratedrindyi®. 8D, usindesmibédctrale ssideqpesitionfiitoéess the cover
as VAQYS cri rei V. O, wi |

o e T gl SO MR i ST AIR ayer 220
presehiibed twelfifdtesumpeaap236.of the substrate 212. The conductive

I 230 ' i ' in.with - .
elerence T o e L AN gpvenion i

thims%ﬁnﬁéGﬁeM }mﬁkéﬁ-inﬁrﬁergmd@ﬁ@ t@yepo8otwilkhawn generally at 200"
de%@%@ﬂi@&hgﬁ&o‘ij%ﬁ %M%Eﬁ“i‘ﬂ&'uﬁ@sdamég?e%% Hé\;g%a first surface 214 and

semiconductor component 200. In another exemplary embodiment, a

layei @ppesm,zzmm@réw BVér thémé@ lazgie? 08 efoed @Mire. fiyesurface 214 of
pretﬁgnﬁﬁ)ﬁhﬂgef?fi'stﬂ%g Mﬁfé?%sy@ﬁ%eéoﬂ{gﬁé&eg B&’a!&‘?al(%l\(&'? revents a seed

process from contaminating the blind via 218. After CMP, the resist 229 Is
renyged28 from being deposited thereon. The barrier layer 203 may comprise an oxide- or

a nitride-containing material such as silicon dioxide or silicon nitride. A blind via 218 is
formed through the barrier layer 203 and in the substrate 212. A seed layer 228 and
conductive layer 230 are formed in the blind via 218, whereafter the remaining
opening 234 of the blind via 218 is filled with the filler material as previously discussed
herein. The fabrication of the conductive blind via 218 may be completed as previously
described.

Referring now to FIG. 8, there is shown a partial cross-section of a semiconductor
component 300 that has been fabricated using the methods of the present invention. The
semiconductor component 300 includes a substrate 312 with a conductive via 318. The
conductive via 318 includes a filler material 336 and an annular conductive liner 330 that
forms an electrical connection between bonds pads 338 located on opposing surfaces of

the semiconductor component 300.



15 using known techniques and results in a pristine surface for the
subsequent deposition of the conductive layer 230. As the conductive
layer 230 is deposited on the seed layer 228, a portion 232 of the
conductive layer 230 may extend beyond a plane of the first surface 214
of the substrate 212. If this occurs, the porgon 232 of the conductive layer

230 eXte”ﬂ'lQQS%% be ﬂ‘q Otrh% lane oftt%(;!rst surﬁge 214 may ggcg% d3 40 or other

removed as prewé(ﬁosy eScCri ]én&) %Igr%in wnlerigferen%deetSlf—sll&.
resulkeindhessmdandtctotcompoene eic20dfy-tGniBE:. the wadtieto contact pads 342
exemplary embodiment, the portion 232. }the uctive layer, 230

Y e e R YRR gructures may
maaldoeblefisad plavamedasedry af lkeasicpadtialty, donfponesit 308,36 atpartioouits such as

of a bon d (shown in FIG. 6H) subsequentl 5 constructed, on the.
5 nte d[é%a 5‘{&“6&%#8“ dG on aI?Z(]_I?.QFW s1dtey of? u%srrate"%g to circuits of another
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first surface substrate conductive Tayer230 may be
linedmitbngileen aroggidngsindisrosednmexsion pldtingeprooedsdivapaiipenent 300 in a
exemplary embodiment. If the copductive layer 130 includes . nickel or

oY SAGEL o AR AE UG PSR T o motherbourd
silvar negitigoltband narenotiier Femieidsion abthposituer srajoid lnimgeinprocessor.

the.conductive layer ill alsg increase €0 ivity and aid. i
werima e e o A SRR e AR may ato be
op@nairegn2@4osidistathiatiyceiitracasdi=d) baadiez doord ulbtivenl Y8 t@8@ thatact pads 342.
ex Irstsur bstr jall

e e A e o 0 M RBLERNs 342 on o
218uThedpenihdg oBthofthetialind Mdddischilipdwit? afilercrvatériaif@863 16 of the
as sﬂ%&?}ﬁ?et%qé"’ith cross-hatching in FIG. 6F. The filler material 236 may

comprise a” conductive or a nonconductive material depending on the

desired cdvchagtiditihofuhsttilied 1 b dheiscRigadusteriouypprtas Sideday be designed

O O SR AR o

substrate 212 is remove
an sisivduplan ddstatiohsprice s8I asbOMD orranry ctherkispwinbstrate  forming

sui #lﬁr[f‘ew lc[?ﬁgﬁfgst% Mﬁéﬂr@hﬁ%ﬁﬁu%ﬂ;}%ﬁ gl%&# 15§ E%H}l%\é?e(a._tqfaconﬁgured as
depth illustrated by broken line 240 in FIG. 6F such that the blind via 218

is axjrosedndndiee drdehwitbadhte c:imiawﬁhemm 338 qscpmggtazg@ 342 of the
In Eé%i&ﬁd&%}dc%%&%? 6 IRéST‘SQ VGl HPB%{E%'?'E}%% 95&*%@;;8&5@9 to that of

via 218 as is known in the art and as iIIustra%Jgd in FIG.
terminal pads on a test or carrier substrate. If used as an interposer or contactor board,

bond pads 338 or contact pads 342 may be arranged in a pattern on one side of
substrate 312 to correspond to terminal pads of a test or carrier substrate and on the other
side to correspond to bond pad or other I/O locations on a semiconductor device to be
contacted.

Referring now to FIG. 9, there is shown an embodiment of a system 400 including
the conductive vias of the present invention. The system 400 comprises at least one
memory device 402, such as a static random access memory (SRAM), dynamic random
access memory (DRAM), or other known memory device, wherein the at least one
memory device 402 includes at least one conductive via fabricated using the methods of
the present invention. The memory device402 is operatively coupled to a
microprocessor 404 that may be programmed to carry out particular functions as is known

in the art.



a variation of this exemplary embodiment, if blind via 218 extended
through the substrate 212 to cover layer 225, as described with reference
to FIG. 6A, the cover layer 225 may be removed to expose the blind via
218 lined with conductive layer 230 and filled with filler material 236. 15
Another exemplary embodiment of acts injthe methods of the present
invention is_depicted.in FIGS. 7A a A mlconductor compo
shown goTB eSS0 A S O TR OB Ga S electical
su bsteaimﬁ&dsha\ﬂntgfarﬁrsif shirfagb-2ib4 tandman bp fdsinged esorzd surfasematerials,
216. A barrier Ia er ZO%éforamgd on f e flrst S fage elcf'ncfltqgt e§rlé(t;stract[s that are
212° qllhenl%arrle ayer éomprlses a material that prevents a seed 20
layert2R8tindin bengidepalsiteddendarhesT heAlthmigh laher2e&@®mayvention has been
comprise an gx tride-containin materl such as 5|I|con dioxide
3 or S e T A RS, g€ acaicions
andeletioassultsmatiiZagons 3%@biﬂ§/mpmm dondeptive &awttlzBdlarm:tenstlcs of
fored jotesRlindvie 248 eieRer B .emalNIng. 0RENNG B34 9L devices or
blin |s feﬁe W|th & filler materla as prewous discussed 25
heuetnrpbh@s‘athnoaucmnoﬁth@ @mﬂmm&wé)bhmg\nbcm&tnagemrmmmgtedy device or
as previously ssecnbed Rels ”&QOV%’OPCEI'I%O(%&% %Wer‘&l?ﬁ‘étﬁ%'vemm is,
cross-section of a semiconductor component'3
10 fabiioatelivsing byehs aﬂm@déedfqhmpr@sleemdmethﬂdnreﬁhmgs@mc@ndmctéﬂ changes
co n st et | T
0 LB T3 o MG A2 D RO N s e e embraced
corvddiutivheingop80 that forms an electrical connection between bonds
pads 338 located on opposing surfaces of the semiconductor component
300. -16- The semiconductor component 300 may include circuit traces
340 or other interconnects and contact structures to electrically connect
the via 318 to contact pads 342 or other conductive structures. The circuit
traces 340 or other conductive structures may also be used to connect
circuitry of semiconductor component 300 to other circuits such as 5
integrated circuitry formed on an opposing side of substrate 312, to
circuits of another semiconductor component disposed over or under
semiconductor component 300 in a stack, to an interposer, to a contactor
board, or to a carrier substrate such as a motherboard



or module board bearing other semiconductor components such as a
microprocessor. Further, the blanket material layer from which bond pads
338 are formed may also be 10 patterned to define the circuit traces 340
leading from the via 318 to the contact pads 342. The conductive via 318
thus may be used to electrically connect cpgitact pads 342 on a first
surface 314 of the substrate 312 to co %EI)WS 342 on a second surface
316 of the substrate 312. As noted, the substrate 312 of the
seMibanduwtionabimponent 300 may be designed 15 and fabricated as an
interposer for connecting various semiconductor components, as a
semiconductor test substrate (contactor board) or as a carrier substrate
forming higher-lavelegaekégingroingicksemiconduator ehipsicuaylipgor component,
5 cor&n}-:-ncteglmlf, configured as a semiconductor device with active circuitry,

the Bohd pa%ls 338 or contact pads 342 of the semiconductor component
30@mmaitibge arsengechilna@atidrsirthaticonnespohds toitfrat ofiRD sermppabite, second
pads on alestor carrier substrate. If used as an interposer or contactor
board, bond pads 338 or contact pads 342 may be arranged in a pattern
on lonmisigle pluslihstrabelgd thtoughr ths pomd-todecmimalbpaats af apbstloty of selected
carrier supstate and an,the qther %?ﬁ‘%'aen@ 895{81%9%@8&%9“59 gﬁgw%ﬁloe{ﬁ&%xtendmg
UO locations on & semiconductor device'to be  contacted. 25 Re erring

10 now to FIGo®, therbrig showee arf éhebetdinventoftarsyshematd 00 ifuiudipgsite, second
the condusqltllyéac élg)a}s[g%f s?Q%iE’é(@E&&@ﬁ%EW&Q; The system 400 comprises at

least one memory device 402, such as a static random access memory
(SRANY)Indymaneit Iareddm thectegssmémvpnf (DR sdumycordutier kwlesivate, the opposite,
memory ice, [ t i ' )

onet one Eatifs ASLEIR e Ahieailane. MENAY deAe dRa NP s o
invesmtioying b weehlanedenddeing 2his fopesatfaetyand ihterpposite, second surface of the

15 microprocs% giél(gl%tg}%gg%tge programmed to carry out particular

functions as Is known in the art. - 17 The above-illustrated embodiments

of ¢raipesensded dytonmibeidevald ofriash Inlsrvoirreeesdnotine foiereind
(el AR DA 1A% ERRHGA RAAING eqstmALaLRIR) dequiring
simple methods, and resulting in robust electrical interconnects that are
substantially free of voids and keyholes. Although the present invention
has been,

The method of claim 1, wherein forming each hole through the
20  semiconductor substrate is effected by at least one of laser ablation, dry etching and wet

etching.

3. The method of claim 1, further comprising cleaning the sidewall defining
each hole prior to applying the seed layer.
25
4. The method of claim 1, further comprising forming an insulative layer on
the first surface, the opposite, second surface and the sidewall defining each hole prior to

applying the seed layer.

30
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5 depicted and described with respect to various exemplary embodiments,
various additions, deletions and modifications are contemplated from the
scope or essential characteristics of the present invention. Further, while
described in the context of semiconductor devices or interposers, the
invention has utility for forming electrical intgrconnects in any device or
component fabricated with. semjconductor components. The.scope of the

invention 1, 10 tH0s TSHRME DU The APRAAdR I FRRLp AL Tefhp Ofe bond pad
foregailyindes deistiopoAibo ditigesontiattcanvé withirldire oneaifiithg firstl surface and the
range of. equivalency of the claims,are tq,be.embraced, within their scope.
R AP S PP Ao P ¥t & conductive via

in a semiconductor component, 5 comprising: providing a semiconductor
substrate having.a first surface and an.oppgsite, second syrface; foyming .
 ploraly b M B B ohloh Tt e et e compriss
seldepesitilgr atodsseacmhelzabuthegpiudikiyioflhvipsddépediby grocess, a physical
sideyall and sxiending. 40, rame st ayfans of the semisondClnced chemical
substrate 1o the oﬁ)posnej second sutracelof the semicondictor su s%rate;
apphing&pedtlayerctesthadirsnstdperiofitive gemtécogductor substrate,

the opposite, second surface of the semiconductor substrate and the

sidewall of each hole; removing the seed layer overlying the first surface

and the o@posit&lmmﬁwéuﬁabmoﬂ Ihélele'irs@micdng_ mhxtcsﬁ@djb@m_aw;erlying the first
CO%HIE}QC'[Q %n%%‘%&%ﬁés?ﬁ%tggcgh%e&%}igg 8??Hehsoell%ivcv&pd§cﬁ9rn% H\é?e is heffected by

layer; and intr a filler material Into a remaining space within eac
holebrasiVhplanetheticof claim 1, wherein forming each hole through the 20
semiconductor substrate is effected by at least one of laser ablation, dry

etching and wet etching. 3. The method of claim 1, further comprising

cleaning the siddbelingdfinind ckamhlholeeprioctotagpliyirrg et dageedikhybe, conductive

layer comprises electrolessly plating the seed layer with a metal material.

9. The method of claim 1, wherein introducing the filler material into the
remaining space of each hole comprises one of spin coating spin-on-glass into the
remaining space, depositing polysilicon into the remaining space using a diffusion process

or depositing solder paste or a molten solder into the remaining space.

10.  The method of claim 1, wherein introducing the filler material comprises

introducing either a conductive or a nonconductive filler material.

11.  The method of claim 1, further comprising:
applying a layer of resist overlying the seed layer; and

after removal of the seed layer, removing the layer of resist.

12. A semiconductor component, comprising:
a substrate having a first surface and an opposite, second surface; and
at least one via, comprising:
an annular conductive layer extending from the first surface of the substrate to the

opposite, second surface of the substrate; and
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25 4. The method of claim 1, further comprising forming an insulative layer

on the first surface, the opposite, second surface and the sidewall

defining each hole prior to applying the seed layer. 30 - 19 5. The method

of claim 1, further comprising forming at least one bond pad overlying at

least a portion of the conductive via on at ygast one of the first surface and

e AR SR Sytfacaatier moduon e e maleiahB 0 Mthe annular
method Of Tfaim L, Wherein aBﬁIyln e see Jyer comprises epos@l[ng
conductiveomukgnal laging a chemical vapor deposition process, a physical

vapor deposition process, an atomic layer deposition process, a plasma

enhanced chemical vapor deposition process, vacuum evaporation or
sputteringl310 7. Theeseméthoduoforledmponamterbatareniyifngibhecoegutikyent least one
oveilyind fhe il surface gnd tBﬁiO%%‘%%%S’a%%gg’srt‘doﬁé‘%c%n"&‘ East one of the first
semiconductor stibstrate 15 effected y abrasive planarization. 8. The
methdecofaothihe dppelsdeciaccodtingibe dabel dalytrawith the conductive 15

layer comprises electrolessly plating the seed layer with a metal material.

9. The method of claim 1, wherein introducing the filler material into the
remainingl4pacelbt sairbiode tonepnipesan efafl spinl 2oatiagisgie-emaglassonductive
intgatl%?ir%irgéﬁning space, depositing pc_)lysilicon into the remaining space

usm&' a diffusion process 20 or depositing solder paste or a molten solder

into the remaining space. 10. The method of claim 1, wherein introducing

the filler materi I intr i ] V. .
nonconduite s s sea B o R ENL P SR BT e gnnular conducive
corlapeisimmpapplyingleclzglessaflresisnoivé ihjiaatitb asesed layers; wheteaftde seed layer

remayal, Etﬂaﬁg&dtﬂ%%%c&%i‘é'é’s"'Tﬁe‘zﬁ‘%é%}’lg%f "fiRiShe Wsdiate.

semiconductor component, comprising: strate having a first
surface and an opposite, second surface; and at least one via,

comprisings The semiconductor component of claim 15, wherein the seed layer
comprises a conductive material selected from the group of conductive materials

consisting of titanium nitride, titanium, tantalum nitride, copper, and silicon nitride.

17. The semiconductor component of claim 15, wherein the electroless plated
metal layer is selected from the group of metals consisting of nickel, cobalt, copper, silver,
titanium, iridium, gold, tungsten, tantalum, platinum, palladium, molybdenum,
nickel-phosphorus, palladium-phosphorus, cobalt-phosphorus, a Co-W-P alloy, alloys of

the foregoing metals and mixtures of any of the foregoing.

18.  The semiconductor component of claim 12, further comprising an

insulative layer located between the annular conductive layer and the substrate.

19. A system comprising:

a microprocessor; and

at least one memory device in communication with the microprocessor comprising:
a substrate having a first surface and an opposite, second surface; and

at least one via, comprising:



an annular conductive layer extending from the first surface of the
substrate to the opposite, second surface of the substrate; and -20- a
filler material including spin-on glass or polysilicon circumscribed by the
annular conductive layer. 13. The semiconductor component of claim 12,
further comprising at least one 5 bond pagjaverlying at least a portion of
the at least one ia o Ll ast ope LG 1St SHITAPS ANGANC OBROSIR t surfuce of
second surface of the substrate. 14. The semiconductor contponent 0
claim 12, wherein the atimutabgoneuctheeopaysresseetal sdifiatsd ol the substrate; and
semiconductor comi)onentt of claim 12, wherein th? annulaﬁc nductive .
icag & HIIGE malera C(irr%%rdsfn% sEHlP—on rgaasa or polysilicon circumscribed by
layer comprises an electroless plated metal layerand a seed layer,
wherein the seed layer tisclooatdar Hepaeeh the eledtralessnpiated, ntistafiller material

5 layer and the substrate. J er:{'c(ialhTq(reorsnemlecgf}quﬁ[gﬁ&og}ptggesﬂ%g%ac#ea@ Ejf‘?e opposite,
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wherein the seed layer comprises a conductive material selected from

group of conductive materaitd stofasistihthofuhsimtem nitride, titanium,

tantalum nitride, copper, and silicon nitride. 17. The semiconductor

component of claim 15, wherein the electroless plated 20 metal layer is

selected f20m thélgroyyecoi wietidscdBsistingiof thickellcestbait; omppar, device further

S"V%fglcﬁ%%‘ s'%’?‘re!af%f %‘é‘ %%%Lf}g%‘é”@%ﬁ%{%a%}%@ PRI ARLAHRY one via on at
molybdenum, nickel-phosphorus, palladium-phosphorus,
colbedstpmesphibeds s @6 aRdafheyormlboits, oéctind forégeinttmetdistard

mixtures of any of the foregoing. 25 18. The semiconductor component of

claim 12, further comprising an insulative layer located between the

annular c@hductilee|aystcan dfttrdagubsthatehareinAtby stemylgoiayeisingy:the conductive
miﬁ‘ Per&ﬁ%%?&aﬁnd 30 at least one memory device in communication

with the microprocessor comprising: a substrate having a first surface and

an opposite, second surface; and at least one via, comprising: -21-

22.  The system of claim 19, wherein the silicon-containing filler material is

spin-on-glass or polysilicon.

23.  The system of claim 19, wherein the annular layer of the conductive

material comprises an electroless plated metal layer and a seed layer.

24.  The system of claim 23, wherein the seed layer comprises a conductive
material selected from the group of conductive materials consisting of titanium nitride,

titanium, tantalum nitride, copper, and silicon nitride.

25.  The system of claim 23, wherein the electroless plated metal layer is
selected from the group of metals consisting of nickel, cobalt, copper, silver, titanium,
iridium, gold, tungsten, tantalum, molybdenum, platinum, palladium, nickel-phosphorus,
palladium-phosphorus, cobalt-phosphorus, a Co-W-P alloy, alloys of the foregoing metals

and mixtures of any of the foregoing.

26.  The system of claim 19, further comprising a passivation layer located

between the annular layer and the substrate.
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an annular layer of a conductive material extending from the first surface
of the substrate to the opposite, second surface of the substrate; and a
filler material comprising spin-on glass or polysilicon circumscribed by the
annular layer of the conductive material, the filler material 5 extending
from the first surface of the substrate to thgpapposite, second surface of
the substrafe. 20, Th&hscyds E%;n fg}cnq{gima]b% \ﬁllyc?{\%nvtgemay%g Stlcoorr]l%u I_component
memory device arther comprises &t [8ast Ghe Bon pad overlying afti%as? P ’
a partipniofighe at least one via on at 10 least one of the first surface and

the opRasiie, secand suiface ofthe substiate, 24 The SYstem ol gaimA. second
whBrein the annlﬂ%llr(fayer of the conductive® material'is metal 15 22 PPRe

system ofselfne;19, wherein the silicon-containing filler material is

spip-on-glass pr polysilicon. 23. The system, qf claim 19, wherein the
S

metal layen@ntcdeselethd¢apleraRy 24 hvle dysted lof elaide R3] winkpaierttieg from the

seed layep com é%ﬁ%?tﬁ%.%di#&}%’f x&“&‘%ﬁ%@ﬁ eClec P a%e%ﬁ‘ﬂ?eos%nnconductor
conductive materials consisting of titanium nitridé, titanium, tantalum

nitride, copyetragnd silicon nitride. 25 25. The system of claim 23, wherein
eSO PIReA AT % SRIRSIES 1o the group of metals

consisting of nickel, cobalt, copper, silver, titanium, iridium, gold,
tuniystemgtantaldunti vaclybthenmthgsatih laysrpaliativsyrisikal stads phisrusd
palladium-phos lt-ph Co-\W-P al I f the
for e BB o
of claim 19, further comprising a passivation layer located between the

annular Iai@r an@h]ig %%H%%r @Iai%?z,zxﬂélgi]g EHQ‘JJB%I% %if?gdﬁced into each hole by

conductive via in a semiconductor component, comprising:
flowing in a molten state.

29.  The method of claim 27, wherein the solder is introduced into each hole by

screen printing.

30. The method of claim 27, wherein forming each hole through the substrate

is effected by at least one of laser ablation, dry etching and wet etching.

31.  The method of claim 27, further comprising cleaning the sidewall defining

each hole prior to introducing the conductive filler material.

32.  The method of claim 27, further comprising forming an insulative layer on
the first surface, the opposite, second surface and the sidewall defining each hole prior to

introducing the conductive filler material.
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providing a semiconductor substrate having a first surface and an

opposite, second surface; 5 forming a plurality of holes through selected

locations of the semiconductor substrate, each hole of the plurality of

holes defined by a sidewall and extending from the first surface of the

substrate to the opposite, second surface pf the semiconductor substrate;

forming a.seed Igyer.on 8 sufage, o pach hole:, 10,1rming. 8, SoNAHCL e, ond pad
coating on‘the seed ]irellyer oveF the surface of eadh ho and thiroduci ng

a covthictiyatfidestrmatetiah obthprismipctiseolderomto baslfbhe)kef th8 fTsheurface and the

methogSl E csgclron g her%rth rL?(ﬁllccllenr [ mtg%%uc d |§i;)eeac el‘12(l)1le by
flowpr?g in‘amolten s ate 28" e m% 0d of crain wherein the

solder is introduced into each hole by screen printing. 30. The method of
clalm 27, %{vherel formln% coh (pole thro h the.substrate 20 is effected

by at least Gne of laser abla Ty gPen hg and et etching. 31. The

meah@mmbnlhlcmﬁmﬁstrﬂu@hmngmﬁmgsumen agdthe apdesiallsdedimingrface; and
Ehosl rior to mtroducmg the conductive filler material. 25 32. The

met od Falm f?%rﬁ‘né% comprising forming an insulative layer on the

first surfaaeﬁeﬂéatyppmsn@us"accmﬂthaﬁabesannbth@f&dewalI defining each

hole prior tg_i ]p&r%g}uu E09l 4h Cﬁ)H%U%teIM fll‘?rorpéart R §63 dgﬁegst one hole:

method of claim comprlsmg rming at east one
overlying at leastral portion of the conductive via on at least one of the first

surface an%§9§ . QRRASIS: 1%%9%{3 Siaes el redyeing, ?r&%r{gg?ﬂ*gt surface of

filler material. 5 34. A semiconductor component, comprising:
semiconductor shbstieteataisinbe apipssist ﬁaﬁméﬁmﬁne@fpbsﬁeb%mnd
surface; and at least one via, comprising: a seed layer on a surface of the

at least one hole; a conductive coating on the seed layer, over the surface
of the at I8ast orlh¢ieteiconductor component of claim 34, further comprising at least one

bond pad overlying at least a portion of the at least one via on at least one of the first

surface and the opposite, second surface of the substrate.

36. The semiconductor component of claim 34, further comprising an

insulative layer located between the conductive filler material and the substrate.

37. A system comprising:
a microprocessor; and
at least one memory device in communication with the microprocessor comprising:
a substrate having a first surface and an opposite, second surface; and
at least one via, comprising:
a seed layer on a surface of the at least one hole;
a conductive coating on the seed layer, over the surface of the at least one
hole; and
a conductive filler material comprising a solder extending from the first
surface of the substrate to the opposite, second surface of the

substrate.



10 and a conductive filler material comprising a solder extending from the

first surface of the substrate to the opposite, second surface of the

substrate. 35. The semiconductor component of claim 34, further

comprising at least one 15 bond pad overlying at least a portion of the at

least one via on at least one of the first sytface and the opposite, second

surface ofyine supstrats, 36, T semieonductor component of laim Msvice further
further comprising an |nsula¥|ve 1ayer1oca?eéfnbe ween the conductive

filleromptedsha helthensUastdated 2031Fi#e sydtasn cpmprisinftha at least one via on at

miGopracesear ANd atleast ong memor:. devigsin commupication with

the microprocessor comprising:  a sbbstrate aving atirst surtace and an

opposite, second surface; and 25 at least one via, comprising: a seed

s layer on ajguriac, of 6. ot [5ast aneole AGONIURINE COMNALAIS layer tocated
seed layer, over rface of the af Iéasq[ one ho B and a conductive

filldremmatarihtcomprisivig Bl sohdeersitentiihg substrdtee first 30 surface of

the substrate to the opposite, second surface of the substrate. -24- 38.

The system of claim 37, wherein the at least one memory device further

comprises at least one bond pad overlying at least a portion of the at least

one via on at least one of the first surface and the opposite, second

surface of the substrate. 5 39. The system of claim 37, further comprising

a passivation layer located between the conductive filler material and the

substrate.



