WD 2005/ 083778 PCT/ US2005/ 006116 METHODS OF FABRI CATI NG | NTERCONNECTS FOR
SEM CONDUCTOR COVPONENTS TECHNI CAL FI ELD [0001] The invention pertains to
nmet hods of fabricating interconnects for sem conductor conponents.
BACKGROUND OF THE | NVENTI ON [ 0002] Sem conductor conponents, such as dice,

waf ers and clbRoswalBs packages, are fabricated to |ncIudan%hggm@hI@ontacts
to allow electrical connections to be made fromthe outside of the

conmponents to 'mn@ﬂg@fw%mgmmwm@mw PORUEMBONCRUCTOR
sem conduct or di or exanple, typicesMpONERESUdes patterns of bond pads

formed on a face of the die. At the wafer level, the bond pads are used for
probe testing the integrated circuits on the die. At the die |level, the
bond pads argcrgiedLfroeL esting, and al so for nmaking electrical connections,
such as wire bonds, for packaging. Typically, the bond pads conprise planar
al um num pageootpr Bhd iavdnibh petainstolnaaiiods whfadricding Mtéesnnsets téddemidondsctor

[ 0003] The interconnects descri bed above are but one type of interconnect

t hat can becompbhéritgzed wi th sem conduct or conponents. Nunerous ot her types of
i nterconnects are known. For instance, sem conductor packages, such as chip
scal e packages, can utilize solder balls arranged in a dense array, such as
a ball grid array (BGA), or fine ball grid array (FBGA). [0004] Figs. 1-5
i |l ustrat e BACKERAPNErQF SERINYRNTEMNr conponent 10 having interconnects
associated therewith 1is atop view of a fragnment of the conponent

10, and shiW§2h &W'a@nfuyt%mremm@t surk ap diggcwafers angdghipissale pgokages, app, 24,

26, 28, 30, 32, 34 and WD 2005/083778 PCP/ US2005/ 006116
'fabricated to include external contacts to allow electrical connections to be made from the

outside of the components to integrated circuits contained on the components. A
semiconductor die, for example, typically includes patterns of bond pads formed on a face
of the die. At the wafer level, the bond pads are used for probe testing the integrated
circuits on the die. At the die level, the bond pads are used for testing, and also for making
electrical connections, such as wire bonds, for packaging. Typically, the bond pads
comprise planar aluminum pads, or alternatively solder bumps on solder wettable pads,

[0003] The interconnects described above are but one type of interconnect that can be
utilized with semiconductor components. Numerous other types of interconnects are
known. For instance, semiconductor packages, such as chip scale packages, can utilize
solder balls arranged in a dense array, such as a ball grid array (BGA), or fine ball grid
array (FBGA).

[0004]  Figs. 1-5 illustrate an exemplary semiconductor component 10 having
interconnects associated therewith. Fig. 1 is a top view of a fragment of the component 10,

and shows a plurality of conductive traces 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34 and



36. The conductive traces extend frominner |ead bond pads 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60 and 62 to outer |ead bonds 64, 66, 68, 70,
72, 74, 76, 78, 80, 82, 84, 86 and 88. The shown relative sizes of the

outer | ead bonds and inner |ead bonds are for diagrammatic purposes only.
Accordingly, although the inner |ead bonds are shown unifor@d.besige and
| ar ger thaanhEWHWP ® | ead bonds which are al so uniforn1%§ éﬁ%glmﬁt isto

b d h h i . | i | b d/
outor | ead ShdaconeRy e REEN PR FRr e Bl i Mee S0 30 ED o™
bonds whi ch; ace Sl | el ed J&%@terﬁ({}{% g‘éﬁ{iseésle, gg%\% DONAS 74 [R00leoFb 0% a5 40P 3

show a top vi'ew ahd a Cross-sec ew of dan éxpanded ~ tegi on of

the Fig. 144 %@%ﬂ%wn %E?igegifg%\@t %ﬁ%yeryggc} bdrld€ ahd BRE l%g? iaawo%be{{l ?6‘?r 100 of

conductive materia r conprises a sol der 102 over a

ni ckel - Corﬂiz?d-r{%f'?lgtics@]r;?%reé%m ABL £ HiRB ,%rlthéﬂgh]tl%lmn%mgﬁf bdrR@ArdHetnd4

conprises a so der. rconnect 106 having a conductive mat er | al cap 108
thereover. (RBAHRLI/NERI&EtRIN haButelB8d 6GHYs WA drS Biso LiAkor@XAERE 81 is B Ckel
and/or a solder ball. [0006] Trace 100 can be referred to as a

redi st ri butjeQihabRRH thdt el doabtrictionl &nlaldd\Ha@s inABr lefd BHdsiaddlor sitgN@ad f rom t he
central location of the inner |lead bond 44 to the laterally outward

| ocati on ofboaus @hich @@chdd onitbrmh singl avitl can Nesesaner [LAAG6hdsThisic!s el sedieaaor
conponent of fragnment 10 conprises a sem conductor die 110 which can
correspond theputbdeackbamnpl e, a nonocrystalline silicon wafer. The die 110
has various |evels of integrated circuitry (not shown) associated therew th.
An el ectri cEO0§] iFiguRand\Beshpasistion siewand kayass-sedipnekdidendew af wuenpadded 110 and
insulates the die fromthe solder material 106. Passivation |layer 112 can
conprise, doegien stthebigehiraginent. Shich vewseipw that theiracs 1§ iggnavgr 4% de, and wi |l |
typically have a thickness of from about 2000A to about 8000A. 2
conductive material. Outer lead bond 70 comprises a solder ball 102 over a nickel-
containing solder-wettable material 104. Inner lead bond 44 comprises a solder
interconnect 106 having a conductive material cap 108 thereover. Conductive material cap
108 can comprise, for example, nickel and/or a solder ball.
[0006] Trace 100 can be referred to as a redistribution layer, in that it distributes an
electrical signal from the central location of the inner lead bond 44 to the laterally outward
location of outer lead bond 70 and vice versa.
[0007] The semiconductor component of fragment 10 comprises a semiconductor die
110 which can correspond to, for example, a monocrystalline silicon wafer. The die 110.
has various levels of integrated circuitry (not shown) associated therewith. An electricaily
insulative passivation layer 112 extends around die 110 and insulates the die from the

solder material 106. Passivation layer 112 can comprise, consist essentially of, or consist

of silicon dioxide, and will typically have a thickness of from about 2000A to about 8000A.
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NO 2005/ 083778 PCT/ US2005/ 006116 An insulative material 114 is provided
over passivation layer 112, and is utilized to support circuit trace 100,
and can also be utilized during patterning of circuit trace 100. Layer 114
can conprise, for exanple, polyimde. [0008] Sem conductor die 110 can be
consi dered aygeskpgnguct or substrate, or alternatively teagdb@sdddic N
conbi nation with various other materials of conmponent 10 can be considered

a sem condyct iQE,IsNBHdiéef 114718 pRdvibiebibverHa8EinatBh ybPT 20knd RenifdeaidBudpBAt
follow, the terns "sem conductive substrate” and "sem conductor substrate"

are defi nedik@t MERRAMN0024N4 AR QIR duaRPHatRiity SFtGOREyabdVEaysRl 41 al |
i ncluding, but not limted to, bulk sem conductive materials such as a

sem conductdaveompfi®y, fdrekihgle, phani@eor in assenblies conprising other
materials thereon), and sem conductive material |ayers (either alone or in
assenbl i es (Dop) i sEergicaidueror dietieDicah b9 conbhierddar semicmkgdtoradubstratefcer s t o any
supporting structure, including, but not limted to, the sem conductive
substr at es dtesetivehettie dleoMe.in coroitdtion Witk vdiias birer haterialsef opposienyiGeates 111
and 113, which are typically referred to as a front side and a back si de,
respect i velbg.co@edgredasemicontmtor sphsitatan gf caid erints prétativesf thelkhimathal folowhat are
proximate the front side 111 and the back side 113, respectively, of die
110. Surf adeate1ns semirondetive autsrated pit fsedicoadustr sutistretel atsi deinedtofreas and
back-side surface, respectively, of conponent 10. [0010] Sol der materi al
106 ext end§”éﬁ?”§*’é‘F‘§P”tq5?m§’u§'ﬁg é@'ﬁﬁ%‘ﬁ%’ﬁ?vemﬁ‘e%ﬁ‘ld"%‘&‘& HPter% fmiteshipehitls from t he
front-side surface 115 of the conponent to the back side surface 117 of the
conponent . SSEIGIBAUGHER BRISHRIS SYEN %%?\SW‘P?WP@’PW%%’ (Gither ?'QQ%OT'BPSW@P%M rical
connection to .an ext vice Xi mat e g} 7, and can

d
ve ut 111 zed°FBpi St %t%r'?'ﬁ*eﬁ?[né@e@ﬁﬁ@@?n%tlvmw%%ﬂv(%@ SieLABIR Tl Ndevi ce

associ at ed a\{s\"sé[mrbh%s compnsmg ot éjrtn%teria?g. The terr% “substrate” refers to any supporting

structure, including, but not limited to, the semiconductive substrates described above.

[0009] The die 110 has two opposing sides 111 and 113, which are typically referred to
as a front side and a back sids, respectively. Component 10 has opposing outer surfaces
115 and 117 that are proximate the front side 111 and the back side 113, respectively, of
die 110. Surfaces 115 and 117 can be referred to as a front-side surface and back-side
surface, respectively, of component 10. |

[0010]  Solder material 106 extends entirely through component 10, and accordingly
extends from the front-side surface 115 of the component to the back-side surface 117 of
the component. Solder material 106 can ultimately be utilized for an electrical connection to
an external device proximate back-side surface 117, and can be utilized for electrically

interconnecting such device to another device associated with pad 102 of outer lead 70.



WO 2005/ 083778 PCT/ US2005/ 006116 [0011] A nethod of formng the structure
of Figs. 2 and 3 is described with reference to Figs. 4 and 5.
Specifically, the construction 10 is shown prior to formation of |eads 44
and 70 (Figs. 2 and 3). A hole 130 is etched through conmponent 10 to extend

from front - sygdegsassrisgace 115 to back-side surface 117. Thethshesoetide
formed by, for exarrpl e, laser- etching. The hole conprises a depth 132

extendi ng f ey 1 e oﬂcﬁm%éa tuﬂreléfﬁgso thzﬁd 33?8%%@!;%.%% o7, and

conprises a-wd IITEI’ISI on ort gonal Sie cah be

subst anti a'#% gg,'. %fgﬁxw(g%w %eewﬂtma@maw%wﬁ O@Bgﬁ%m@&%&%wﬂang' y

wi dt h di nens ‘espond to a |arrete circle

Al ternati veloyrigk nealip)e Ak 1mg%tcaemlra(@a @@hp&k@\pq&o (Seldhdarom fr@ft-seganpl e, a
square shape) when vi evved from above. Regardless of the shape of the hole

130, the nmexigam 4 @bBcidéigasiaen 11, The ham 6 BefoRfed b it ekdifple Qiseprqual t o
about 100 m crons, and frequently will be less than or equal to about 35

m crons. [ QGchHg. /‘-‘rh@rh@bd fpriSesLNGEpNt 87 ederidihgUrint MioMoyit-§idé burfage hod ® tA80 Wit h
solder. Specifically, the small dinmension of hole 130 nakes it difficult to
f1 ow sol deracktide slitadeal1@, andasohpuises kT disehsiare! Jaeaihogarcietol the pepN.i Tee

sol der-wetting agents along the peripheral sidewalls of the hole 130 in
order to drtaw dahdesobstentialinticutan @hboliewedHoow ebove (b eh@ygyvarsi aznordinglyhe

sol der- wetting agents will frequently conprise relatively high-tenperature
pr ocessi ng Widipaandrispal 13¢ can pereesess o diameirice 4 ifcle3 FME)nativety, dte !mbmcan
adversely inpact circuitry associated with die 110. Accordin i
desired t o haeealpolygenahshapelisdh asoor examplag sauare sbarm &bes V'W’V?ﬁ?fﬁm above

sem conduct or conponents. 4 WD 2005/ 083778 PCT/ US2005/ 006116 SUMVARY OF THE
| NVENTI ON PRegardless of the shape of the hole 130, the maximum width dimension will typically be

less than or equal to about 100 microns, and frequently will be less than or equal to about
35 microns.

[0012] A problem is encountered in uniformly filling hole 130 with solder. Specifically,
the small dimension of hole 130 makes it difficult to flow solder into the hole. Various
efforts have been made to provide solder-wetting agents along the peripheral sidewalls of
the hole 130 in order to draw the solder into the hole. However, the provision of the solder-
wetling agents will frequently comprise relatively high-temperature processing (specifically,
processing in excess of 300°C), which can adversely impact circuitry associated with die
110. Accordingly, it is desired to develop new methods for forming interconnects within

semiconductor components.



[0013] In one aspect, the invention enconpasses a nethod of fabricating an
i nterconnect for a sem conductor conponent. A sem conductor substrate is
provi ded, and an opening is formed which extends entirely through the
substrate. Afirst material is deposited along sidewalls of the opening at

a tenperat ungg 9fosheses than or equal to about 200C. A sepeonrdisimbedsiml 1S
then plated within the opening and over the first material. [0014] In one

aspect, thécsou,\g,v,gﬁpl@ﬁ-rggq,qgmﬁéipsa nmet hod of fabricating an interconnect

for a sem uct or conponent em conduct or substrate is provided and an

opening is t@IBEd hone%bEdE tedinlérRbY ehdbnpagiestd\Rchbl st hBl@tindaiet 2l nitride
i's deposited along sidewalls of the opening. The deposition is conducted in

a reaction jgloRahedct Wt blsbAiddBductoricbimBbnddt. €€ BérBiobndueldt aisdtaE i§ peviaed ahdof the
metal nitride, and a second precursor containing the nitrogen of the netal

nitride. The dpepiagidbemeddomes é_@isahtilegasiugige eyisstatd. NA fvei ehtetidles first and
second precursors are in the reaction chanber at different and substantially
non- over | apjeptgitet iafag isie@nNsadf she @leatng\ae a tanpeneu@d tdae thanAr eqea rdatoat eri al s
subsequently plated within the opening and over the nmetal nitride. BRIEF
DESCRI PTI O200F. ThigedoRAVNE A [sODdrbglatPd @ftiein thedopening dndevdrshofirst aterialvent i on
are described belowwth reference to the foll ow ng acconpanyi ng draw ngs.

[ 0016] Fig. [0D14k dndhegsrachditd ioventipn ene@mpabses aonéetbed afrfabriatin@canduct or
conponent construction. [0017] Fig. 2 is an enlarged view of the region 2
of the Fi g.intercppriegt foaaﬁer@@n@ductﬂftcprahonen[ obsBicEdyctogsybstrateys ripvidedang t he
line 3-3 of the Fig prior art construction 5 W 2005/083778

PCT/ US2005/2006¢1/89 IS[feme@]to F?“Q”d &mifg'yé[“%%\/iﬁ%wb&"ﬁﬁ Srmetptnitide isidepestedn at a

rocessing stage prior to
P g alonggsldearalls of the opemng QThe deposition is conducted in a reaction chamber utilizing

a first precursor containing the metal of the metal nitride, and a second precursor containing
the nitrogen of the metal nitride. The deposition comprises at least one cycle in which the
first and second precursors are in the reaction chamber at different and substantially
non-overlapping time intervals relative to one another. A second material is subsequently

plated within the opening and over the metal nitride.

BRIEF DESCRIPTION OF THE DRAWINGS

f0015]  Preferred embodiments of the invention are described below with reference to
the following accompanying drawings.

[0016]  Fig. 1 is a diagrammatic top view of a prior art semiconductor component
construction.

[0017] Fig. 2 is an enlarged view of the region 2 of the Fig. 1 prior art construction.

[0018] Fig. 3 is a view along the line 3-3 of the Fig. 2 prior art construction.
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Fig. 2. [0020] Fig. 5 is a cross-sectional view along the line 5-5 of the
Fig. 4 prior art construction. [0021] Fig. 6 is a diagrammtic,
cross-sectional view of a sem conductor conmponent at a prelimnary
processi ng stage of an exenplary method of the present invention. [0022]
Fig. 7 is awdhewseds7ishe Fig. 6 fragnent shown at a processirng2®ba@eio
subsequent to that of Fig. 6. [0023] Fig. 8 is a viewof the Fig. 6

fragment shqugiopt RigPs RGOFSH Hith SioRaR cEMRSETHARNE prd@sif@btagé pfdrGo thét of[ 0024]
Fig. 9is aviewof the Fig. 6 fragnent shown at a processing stage

subsequent fige.that of Fig. 8 (0025) Fig. 10 is a view of the Fig. 6
fragment shown at a processing stage subsequent to that of Fig. 9. [0026]
Fig. 11 i s gooRogw Bify. 3 be drogg-sebtidnabigene along thevine &t5 ¢ tipg Biges piimartst age
subsequent to that of Fig. 10. [0027] Fig. 12 is a view of the Fig. 6
fragnent shaomstratiom processi ng stage subsequent to that of Fig. 11. (0028]
Fig. 13 is a viewof the Fig. 6 fragnent shown at a processing stage
subsequent = [#021} hatigdf iski dagrdmali@ 0e}-sedtignal view of aseriicndadtondoappient a6
fragnent shown at a processing stage subsequent to that of Fig. 7 in
accor dance awrelimisaydarensasingpads ofe exaeprigresetied piibe atssem.inVeoiB0] Fig. 15 is
a view of the Fig. 14 fragnent subsequent to that of Fig. 14- 6 WO

2005/ 0837781822} usbigobis@omEm e the Fig. 6 fragment shown at a processing stage subsequent

to that of Fig. 6.

[0023]) Fig. 8 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 7.
| [0024] Fig. 9 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 8.

[0025] Fig. 10 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 9.

[0026] Fig. 11 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 10.

[0027] Fig. 12 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 11.

[0028] Fig. 13 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 12.

[0029] Fig. 14 is a view of the Fig. 6 fragment shown at a processing stage subsequent
to that of Fig. 7 in accordance with a second aspect of the present invention.

[0030] Fig. 15is a view of the Fig. 14 fragment subsequent to that of Fig. 14.
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[0031] Fig. 16 is a view of the Fig. 14 fragnent shown at a processing stage
subsequent to that of Fig. 15. [0032] Fig. 17 is a diagrammti c,
cross-sectional view of an exenplary deposition apparatus which can be
utilized in various aspects of the present invention. DETAI LED DESCRI PTI ON
OF THE PREF@B@EE/ | MENTS [0033] I n particul ar aspectggriidr@osioosmeat i on
enconpasses nmethods for form ng solder wthin openings extendi ng through
seni conduct[eo3GonpRIesissa vibRW the e n atrgment @RS attd Bocésingistdgezed to form a
filmw thin an opening- The filmcan conprise a netal nitride, such as, for
exanpl e, tsiBLHLEN W that dFig. Assurface of the filmis plated with a

sol der-wetting material (such as, for exanple, nickel). The plating can
conpri se adoo3ajt i ¢iy. of id heiagrarnivatie, crofssactionalsiiew ofranesxamplagy, ddppsitdomppi ng t he
filmin a solution conprising hafniumand/or palladiun), followed by

el ect r ol essprattis whicotan beutiiced naaddussaspéds ef the presemténveoliater - wet t i ng
material. Alternatively, the plating can conprise utilization of
activationless plating chemstry to forma plating on the surface. The
activationl ess %I ating chem stry can utilize reduced stabilizer content and
can utili zBETALED RESFRIPRION QF%H%PBEFE@R%IH EMBERIVERES potential for the

pl ati ng chem cal reaction. As another exanple, a |low tenperature TIN film
can be usdB03N aln RARtiGUATBERSA e IBLRSEOHENCoIRES S SthRFe fOrfmingRYdeer | ow

tenperature chem cal vapor deposited | ayer (such as, for exanple,
tungst en) . WiHe OB@'%W-XW@BW ﬁ'ﬁo‘ﬁ%{_t W'%”dﬁé‘ﬁ CofRapeTie LAaEBeGHr “the |ow
L o e Lo P S e AR A e ea! PPl T oo g
e T LA TR bl Bbin VBRSO ol SOoPRESHR
pref er abl ymﬁ%ﬂgﬂgﬁo%dasgor 'élxample, nickel). The plating can comprise activation of the surface,
(such as, for example, by dipping the film in a solution comprising hafnium and/or .
palladium), followed by electroless plating of the activated surface with the solder-wetting
material. Alternatively, the plating can comprise utilization of activationiess plating
chemistry to form a plating on the surface. The activationless plating chemistfy can utilize
reduced stabilizer content and can utilize the TiN of the film to carry an electrical potential
for the plating chemical reaction. As another example, a low temperature TiN film can be
used as a low temperature base or adhesion layer for another low temperature chemical
vapor deposited layer (such as, for example, tungsten). The solder-wetting material can
then be plated onto the low temperature chemical vapor deposited layer.

[0034]  After formation of the solder-wetting material over the film, solder can be drawn

into the opening along the solder-wetting material to fill the opening.



tenperature of |ess than or equal to about 200C so that a tenperature of the
sem conduct or conponent does not exceed 200C during the deposition. Suitable
deposition technol ogi es can conprise atom c | ayer deposition (ALD) and/or

chem cal vapor deposition (CVD). To assist the reader in understanding the

i nventi on, W.(EZO sehhgl ogy and CVD technol ogy will be inpttabkloysebeseri bed in
sonme detail. Referring first to ALD technol ogy, such typically involves

formation ofpo35L Ceff I¥R-térhSeThrd FapBsifiorld tie fﬁMbsanre_%tr@my Sellctedyes s may
conprise, for exanple, an epitaxial, polycrystalline,” and/ or anorphous

mat eri al . Abfperaiye &li643 thah 6redgaainedbdud 200> Cadoahata tempelate@bltaxy, atomc | ayer
processing, etc. [0036] Described in summary, ALD includes exposing an

initial coneementudia campbh&tt doedresriexadled 2PEC dBint theadaposipdn. sSuitablen sor pti on
of the species onto the conponent. Theoretically, the chem sorption fornms a
nonol ayer tdepbsitich tectinblogivks yao nem@rise mtaomic lapéredepbgtiort (NLOK amdiort dieméeat vaper
exposed initial conponent. In other words, a saturated nonol ayer.

Practi cal | ydepagtidnuEVBer To essist itHeodadse irovgdestedingdinginvemion) Al tenlolagy@nd on
all portions of the conponent. Neverthel ess, such an inperfect nonol ayer is
still a nord/ateehndlogytwilbe witiadkdescidfedtihbemeldetaiemeferring firshioyAldpiechredadyons,
merely a substantially saturated nonol ayer may be suitable. A substantially
sat urat ed rRgpblvaipely inwlves&ormatien Qlisurcessive ptolicdpypraopa pubsttaiad Jughdgyers
exhibiting the quality and/or prq‘pe,rti es desired for such layer. [0037] The
first speciBaY GO8PHER JEE*AMBIR: BV ERi iRk PRIGHIHER: 2BMHer NYBRUSANRPIEY LlP
species is provided to chem sorb onto the fi rsﬁ)(a nonol a%g&rg of the first

speci es. TREAYRRORfSereEFade %_%atpg“ct'%ﬁe%ﬁx@eado’ﬁiﬁ Yeherost %1t_F'e repeated wth
cabes. " the 1Bk eagReRs S e’ RO il SEs b0 anii@h G oA G " peci os

Or_mor e MRy, B, SUGEESSl b SIRThEREBSHo I YR ohthe ofniReA00S! 083778

Theoretically, the chemisorption forms a monolayer that is uniformly one atom or molecule
thick on the entire exposed initial component. In other words, a saturated monolayer.
Practicélly, as further described below, chemisorption might not occur on all portions of the
component. Nevertheless, such an imperfect monolayer is still a monolayer in the context
of this document. In many applications, merely a substantially saturated monolayer may be
suitable. A substantially saturated monolayer is one that will still yield a deposited layer
exhibiting the quality and/or properties desired for such layer.

[0037]  The first species is purged from over the component and a second chemical
species is provided to chemisorb onto the first monolayer of the first species. The second
species is then purged and the steps are repeated with exposure of the second species
monolayer to the first species. In some cases, the two monolayers may be of the same

species. Also, a third species or more may be successively chemisorbed and purged just
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as described for the first and second species. It is noted that one or nore
of the first, second and third species can be mxed with inert gas to speed
up pressure saturation wthin a reaction chanber. [0038] Purging may
involve a variety of techniques including, but not limted to, contacting

t he conponeRlp Aanlser;snonol ayer with a carrier gas and/ orp¢pDvElds@snsessur e
to below the deposition pressure to reduce the concentration of a species

cont act i ng gk hBscribLATRP B HirstHnd/sEoreRBERISN NP8 Ao B At Bfe oIt @ i, carri er
gases include N2, Ar, He, Ne, Kr, Xe, etc. Purging may instead include

cont act i ng sbihdGRERGREDbciB Bbe MXO wal Blert\taé b spaBY up phstaacattdieh al | ows
chem sorption byproducts to desorb and reduces the concentration of a

speci es pr emaihat reagtioh@nhambsroduci ng anot her species. A suitabl e amunt of
purgi ng can be determ ned experinentally as known to those skilled in the
art. Purgi n038]i mePungiyg ey fvolve avakay yf tedthirped iclidagphut get inited td,hat  yi el ds
an increase in filmgrowh rate. The increase in filmgrowh rate m ght be
an i ndi cat icomadingahedramgeeticnd/onorondlaEr withaceg®r gagantéordowerimgpréseutesed t o
establish a purge tine limt. [0039] ALD is often described as a
sel f-1i m t baigwphederssition preshiue tarefiie the conaehiestiopfof 8 ispanies eoxtastingthe a
conponent to which the first species may form chem cal bonds. The second
speci es ni gampeEnyanskerEhemispredispecies. Sp@BPles chpririernaseninglude No Asdie, Ne,
self-limting. Once all of the finite nunber of sites on a conponent are
bonded wi t Ir.aef Bics Purgipgcinay instepd inclugds cordpring dhe cofirenerdrpeRT meroBshdith o ot her
of the first species already bonded wth the corr%gaent. However, process
condi t i ons 2B\AHASENGE HEEEIGNT CRETISPERUIRR BYRSPRICISUR AT BT hEILeRF tPender  ALD not
self-limting. Accordingl ALD may .al so enco Ss _a species, _fornmn t her
than  one AGMSMEYER ohp SHeqss ISR OPARIITREVHS AOTEL 8pees. AT R sToPdydr ror e
than one atom or _ mol ecul e thick. var | . f.the t
inventi on HY9I0g;%R 89 Hgt(r;’eérplﬁeé‘ F)éoeé«me];gﬁy J&A o BORE g&lﬁedom the art. %‘?51%‘

time may be succéssively reduced to a purge time that yields an increase in film growth

rate. The increase in film growth rate might be an indication of a change to a non-ALD

process regime and may be used to establish a purge time limit.

[0039] ALD is often described as a self-limiting process, in that a finite number of sites

exist on a component to which the first species may form chemical bonds. The second

species might only bond to the first species and thus may also be self-limiting. Once all of

the finite number of sites on a component are bonded with a first species, the first species

will often not bond to other of the first species already bonded with the component.

However, process conditions can be varied in ALD to promote such bonding and render

ALD not self-limiting. Accordingly, ALD may also encompass a species forming other than

one monolayer at a time by stacking of a species, forming a layer more than one atom or

molecule thick. The various aspects of the present invention described herein are
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WO 2005/ 083778 PCT/ US2005/ 006116 applicable to any circunstance where ALD
may be desired. It is further noted that | ocal chem cal reactions can occur
during ALD (for instance, an incom ng reactant nolecule can displace a

nol ecul e froman existing surface rather than form ng a nonol ayer over the
surface). Tqd 95/(?;7gnt that such chem cal reactions occperukiagdfocdi1e
general ly confine wi thin the uppernost nonol ayer of a surface. [0040]
Tradi ti onalaphicRhead aRE&im¥ahdl Whdre AUDGRYY Be-déSREH. NBR GG ePhotb8 M@ LB4IUr € and
pressure and according to established purging criteria to achieve the

desired f orcAghicaneddtionfanteeieduringADDl(RY BEtafte aRiHtohaeread@intandiédiR.cakven so,
ALD conditions can vary greatly depending on the particular precursors,

| ayer conpaisplace a,makepesidn amedsting poeats, rathacthan fvemingfaandrmisgeaceottdi ng to
criteria known by those skilled in the art. Maintaining the traditional
condi t i ons soffadeg nPethatenteet thpr s anamica mekcponrsgicnyy, thepiand gersraliinwamtined
reactions that nmay inpact nonol ayer formation and quality of the resulting
over al | ALDithiayies uppkooest dianglayer of eserfadel ng out si de the traditional
tenperature and pressure ranges nmay risk formation of defective nonol ayers.
[0041] The WeMdr alTredicmabAldygarodccaheiictagquenthorsed sprasstof tempe@UDp ahticl udes a
variety of nore specific processes, includin but not limted to,
pl asma- enh&MRSedre @I ageridiog Weﬁséab"S*@?[DUrgéngc%ﬁﬁ’f@%P ?C'U%‘@dh? éei’r'@ﬂﬁ?fmam” of
non-sel ectively a conplete, deposited material on a conponent.
char act eri $0joxeraf A@/@Y?%O”tarf@"%‘i'%[ BilEntisENeSefed C@?d'tfﬂﬁ‘FF?’bV%W §£?é5¥ es in
t he dep03|t| on chanber ﬁ eact to formthe deposited mate E
condi ti on gper@&gtqnégeg Bﬂ“ al'l*?’?%és"bﬁ.ﬁadi?rn‘ﬁ’”l?ro?'f%pr |d§p‘fs(5tfonterqéﬂﬁ’mef16ﬁ3(l’ ORED
wherein a onent SI t.i Qn .S eci.es that
cheni sor bs?ﬁcgg) ﬁa%cgﬁ%'bgntgr‘ff'gg EB?V&” ?%gfey&(q% N 38 Bruning theafs Kff?lpr ocess
regi me may of a

4 grﬁo%nggf ns I uﬁ&gﬁ Xr&f%ﬂéﬂé%ﬂm&%’hﬁ\u&t%% agt}o%g?l%tﬁa

type or u con m sorption
impact monolayer formation and quality of the resulting overall ALD layer. Accordingly,

operating outside the traditional temperature and pressure ranges may risk formation of
defective monolayers.

[0041] The general technology of chemical vapor deposition (CVD) includes a variety of
more specific processes, including, but not limited to, plasma-enhanced CVD and others.
CVD is commonly used to form non-selectively a complete, deposited material on a
component. One characteristic of CVD is the simultaneous presence of multiple species in
the deposition chamber that react to form the deposited material. Such condition is
contrasted with the purging criteria for traditional ALD wherein a component is contacted
with a single deposition species that chemisorbs to a component or previously deposited
species. An ALD process regime may provide a simultaneously contacted plurality of

species of a type or under conditions such that ALD chemisorption, rather than CVD
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10 WO 2005/ 083778 PCT/ US2005/ 006116 reaction occurs. Instead of reacting
together, the species may chemi sorb to a conponent or previously deposited
species, providing a surface onto which subsequent species may next

chem sorb to forma conplete |ayer of desired material. [0042) Under nost
CVD condi t i ang 200808393 t1 on occurs |argely independent of pchfis:@905@s ti1 on or
surface properties of an underlying conponent. By contrast, chem sorption

rate in ALD.HighbediRs.| IRbbAPHGEELIRY tdfafher MPGREbS fHy cRnfSbdltd b%@mﬁ&ﬁéﬁ?t ure,
and other properties of a conponent or chem sorbed species. O her process

condi ti ons,or hANicB¥IPABp&Sited BFRESUSrBviaing alsBIRRIAtdWIRch Sie@lchPsiddfds Wafyce
chem sorption rate. Accordingly, observation indicates that chem sorption

m ght not or&tWheARPFELIfE! ¥ cfplpNdyepbdeefecemgen@monent  t hough it occurs at
a suitable rate on other portions of the sane conponent. Such a condition

may i ntrodup@42int ol evabéranske CEOtcondinidre, depdeiios bdoad lagelindebendddbdidhe An

exenpl ary nethod of the present invention is described with reference to

Fi gs. 6- 13.coRpbstian srguifadet prapdryestad akiugderhing sumporssnovBy eonttrasty ohemtisaption
construction 200 at a prelimnary processing stage. Construction 200

conpri ses saedr AlLD ofight be irfluencet by ¢ codemeitiorh ed/siatiee stoutlng, addtdtheref erence to
Figs. 1-5, and such structures are | abeled identically in construction 200
as they wemeonegiseloba compeFiegbor chemisomedspeliery| Qtherquersess aenditipns,Z00exagples hown
to conprise a sem conductor conponent 110 having a front side 111 and a back
side 113, &m$spigranddéempeiatyifoiiay @lsodBivpreeshemispaiion (aie-i Berordingdy. obsegrvatiznendi ng
around conponent 110. Construction 200 further conprises a conductive netal
trace 100 "&’HP&F%QIB@}SC"?'B'SPW@O’E Mighbnefoseyiapaigeigblu on BBQ'PQS AP THOABMN ses a

Lo ber o o gh i aeai 8l o SiapiaTaB DetheL PRy O s, we componeft- Bae 3 1 ON 1 aver

condition may introduce intolerabie defects into a deposited material.

[0043] Ah exemplary method of the present invention is described with reference to
Figs. 6-13. Referring initially to Fig. 6, such shows a fragment of a construction 200 at a
preliminary processing stage. Construction 200 comprises several of the structures
described previously with reference to Figs. 1-5, and such structures are labeled identically
in construction 200 as they were labeled in Figs. 1-5. Accordingly, construction 200 is
shown to comprise a semiconductor component 110 having a front side 111 and a back
side 113, and further is shown to comprise a passivation layer 112 extending around
component 110. Construction 200 further comprises a conductive metal trace 100
analogous to the trace described previously, and comprises a thick passivation layer 114
beneath trace 100. The thick passivation layer can be, for example, a polyimide-containing

layer.
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11 WD 2005/ 083778 PCT/ US2005/ 006116 [0044) Construction 200 differs from

the construction 10 of Figs. 1-5 in that construction 200 conprises a pair

of insulative-material |ayers 202 and 204 over conductive-nmaterial |ayer

100. Insulative material |layers 202 and 204 can be referred to as a first

and second wgwH/@btge-material |ayer, respectively. |nsptpusaessoatieri al

| ayer 202 can conprise, for exanple, polyimde, and insulative-materi al

| ayer 204 caoo4apnpCobsructichr200xdiepd om sHd doastructieh tXxbideigd. aria thadgonstruction

| ow-t enperature deposition. Insulative-material |layer 202 is patterned to

have a gap ZM&oextiesh pajr ¢f resuetive-oatgnal layeirc?02 sdH0di avat edngudtiveetaial ocat i on

for an outer |ead bond. [0045] Construction 200 can be considered a

semn conductleyerd6dpselatve raaterial ayhrs 208 mpd Aehcarcamefarsddo as B fishandsageng ur f ace

208 outwardly of the front side of sem conductor die 110, and a back-side

surface 210nsuatixeimitsriablyerntespentike!si Weulative-rodterh! pyen202 ¢ap@awipriRafaspeni ng 212

extends entirely through sem conductor conponent 200, and specifically

ext ends fr onempEnpolwmife, g ihadativeosaterd! [se204icga cempfises éor 21MpleRdigphg 212

conprises a depth 214 between the front-side surface 208 and the back-side

surface 21090xigg{fameqshy!P¥dmperaiutp 4ePoSit o M asHRFr I8! laner <98 st Rptteed tapeni ng

212 can have any suitable shape when viewed from above, including, for

exanpl e, a "AYBEIIFREPELKENAURG tgediroudiy WRED s Ying BNt Be Qiogap%n AR al |y

circul ar en, viewed from above, then width 216 will correspond to a

di aneter of *ih¥ @ rcle. Regardl ess of the shape of opening 212, the opening

w |l have a | MUY CL 0SS- ti L Wi . particul ar ect uch
ngHégLeC@nstru?tlo&.szg ﬁa'\?\n B? For\géd%fé?i a $etr?nlgoahdb%t8h%oni@g§ﬁf andSSucﬁ

maxi mum cr onar ess than about crons, and in
e e T S e T BT e
surface of e 110, and a back-side surface 210 outwardly of the back side 113 of die 110.
[0046] An opening 212 extends entirely through semiconductor component 200, and -
specifically extends from front-side surface 208 to back-side surface 210. Opening 212
comprises a depth 214 between the front-side surface 208 and the back-side surface 210,
and comprises a width 216 orthogonal to the depth 214. Opening 212 can have any
suitable shape when viewed from above, including, for example, a substantially circular
shape. If opening 212 is substantially circular when viewed from above, then width 216 will
correspond to a diameter of the circle. Regardiess of the shape of opening 212, the
opening will have a maximum cross-sectional width. In particular aspects, such maximum
cross-sectional width will be less than about 100 microns, and in further aspects such
maximum cross-sectional width will be less than about 35 microns.
[0047]  Opening 212 has sidewall peripheries 218 which comprise a surface of

passivation material 112 and a surface of insulative material 204. In particular aspects,
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passivation material 112 and a surface of insulative material 204. in
particul ar aspects, 12 WD 2005/083778 PCT/ US2005/006116 nmaterials 204 and
112 can conprise the same conposition as one another, and specifically can
conprise, consist essentially of, or consist of silicon dioxide.

Accor di ngl y waaswssiiss 218 can conprise, consist essent ipalriug20$/po6ors consi st
of silicon dioxide along the entirety off the sidewalls. [0048] As discussed

previ ousl y maéranciodrad il ca@boeRIthe Sante GRiPosBIBAHE bOS aktiteer, @adpetifcally
particul ar aspects will conprise a nonocrystalline sem conductor materi al

such as, f@ancaxpige| enskt saARIlY ot at tinait disllicarodioxiad. eAccofsagy, dideghlls, openi ng
212 can be considered to extend through a nonocrystalline silicon wafer in
sone aspeci2ds ofn tdneprisayvembisbessefit@Dy6f ol donkist af slliech ditvade along theenfiratyef bet ween
materials 204 and 112 should be shown in the opening 212 of Fig. 6 as such
i nterface Wwmsidewsdls.vi si bl e behind the plane of the opening. However, such
interface is not shown within the opening in order to sinplify the

drawi ngs. C9Ae8lal |As disonssadiniedeuse slirioture g bhean apmpribe aispmisondustasdiephathes  of
the cross- sectional views of this disclosure will not be shown, except in
i nst ances imparfuan appectsswill aMprseeRImEPRYSiafiee SABEPR I maleralisHefeas ffes wi l |
enhance clarity in the drawi ngs and/or description. [0050] Structures 114,
100, 202 af¥Re TBRANE st dfiepryaten Aroopsingls ArANENG 32 GaPdgtconsdeiad P11 of

structure 110. Specificallﬁ;éﬁhe tructures 114, 100, 202 and 204 are cl oser
to the frGRENSINGRVID PIMEDASHSE '“?H@C%Wefrgra%mif@%f%éﬁﬁ IN§WoR”r ocessi ng

d i bed i [ i f i ) h d | e.
deser b PR3 oteb T AT ok B 2l s e S
conprised g PELLRDSYY oFERLELILRE ihiEi%acE AR He! VeI IBLGAL @b ph3-of fRedl f T €T ence

bet ween t he
opening. However, such interface is not shown within the opening in order to simplify the

drawings. Generally, interfaces occurring behind the illustrated planes of the cross-
sectional views of this disclosure will not be shown, except in instances in which it is
believed that the showing of such interfaces will enhance clarity in the drawings and/or
description.

[0050]  Structures 114, 100, 202 and 204 can be considered to be proximate the front
side 111 of structure 110. Specifically, the structures 114, 100, 202 and 204 are closer to
the front side 111 than to the back side 113.

[0051) The processing described previously with reference to Figs. 4 and 5 showed a
hole 130 punched through conductive material 100, and accordingly the hole 130
comprised a periphery containing the conductive material 100. A difference between the
Fig. 6 structure 200 and the structure described with reference to Figs. 4 and 5 is that hole

212 does not comprise a periphery extending entirely to conductive material 100.
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Fig. 6 structure 200 and the structure described with reference to Figs. 4
and 5 is that hole 212 does not conprise a periphery extending entirely to
conductive material 100. 13 WD 2005/083778 PCT/ US2005/ 006116 Construction
200 can be forned by initially form ng conductive-material |ayer 100 to be
patterned gw@?&J$g7$he material 100 conprises a gap extmatiNgosidigiet hr ough
where hol e % Is ultimtely to be forned. The gap can then be filled with

the el ectr ceRdthubndn ¥l @h ib% formaB b iritilly %@ﬂmg@aﬁdmf‘e ﬁ%ﬂann@#lé’om be
punched through electrically-insulative materi al [0052] Although

construct i gaed¥d Jush HRAOWR Mdtédnl PPEEINTised 2 gmbxtgmgambtemo@gmdtm hole
material 100, it is to be understood that the processing of Figs. 4 and 5

coul d be upidiszethatdlystteacmedd. tThe gabeawthpn be &kl with théderoricallyghsuldtie openi ng
could be forned through a conductive pad of material as shown in Figs. 4
and 5, andmatuhkicOdparel tae ppsnifErcantempandteidnigrotifreclecnclliginisulativeahateriall of t he
pad. [0053] Referring next to Fig. 7, a |ayer (which can also be referred to
herein as a04.iln) 220 is deposited within opening 212 along sidewalls 218,
and al so al ong back-side surface 210 of conponent 200. Layer 220 can

conpri se arf0§2ict Alteuigh gorgdian 300ds shamerwitil opeaind 2it 2 nofmentactng eondedipect s

w Il conprise, consist essentially of, or consist of nmetal nitride. For

i nstance, Mmaipaal 1990 isdnbe srgarstaed thatihe prressingatFias 4 gndP cowd begligrdt of one
or nore of titaniumnitride, tungsten nitride, tantalumnitride and hafnium
nitride. L&giead obthe shypriocqssings P‘@‘EP' dingly e ppenipg couichpa farmpd tHoygha i cul ar
aspects of the invention to dlg ngﬁ__l sh Ia er 220 from subsequent materials
formed wit FNUSERAR G Baierialagsaayn Ny '%66!1 Pa§fscovlave apeseished as bei ng

formed over back-si de sur s to be understood that |ayer 220
can be al t%%Plr\gzh%/coé'gHglvaé?aéﬂ'a?gt%ﬁ%??dne a new back- si de

[0053] Referring next to Fig. 7, a layer (which can also be referred to herein as a film)
220 is deposited within opening 212 along sidewails 218, and also along back-side surface
210 of component 200. Layer 220 can comprise an electrically-conductive material, and in
particular aspects will comprise, consist essentially of, or consist of metal nitride. For
instance, layer 220 can comprise, consist essentially of, or consist of one or more of
titanium nitride, tungsten nitride, tantaium nitride and hafnium nitride. Layer 220 can be
referred to as a first material in particular aspects of the invention to distinguish layer 220
from subsequent materials formed within opening 212.

[0054]  Although layer 220 is described as being formed over back-side surface 210, it
is to be understood that layer 220 can be alternatively considered to define a new back-side
surface so that the back-side surface 210 becomes associated with layer 220 rather than
with material 112. However, as will become apparent from the discussion that follows, the

portion of layer 220 associated with the back side of construction 200 is ultimately removed,
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surface so that the back-side surface 210 becones associated with |ayer 220
rather than wth material 112. However, as w |l becone apparent fromthe

di scussion that follows, the portion of |layer 220 associated with the back
side of construction 200 is ultimtely renmoved, 14 WO 2005/083778

PCT/ US2005/ &apdod6os3zm it is sinpler for the discussion heceius0$odsng
back-side surface is considered to remain associated with material 112 even

after formbiitq8sifipler B fie dedlissibPR&ah iflthY Backide sufftcdie chRidRed BYremb@l
exanple, ALD and/or CVD, and is preferably forned at a tenperature of |ess

t han or equabodialedhitina208G.12Ehen aftdr fdraatiorost lykr 220enper at ures at or bel ow
200C can avoi d probl ens di scussed above in the "Background"” section of this
di scl osur e, [0068] s{agef2a0adahpedamed by fdr dv@atplenglBiand/oi CVY, assiopichdrely wi t h di e
110 (not shown) to tenperatures which can adversely inpact the circuitry.

[ 0056] Fi g.foririedshavesnmmnataseartfdsathande pag! td aoub)PaC aT s utlie@ntdiat can be’
utilized for formng |ayer 220. Apparatus 1000 conprises a reaction chanber
1002. An i thereperdto®4 at exbeaiewi20G°htagntaMeid pebiemsatiscobrediadpve ine Bagsdroendl006 i s
provided across inlet 1004 for controlling flow of materials through the
inlet. An sagtiostof thEseirssite. @rd epredicallyican erald heativoicheritneirgatiated withdiea val ve
1010 is provided to control flow of materials through the outlet. [0057] A
substrate Hé@@pﬁsﬁwﬁt%enw@awra%whwﬁm ?‘pvﬁﬁélyr‘@aﬁtﬂ@ﬁ”éw%{wber and such is
shown hol di n% an exem% g y substrate 1014, Substrate 1214 can corr spond to,
for exanpl W0561he Fiz i’ SHAHTER BYeTeRIRS GRRATIIOD gBPasRtuE IR0 that %?Hd’e?“' '7890%8] I n

xpel | ed (OG220 1B CUIEDIR T Fogin PRRSHet B At BlEd s o
the. chanberoRlienlsSRE BRBRLSShahsR ah 8 404 foodldd i TBLEL LAl ot 0.1 Fon

the chanber repr esen arrow he ‘materia owed 1 nto chanber

1002 can b %or%HJlan@l%@ of ﬁ'%?etng@ttﬁro&éh fRe inldM8n outlet 1008 also extends into the reaction

chamber, and a valve 1010 is provided to control flow of materials through the outlet.

[0057] A substrate holder 1012 is provided within the reaction chamber, and such is
shown holding an exemplary substrate 1014. Substrate 1014 can correspond to, for
example, the semiconductor component 200 of Figs. 6 and 7.

[0058] In operation, materials are flowed into chamber 1002 through inlet 1004, and
expelled from chamber 1002 through outiet 1008. The materials flowed into the chamber
are represented by arrow 1016, and the materials expelled from the chamber represented
by arrow 1018. The materials flowed into chamber 1002 can be suitable reactants (i.e., one
Or more precursors), carrier gases, purge gases, etc.

[0059] If apparatus 1000 is utilized for an ALD-type process, two precursors can be
introduced into the chamber at different and substantially non-overlapping time intervals

relative to one another. Specifically, a first precursor can be introduced into the chamber to
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or nore precursors), carrier gases, purge gases, etc. [0059] If apparatus
1000 is utilized for an ALD-type process, two precursors can be introduced
into the chanber at different and substantially non-overlapping tine
intervals relative to one another. Specifically, a first precursor can be

i nt roduced Wwab@shiwrschanber to 15 WO 2005/ 083778 PCT/ US2005:0860616 form a
first substantially-saturated nonol ayer over an exposed surface of substrate
1014, andfortbgeqderstddialyietdrated imopbRgerevor arcadpobel aifact biesibétrne o fue
reacti on chanber. A second precursor can then be Introduced into the

reacti on céandupseduentietae firshpreburstrecanber@xpsfied frofnadhereschciaroshatriber. fA sesbnd
precursor to forma desired material fromthe nonolayer. The wutilization of
the first pmdirsgeanthgorbedotrasiocsd iorihdeacinsindmbedto oeast it the nadnolalyer pr ocess,
and nultiple cycles can be utilized to forma desired nmaterial to a desired
t hi ckness. folfhed frérh st firstnpdecsiesobtedonr @ desiked materiabtrera sha inbeelayes Bed ng wit hin

t he chanber at "non-overl appi ng time intervals" relative to one another in
t hat each @fizatiga opthedivat §6¢ 8edogd gragytsarstan Pp gorsidaredere cyelepd Redreqessn wi t hi n

t he reaction chanber prior to introduction of the other. The term

" subst ant i 19 Pultipie AYARAGAN e PRI te iEMiarftesrsianatedal i@ f (dpgiesd thikneasii Tt e t hat
there may be sone residual precursor wthin the chanber when a subsequent
b ecur sor 118 A EP OIS PIHESS DR AD BFING B SIAHETEE! o Ho pyeBERATEDy

i .wll b I d i I I . . i
o det ect atvEneryaLy ageiE 1 87 Hiar PR e plFuren St e R ¢ he
surface Off&ugﬁ%f {rérﬁ&v?tprét fi"elfl r'eaét%%%gér_n!)?r r{)@l&ﬁ%ﬁ%h%fo\(\ o??r%e@ﬁerptfhé ré?‘ml nventi on,

Iayer_220 nreride. "Tn s ch aspect, a tirst precursor can
o e o P b s SRR R e £, o
least one gyigl& phdduVidt Githid the chhfmBar M S&BOSeR! HEUISRTSInMbRckAintdiRe F €ACLT ON

chamber, but such residual precursor concentration will be very low, and typically low

enough so that there is no detectable interaction of the precursors with one another except

at the surface of substrate 1014.

[0060] In an exemplary aspect of the invention, layer 220 comprises metal nitride. In

such aspect, a first precursor can comprise the metal of the metal nitride and a second

precursor can comprise the nitrogen of the metal nitride. The layer 220 can be formed

utilizing at least one cycle in which the first and second precursors are in the reaction

chamber at different and substantially non-overlapping time intervals relative to one

another. Typically, each cycie will comprise introduction of the first precursor, followed by a

purge, and then followed by introduction of the second precursor. If the metal nitride is

titanium nitride, exemplary precursors containing the metal of the titanium nitride are TiCl,
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chanber at different and substantially non-overlapping tine intervals
relative to one another, Typically, each cycle will conprise introduction
of the first precursor, followed by a purge, and then foll owed by
i ntroduction of the second precursor. If the netal nitride is titanium
nitride, exegygloatysspPigecursors containing the netal of thectikswasovsimi tride
are TiCl4 16 WO 2005/083778 PCT/ US2005/ 006116 and ' '
tetraki s-di = am. ga- it aniun I :

a féé?ééhs%%aﬂﬂ éﬁ.@%‘h@%ﬁ@?iﬁﬁﬁ% afiden BRenfig irgcfu{sﬁﬁé _éﬂﬁlﬁggwgll A

containing t nitroge ride is a

titani um nigke8e of BY fletA ARridAD affrohRI(NRY. at a tenperature of from about 68C
to about 400C7iIf formed fromtitaniumtetrachl ori de and ammoni a, but

preferably wobi) bex tithQUABRNES lafel20RaR 8L WiRe®ht 4 REDetANGB RhoHabs@@ErC [ 0062]
In applications in which layer 220 is titaniumnitride, the first precursor

conpri ses J ENAT 4@0d it foEn LG BtaRILE QUK EBIorEOER AriRSnia B Riderabl ifgar mat i on
of layer 220 can be acconplished utilizing nultiple cycles at a tenperature

of from abgstined QD& dntberdiondtot 1sb8&Han dbymi2netd.y from about 130C to about 170C,
with an exenplary tenperature being 155C a pressure from about 200

mlliTorr t@oedjoutin2pdicatignswh ihiciarayena2ops ttanium misda tie firbteiredirsdd oorhpr3es
mlliTorr; a cold wall reaction chanber; a pul se of the TDVAT into the
chanber f ofTDMATI arel thé sedood prebusecoomairises gumgeia ftbe faimtiioreofddyea2icanli
seconds; and a second pul se of the amonia into the reaction chanber for at
time of abeotombliskasioniizing Muktipieysles affa temeeratuofi frone abrub 066 toaed by a purge
for about 10 seconds, to conplete an i ndj vidual cycle. The purge can be
acconpl i shd80°G typicaiierro abeni AT dieabod 1907G aBh an suemelaryjamperaivse beigie gas
can conprise, for exanple, ar?on, and is preferably a gas which is inert
rel ative t 359 €adtrrassuiifion abnet BeQmiiHos e ka2 day, W RN PIEAPYeon t he
substrate. [0063] The tenperatures described above for formation of a netal
nitride | a?%‘f‘g 3peut 800 milliTorr; a cold wall reaction chamber; a pulse of the TDMAT into the

chamber for a time of about 1 second; a purge for a time of about 10 seconds; and a

second pulse of the ammonia into the reaction chamber for at time of about 4 seconds.

The pulse of the ammonia can be followed by a purge for about 10 seconds, to complete an

individual cycle. The purge can be accomplished utilizing vacuum and/or a suitable purge

gas. The purge gas can comprise, for example, argon, and is preferably a gas which is

inert relative to reaction with the precursors and any exposed materials on the substrate,

[0063] The temperatures described above for formation of a metal nitride layer are

exemplary temperatures. It can be preferred, however, that temperatures utilized for

formation of the layer 220 be at or below about 200°C, and more preferred that the

temperatures be at or below about 160°C.

[0064] Layer 220 can be formed to any desired thickness through multiple cycles of an

ALD-type process. A typical thickness of layer 220 will be at least about 100A, with

17



exenplary tenperatures. It can be preferred, however, that tenperatures
utilized for formation of the |ayer 220 be at or bel ow about 200C, and nore
preferred that the tenperatures be at or bel ow about 160C. [0064] Layer 220
can be fornmed to any desired thickness through multiple cycles of an

ALD-type pr W@%Aﬁ ypi cal thickness of layer 220 will Pperatoha@siicabout
100A, with /083778 PCT/ US2005/ 006116 exenplary thicknesses being

from about PRk S008Ik obbA BEMRHUN 0RpOGARS wDilsrAw | T 260

each of the a - descri ed C es wll typi cal rma [ayer I’ess than or

equal to abguleslffidfinisds, éauhtchtﬂaéuocétheéoau@d@,cté@w;gtyaleawtfm%atapérqges, and

accordingly it can be desired to repeat the cycles at |east about 10 tines

to form | ay@an 828 uhRo AbSRI0AGEICK fWith@jprasiayers BEIAShodl ®ANREK 0SS Aies@ingh&d
above for the TDMAT/ NH3 processing and the Ti Cl 4/ NH3 processing are

ALD- | i ke, iduantHeadesirdifio Meidaots cydled ataeast spupt @hesRIfSmwaletp2anea@esedded in a
reacti on chanber at substantially non-overlapping tines relative to one

anot her. | tthickndse. be under st ood, however, that the processing utilized to
formlayer 220 can be any suitable processing, including CVDtype
processes. [@BEP] The insthndd dxbetithert abaveiohthiei TIDMATGNREe drot essimgTiDive TCLINH,
frequently oxidize upon exposure to air unless treated with a

post - deposi proeassiag asaAL bfikealnabat taDOEthodsutiied wo reanss apishrenproidgdcoma t he
metal nitride film220 of the present invention is utilized as a substrate
for a pl ati'méction sbamharat sybstastially r@pwwerte@@mﬁmesM@N@d@\dm@nm@rpm@em es of
the film are not generally of concern, and accordin the film can

oxi di ze to WWastaedt kaveverrHigsthe W?F@S?j%‘t"ﬂ'a%’pfﬁé?rfﬂ 'BYP'a?%ﬁéa'P be gpy SHEPIO utilized
with TDMAT formation of TiN can be omtted, and the film 220 can be forned
with a prod¥eEsiRg-dMeydnged Ha-YRe PERCeRSow 200C (typical |y

[0066] Itis noted that a TiN film formed from TDMAT will frequently oxidize upon
exposure to air unless treated with a post-deposition anneal of about 400°C. As will
become apparent below, the metal nitride film 220 of the present invention is utilized as a
substrate for a plating procedure. In such applications, the conductive properties ot the film
are not generally of concern, and accordingly, the film can oxidize to some extent. Thus,
the post-deposition anneal typically utilized with TDMAT formation of TiN can be omitted,
and the film 220 can be formed with a process which remains at or below 200°C (typically
at or below 160°C, and frequently at or below 155°C) for the entirety of the process.

[0067] Referring to Fig. 8, layer 220 is shown removed from over back-side surface 210
of component 200. Such removal can be accomplished utilizing any suitable etch, and/or
utilizing planarization methods (such as, for example, chemical-mechanical polishing).

[0068B] Fig. 8 also shows a layer 222 formed over an exposed surface of layer 220,

Layer 222 represents activation of layer 220. The activation of layer 220 is accomplished
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at or below 160C, and frequently at or below 155C) for the entirety of the
process. (0067] Referring to Fig. 8, layer 220 is shown renoved from over
back-si de surface 210 of conmponent 200. Such renpval can be acconplished
utilizing any suitable etch, and/or wutilizing planarization nmethods (such

as, for exaryh eosedrers cal - mechani cal polishing). [0068] pbir@s2@s@les@ Shows a
| ayer 222 formed over an exposed surface of layer 220. Layer 222 represents

tivati f t 0 i 18 WO
5005/ 083778 5L PR s St na A st Puliad o ap B BRhe BRESH
haf ni um and,cpaih@disUfAce M IKECIR) 8ty expBidHRE IHEr toRColuNiBh b&gpr@slr?léﬂtoﬁf:@1§f | ayer

220 is to expose the layer 'to a solution conprising about 5 grans per

liter of pajrdrsbermes bl pdilabiom ndidaledtabdut rhilliliterstRF StePRYdrétivbBE adiy, il | uoric

acid, with the remai nder being deionized water. The exposure can be

acconpl i shegk whiahger iRy Hetbized e OlhdtekgdsufeatandetdctBm@lishéd @A &BRUIto 30
seconds to about 60 seconds, with about 30 seconds typically being adequate

at room t enpesadtioheor alttnee eiGtdny athdud B0 sevandib EbautBOBatEide, witteamiut 22 as shown,
or can instead alter a surface conposition of |ayer 220. Regardless, the
acti vat i on spcapatgicallayang 2&ubierat sadosteqpenture | Bt adilatias cde fwsid separateer t he
| ayer. In particular aspects, the activation forns the shown separate | ayer
222 conpri $ayeg22Zamsfiosni orrandstendtditat 4 yurtste campastiosios layerR20f Regerdiess,bot h of
haf ni um and pal | adium Layer 222 can have a thickness of from about 1

m cron to atrativationipceranes layhr 2RO & subeeaprnd plpctsleasgigpesitian @ents dayehehng about
5 mcrons. [0069] The activation of the surface of l[ayer 220 can be
performed péftigrlar arregs:tap aCtr‘VéH‘b’\/erm%‘lhelsﬁ%)@rsez@@fq leYPhed EPMBEYRI. SPEHRiStSdr f ace
210. If layer 220 conprises hafniumor palladium the activation of the

| ayer can S&SBHRIMBR cPOTTDP oh@‘Fee?’rqOH'gOfr'i‘éﬁﬂU”T Fhyadigm. hayeqzde caphaves

el ectrol ess, plated .onto activation
. thlg kness of from about 1 micron to abouty7 microns, with an exemplary suitable thickness

being about 5 microns.

[0069] The activation of the surface of layer 220 can be performed before or after
removal of layer 220 from over back-side surface 210. If layer 220 comprises hafnium or
palladium, the activation of the layer can be omitted.

[0070] Referring next to Fig. 9, a layer 224 is electroless plated onto activation layer
222. The material of layer 224 can be referred to as a second material to distinguish the
material from the first material of layer 220. Layer 224 preferably comprises a solder-
wettable material, and is formed within opening 212 to effectively line sidewalls of the
opening with the solder-wettable material.

[0071]  Layer 224 can comprise, consist essentially of, or consist of, for example, nickel.
In such aspects, layer 224 can be formed by dipping construction 200 into a nickel |

hypophosphate solution utilizing an operating temperature of from about 59°C to about
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222. The material of |layer 224 can be referred to as a second material to
distinguish the material fromthe first material of |ayer 220. Layer 224
preferably conprises a solder- wettable naterial, and is forned within
opening 212 to effectively line sidewalls of the opening with the

sol der - wet t atb eoowassersi al . [ 0071] Layer 224 can conpri se, pconse®bomssential |y
of, or consist of, for exanple, nickel. In such aspects, |ayer 224 can be

formed by FaPDI g fd%@ﬁ&{.&%&& f?oﬂpatsdaﬁ$nmqmgsq5%bouthmmme§ph?érﬁok%9| ution

utilizing an operating tenperature of from about 59C to about 19

2005/ 08377 §yFCpHobira0s AR LR be 46Ut HaruiAEES by BABIEY ITBpPatichierm about 5

mnutes to a out 10 m nutes. The nickel hypophosphate solution can be a

sol ution maikda86t Wi dPvetRMarRihedeneRtSdy@d (DMAB)pplidatibhd. ZHel ke t h
p- di net hyl am nobenzal deyhyde (DMAB) applications. The nickel hypophosphate

sol uti on whypoghyentasd $alutlvawel epipdtly diavd & prhoaitotabbuttsoto 7, with & breferfadefter red pH
bei ng about 7. The el ectrol ess-plated |ayer 224 can have a thickness of from
about 1 mbeingrbba 7alithetelettroiess-platd layet 2R4adzoutavéd a thicknessofiermapcat pr ef err ed
thickness. If the thickness gets too |low, a solder material formed over the
ni ckel | ayemicron heatmot denicrons, @ith about § mictesshvaitea pteddred)thicknessolitene t he

el ectrol ess-plated | ayer before the opening 212 is conpletely filled with
sol der, so thitiaess gris tlodew.rapsclsdes matesiabidrnest aver tie nikseldayro (thegdlderphateral she

desi red task of providing adequate wetting for solder utilized to fill

openi ng 21gesqriged bplowscati psigBR e piasyplatrspigted daver Referedhe eprminaigéguent

el ectrol ess plati is but one of many nmethods that can be utilized for
plating a §6’I“B'§I*'=‘JW\’;8'?‘€‘ WHG Spidereq Hpt ‘69@}6%‘3'%%“9(‘ matergbioes dehascomplishden

i nclude, for exa activationl essiegF ati netal nitride, and

format i on HF‘S'?dIt lctefgf?d@t‘r&ﬁﬂeg“%ﬁé’ﬁft °’\?81'Bgfr““8%eﬂdg EPW"}B/@P onto the metal

gle::)gls:jt? ed | bgﬂe d IAfS c&%&%&e&i{}ﬂ%oon\}s@ act}lvatlo?\vgn%%u s%l;q%n ?ec?rglgsng r(J:lg’lmg\{sa B&
one of many methods that can be utilized for plating a solder-wetting material over a metal
nitride. Other methods include, for example, activationless plating onto the metal nitride,
and formation of a low temperature che'mical vapor deposited layer onto the metal nitride
followed by plating onto the low temperature chemical vapor deposited layer. If such other
methods are utilized, the activation layer 222 can be omitted, or can be substituted by a low
temperature chemical vapor deposited layer. Alternatively, the activation layer can be
formed over a low temperature chemical vapér deposited layer which in turn is formed over
the metal nitride.
[0073]  Aithough layer 224 is shown formed after removal of layer 220 from over back-

side surface 210, it is to be understood that the invention encompasses other aspects in

which electroless-plated material 224 is provided prior to removal of layer 220 from over the
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met hods are utilized, the activation |ayer 222 can be onmtted, or can be
substituted by a low tenperature chem cal vapor deposited | ayer.
Alternatively, the activation |ayer can be fornmed over a | ow tenperature
chem cal vapor deposited |ayer which in turn is formed over the netal
nitride. [O00¥9200a08H3%igh | ayer 224 is shown fornmed after RGHER2805/006611¢ ayer
220 from over back- side surface 210, it is to be understood that the

i nventi on emeeIRRISEScH)BAE I ASEERIts therelecwhibsdiplalet ehat@lab st phetigidouater i al
224 is provided prior to renoval of |layer 220 fromover the 20 WO

2005/ 08377 8reROV4dISA0 05ér006 bAdk-sidsestikfase.de surface, and in which both the

el ectroless-plated material and material 220 are renoved from over the
back- si de s(®d74te. RE@OIo Rigf &0, rinsnptiveomEiegal la@r 204 8id. &) isvempwtdetpilerive bayer
204 (Fig. 9) is renoved to | eave an opening 232 in the polyimde-containing
| ayer 202 wren@g2A2 buthepolyimide-pamnaining layer 398 whiees anselterdpabbonglis todiser r egi on
of opening 212 is extended to forma region 230 of the opening that extends
entirely acP6Red tAwo, gapPRRItEgioN einReniey kiR ispyteadedio foraye rediand30 oAtheor di ngl vy,

t he extended regi on 230 of opening 212 has a periphery conprising an

exposed surdrgeiBYdat e¥adeNtively Aupe thasan oithin pepdualivermrirza! layeptt s of the
invention, the opening 212 can be considered a first openi ng which does not
extend to t'?‘Fé’OE%WJ}’uHﬁ‘%)‘ée”dﬁﬁf%gl‘qnaﬁ3of69?e”é{}$dﬁt2ﬁ‘ésé)PFEWEféYjCCP’E@%@H @30 can be
considered a portion of the first openin which is extended to reach the
Sonduct i ve TEPR 8308 TPV PHIR oo " BRI EEPaeisy JIF MAORAFE be
acconplished util,izing any suitable etch, hough .an, enti et f..insulative
ot er | al  ocbelEb2E AT rE R Rl aalle SBET P RReR L hpdeao. 1 e
to be wunde i i : [ hi.ch only
 por ti on qreiaioh; B b eSO ERPRRRT3eE) 20 BT BRAL it Dol

Regar dI ess’wf%h ig %%Bd%eégh tﬁ@@onductive material 100. The formation of extended region

230 can be accomplished utilizing any suitable etch. Although an entirety of insulative
material 204 is shown removed during formation of extended region 230, it is to be
understood that the invention encompasses other aspects in which only a portion of
material 204 is removed to form the extended region 230. Regardless, ét least some of the
material 204 is removed.

[0075] Inthe shown aspect of the invention, the formation of extended region 230
occurs after activation of first material 220, and also after formation of electroless-plated
material 224. It is to be understood, however, that the invention encompasses other
aspects in which the extended region 230 is formed before one or both of the activation of

material 220 and formation of plated material 224.
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material 204 is renoved. [0075] In the shown aspect of the invention, the
formati on of extended region 230 occurs after activation of first materi al
220, and also after formation of electroless-plated naterial 224. It is to
be understood, however, that the invention enconpasses other aspects in

whi ch the ext@n@deodsinmgi on 230 is formed before one or botelirafs2doecsant i vati on
of material 220 and formation of plated material 224. 21 WD 2005/ 083778

PCT/ US2005/ Q@%ﬁ? 'Srl.[lé)%mval-g??agéﬁémv@lg. wchhaye%rm@%éat@iafr_oﬁt)simrgé‘ézdéﬁe

| ocati on of ide surface 208 so that the surtface i s now assocl at ed

wWith a surfacfahe L@k il s3bhskd WRAR iR A I5EF S@CRthePthah@tBa sdldce [ 0077)
Referring to Fig. 11, a solder 240 is provided within opening 212 and within

extended regiig@r2@0. Sol der 240 can be provided by, for exanple, utilizing
wave-sol der net hodol ogi es which apply the solder froma back side of the

conponent 2@gh77ACCRERMGItY Fig. 1 he DRledR40 it bldvRled P@RiInRPerding 21Daitd wigws not
extend into other typographical features associated with the front side of

conponent 28@nded edgith 280, Solter 2aREgY b, proidedagyefor Bgard@e.. utilififPwdle-ondedler 240
can conprise any suitable solder conposition, including, for exanple,
conposi ti onsetboddi@gies wigcto@9t tha saldel (Ve backdiddnf tveecaiionentd®05 Fetdrdingind 3. 4%
silver (by weight), or 96.5%tin, 3%silver and 0.5% copper (by weight).
[ 0079] The tbebdder-fillebpéning 2t butideks B4 xtedd ate athecivsdgrapssil Batirésn al | owi ng
the solder to flow into narrow opening 212 at relatively |ow tenperatures,
whi | e proviasispgiated with therfrant sideiall qorrponent |200dinaliding; Fas exgapie e orPsngA3ar y
tenperatures for provision of the solder within the opening are at or bel ow
about 200C. [Q038B0] SHEere4PicAf CoBPISeRNy syitable Viier cRTPdionanelkdiag. fPfayer 250 is
formed over exposed " . ) . .

example, compositions containing 63% tin and 37% lead (by weight), 96.5% tin and 3.4%

silver (by weight), or 96.5% tin, 3% silver and 0.5% copper (by weight).

[0079] The solder-wetting material 224 advantageously assists in allowing the solder to

flow into narrow opening 212 at relatively low temperatures, while providing a uniform,

quality fill within the opening. Exemplary temperatures for provision of the solder within the

opening are at or below about 200°C.

[0080] Referring to Fig. 12, a conductive-material layer 250 is formed over exposed

conductive materials 100 and 240 on front surface 208. The conductive material 250 can

comprise, consist essentially of, or consist of, for example, nickel, and can be formed

utilizing electroless-plating technology. The conductive material 250 within gap 232 forms a

portion of an outer lead 252. The conductive material 250, together with solder 240, forms

an inner lead 254 which extends within opening 212.

[0081])  Referring to Fig. 13, polyamide-containing material 202 (Fig. 12) is removed,

and a solder ball 260 is formed over the conductive material 250 of outer lead 252. The
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conductive materials 100 and 240 on front surface 208. The conductive
material 250 can conprise, consist essentially of, or consist of, for
exanpl e, nickel, and can be formed wutilizing electroless-plating

technol ogy. The conductive material 250 within gap 232 fornms a portion of

an outer | eaglo2hissthe conductive material 250, together parids268begls 240,

forms an inner |ead 254 which extends within opening 212. [0081] Referring

to Fig. 13, I des. i enkal ' PN d, and a
g reBRlA Btind2riaCib il itk MG Slé 818208 b Shmpkdn HoteBRYE

sol der ball over the conductive nater outer | ead

252. The 22, MQ2995L08RY fdudam %B?@&p@@@l&&eria@m%d do. B8 dHthe 202

shifts the front-side surface 208 of conponent 200 to outer surfaces of

trace 100, JoRfefbiPde0ld dhoviH $biMRAPRIMEPERF haleRal2B0 R BGte2R8d 249, haWeh t he

sol der ball 260 is shown selectively fornmed over material 250 of outer |ead

252, and nQiver MeRFialPBLK inAbr 188P25H, itiito®e uh@astoddthat & bolligr Ha® cb@d HREEE St ood
that a solder ball could also be fornmed over the inner |ead. [0082] The

pr ocessi ng foimddiqyar the-rkdr ishust rat es one exenpl ary aspect of the invention.
Anot her exenplary aspect is described with reference to Figs. 14-16. In
referring tgoBRYs. Thelgtoddssing deRiys.cal 3 itustrbtes iong exdnhdlarp @spese df ths inwerstiont i | 1 zed
above in describing Figs. 6-13, where appropriate. [0083] Fig. 14

i 'l ustr at esAretheoasdmplary iaepecd B@eatribad pitb cdgrsncego Figsp1 406 s baeteringtto Fighat  of
Fig. 7. Expanded region 230 has been forned after formation of conductive
mat eri al 221@;16, igedtiqat hwnbarog mélhip/esed @b was ktlized pheverimtesaribing £iu3. 6-1dm

back-si de surface 210 of the conponent. [0084] Fig. 15 shows activation

| ayer 222 afgrepricengless-pl ated | ayer 224 formed along material 220, Fig.

15 al so shows material 220 renoved from over back-side surface210.
[0083] Fig. 14 illustrates a construction 300 at a processing step subsequent to that of

Fig. 7. Expanded region 230 has been formed after formation of conductive material 220,
and prior to removal of conductive material 220 from back-side surface 210 of the
component.

[0084] Fig. 15 shows activation layer 222 and electroless-plated layer 224 formed along
material 220. Fig. 15 also shows material 220 removed from over back-side surface 210.
Such removal can occur before or after formation of one or both of activating layer 222 and
electroless-plated layer 224. Additionally, Fig. 15 shows removal of insulative material 204
{Fig. 14) from over polyamide-containing material 202, which leaves a gap 232 exposed to
a location where an outer lead is to be formed. The removal of material 204 preferably
occurs after formation of activating layer 222 and electroless-plated layer 224, in order to
avoid formation of an electroless-plated material on the conductive material 100 within
opening 232. However, the invention encompasses other aspects (not shown) wherein it is

desired to form an electroless-plated material within opening 232 simultaneously to forming
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Such renoval can occur before or after formation of one or both of
activating layer 222 and electroless-plated |ayer 224. Additionally, Fig.
15 shows renoval of insulative material 204 (Fig. 14) from over

pol yam de-contai ning material 202, which |eaves a gap 232 exposed to a

| ocati on whave @wessatser | ead is to be formed, The renovalecafuspmbessial 204
preferably occurs after formation of activating |ayer 222 and

el ectr ol esshpbrtrsledsiidting %%rléu Bod A 5udhQspe it darf B8 88Yik@To Hlpoddlthe _
el ectrol ess-plated materral on the conductive material 100 within opening

232. HoweVe&jondiidiife maweiat 100 viRRCEIERRG 283 tdthd esndrBRe Glilzed Mo tormigierddrer ei n it
is desired to forman electroless-plated material w thin opening 232

si nul t aneousldy2uo form ng 23 WO 2005/083778 PCT/ US2005/ 006116 the

el ectrol ess-plating material 224, and such aspects it can be desired to
expose the [0086HucRefeeingdd Eigi €8, sdloér 240t pmvidqbwithig o@Sihg 21 2tane exendéd | ons
utilized for formng layers 222 and 224. [0085] Referring to Fig. 16,

sol der 240 regiop23y icdmaiictive:inbteriapaps A% &¢ Prayitdd evithionegdns 239¢nd232 Bbe
conductive-material caps 250 are provided within regions 230 and 232 (the
regi on 232 regon gbisdabeled ifFig. 18)53nd asaider belb26fEis phyided 28¢r the cgndoetivded over
the conductive material 250 in opening 232. The construction of Fig. 16 is
conpar abl e re@en @S¢ Brepening ERonThegonsirggtion of Fig S ielPemearable kp thagenstruction

pol yam de-contai ning material 202 has been |l eft over the construction of
Fig. 16 durd' hiy- F%r%‘g@‘if@ﬁ "'othawls@@?'dq;@enﬁa'rz@maieﬁa'a?@é&aaaﬁ@relemow ”éfh
alternative aspect of the invention relative to that of Fig. [ 0086] The

| ow t enper &COPECPP LY 1 RGUBI fLOHBatBPé’ééﬂ?er PAYEHR iberoeaiRnes ¥ %{ba'??mﬁg\’%us

advant ages. For jnstance, the be utilized in so-called
"back- end" %P%%@L@Eyve()&?@rrg'ah‘é&f’%ﬁ?g gff)' ‘the l'ow tenperatures utilized in

the invent i gaeean he detiloent Al 8l so oShIBI N3k oRRSSIR! FovidliAdqmal 1 v

met hodol ogy ventiron ca
advantages. For instance, the process can be utilized in so-calied “back-end” processes

where heating above the low temperatures utilized in the invention can be detrimental or is
simply not possible. Additionally, methodology of the invention can be utilized with

metallization of plastics and other materials that may be sensitive to temperature.
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nmetal lization of plastics and other materials that nmay be sensitive to
tenperature. 24 CLAIMS: 1. A nethod of fabricating an interconnect for a
sem conduct or conponent, conprising: providing a sem conductor component,

t he conponent having a first side at a first elevational |evel and an
opposi ng second side at a second el evational |evel above the first

el evational level; formng an opening which extends entirely through the
conponent, the opening accordingly extending fromthe first side of the
conponent to the opposing second side of the conponent, the opening having
sidewal | s; @eddtiiting a first material along the sidewalls of the opening,
the depositing being conducted at a tenperature of | ess than or equal to
about 200 C.; plating a solder-wetting material within the opening and over
the first materijal, th@ethol d€TabiRblinggh Medresninatt fonh ¥epbhdktdrcofipbhdnng t he
openi ng; and faorm ng solder within the opening and al ong the sol der-wetting
material, “PRETYBE:der filling the opening and extending fromthe first

el evational level of psﬁ%.ﬁ%s%amlc%h@lﬁct&fco @n&mpelaﬁm})omt hmngscmm.de

el evational |evel of th posi ng second o} onent. 2.

met hod of cﬁaﬁnﬁbbmmemeiMV@haddmpm@hﬁ%mgamdmﬂhmsgsamn@ebvmbmawemﬂamAmD and

CvD. 3. The t hgd of ¢l ai wherein the depositing conprises one or both
of ALD andh%ﬁﬁFQQﬁﬁoﬂﬁé?@?L the depositing utilizes multiple cycles which

individually forml esmitdan openi@ualicH extakRWntitelfhohgh bR Edrisdnemmtirr i al .
opening accordingly extending from the first side of the component to the opposing
second side of the component, the opening having sidewalls;

depositing a first material along the sidewalls of the opening, the
depositing being conducted at a temperature of less than or equal to about 200° C

plating a solder-wetting material within the opening and over the first
material, the solder-wetting material only partially filling the opening; and

forming solder within the opening and along the solder-wetting material,
the solder filling the opening and extending from the first elevational level of the first

side of the component to the second elevational level of the opposing second side of the

component.

2. The method of claim 1 wherein the depositing comprises one or both of
ALD and CVD.

3. The method of claim 1 wherein the depositing comprises one or both of

ALD and CVD, and wherein the depositing utilizes multiple cycles which individually

form less than or equal to about 10A of the first material.

4, The method of claim 3 wherein the first material is formed to a thickness

of at least about 100A.

5. The method of claim 3 wherein the first material is formed to a thickness

of from about 100A to about 300 A.
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4. The nmethod of claim3 wherein the first material is formed to a thickness
of at |east about 100A. 5. The nethod of claim 3 wherein the first nmateri al
is formed to a thickness of from about 100A to about 300 A. 25 6. The

met hod of claim|l wherein the conponent conprises a sem conductor nmateri al
wafer. 7. The nmethod of claim| wherein the conponent conprises a
nmonocrystalline silicon wafer. 8. The nethod of claim| wherein the opening
has a | ength through the conponent and a maxi num di nensi on orthogonal to
the length of less than or equal to about 100 m crons. 9. The nethod of
claiml wherein the first material is an electrically- conductive material.
10. The nmethod of claiml| wherein the first material conprises, a netal
nitride. 11. Thé& net H8&msthodiofictaim wesrein eraqEnPperd ComREIsafe MRS s
essential | y, pfidwafgtal nitride. 12. The method of claim| wherein the first
material consists of a netal nitride. 13. The nethod of claim| wherein the
first material conprises one or nore of titaniumnitride, tungsten nitride,

tantalun1nitrid? andg?afni manitride. 1ﬁ. Qe}pe hod of Ch1i%B| ﬁher%in t he
first material donsiof& S o oy T onaerst e SIPEIYUniCOPHI®r i%de,
tungst en nigidnodgstaflmdisalcomwardrr i de and haf ni um nitride.

8. The method of claim 1 wherein the opening has a length through the
component and a maximum dimension orthogonal to the length of less than or equal to

about 100 microns.

9. The method of claim 1 wherein the first material is an electrically-

conductive material.

10.  The method of claim 1 wherein the first material comprises a metal

nitride.

11.  The method of claim 1 wherein the first material consists essentially of a

metal nitride.

12. The method of claim 1 wherein the first material consists of a metal

nitride.

13. The method of claim 1 wherein the first material comprises one or more of

titanium nitride, tungsten nitride, tantalum nitride and hafnium nitride.

14.  The method of claim 1 wherein the first material consists essentially of

one or more of titanium nitride, tungsten nitride, tantalum nitride and hafnium nitride.

15. The method of claim 1 wherein the first material consists of one or more

of titanium nitride, tungsten nitride, tantalum nitride and hafnium nitride.
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15. The method of claiml| wherein the first material consists of one or nore
of titaniumnitride, tungsten nitride, tantalumnitride and hafniumnitride.
26 16, The method of claim 1l wherein the plating is electroless plating. 17.
The nethod of claim 16 wherein the solder-wetting material conprises

ni ckel . 18. The nethod of claim 16 wherein the first material conprises a
nmetal nitride, and further conprising activating the netal nitride with one
or both of Hf and Pd prior to the electroless plating. 19. The method of
claim 18 wherein the activating the netal nitride forns a |ayer conprising
one or both of Hf and Pd over the netal nitride, and wherein the |ayer
conprising one qt bo of Hf. and.Pd has .a . thickness of fromabout 1 mcron
to about 7 ni cﬁgns.trgﬁ.me’ﬁk}?g ‘ﬁé@‘HB V{S\?er%flH\erﬂl%@%%lfgfﬂesrsﬁéaﬂlnﬁyer conpri si ng
one or both of Hf and Pd has a thickness of at |east about 5 mcrons. 21.
The nethod of claim1 further conprising form ng a conductive-materjal pad
over the first dide dhetprhebahelentlo whdenes sperwattoganatagali @mmsisered

through the. gpnductive-material pad. 22. The method of claim 18 wherein the

plating of the solder-wetting material is conducted at a tenperature of
fromabout 59 C. to about 64 C. 27
18.  The method of claim 16 wherein the first material comprises a metal

nitride, and further comprising activating the metal nitride with one or both of Hf and Pd

prior to the electroless plating.

19. The method of claim 18 wherein the activating the metal nitride forms a
layer comprising one or both of Hf and Pd over the metal nitride, and wherein the layer
comprising one or both of Hf and Pd has a thickness of from about 1 micron to about 7

microns.

20. The method of claim 19 wherein the layer comprising one or both of Hf

and Pd has a thickness of at least about 5 microns.
21.  The method of claim 1 further comprising forming a conductive-material
pad over the first side of the component, and wherein the opening is formed through the

conductive-material pad.

22.  The method of claim 18 wherein the plating of the solder-wetting material

is conducted at a temperature of from about 59° C. to about 64° C.
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