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SPUTTERI NG TARGETS The field of the invention is sputtering targets for {AW
physi cal wWesno@sposition (PVD). 5 . | ectroni c arei/esmioseaduct or™ -
conponents are used in ever increaj\m === of consuner and conmerci al

el ectroni ¢ products, conmunication nd dat a- exchange products.
Exanpl es of sone of these consumer and*€®W#erci al products are tel evisions,
conputers, cell phones, pagers al mtype organi zers, portable radios, car
stereos, or renpte KGROLS IC%L&{EAJLK’&W@WTMG%mr and
commercial electronics increases, there is also a demand for those sane
products to becone smaller and nore t he consuners and

busi nesses. As a result of the size gﬂﬁlﬂ‘%@um\mﬂm hese products, the
conponenFELDOR THIOINMENTEON he product al'so become smal | er and/ or
‘thinner. Exanples of sone of those conporiéMt® that need to be reduced in

si ze or scal ethelfieid oftle inveattioaliesiuterihg taspétpfor phesica vapatdeposition (PVD).

sem conductor chip conponents, resistors, capacitors, printed circuit or

Wi ring bgards, wiring, keyboards, touch pads, and chip packagi ng. \Wen

el ect orﬁé%ﬁﬂggﬂ% conduct or conponents are reduced in size or scaled down,

any 20 defects that, are present in the |larger conponents are goi-ng to be
exagger at ed i Blectignis and scanisendycionperaprients arerigd in @yepingEseaing sunhers ofgoasumer

Bnacor 4 EhtrctR BEFRRR! dhdelohs o RERRGRANESRend BBY oS, biogds

snal | er Ek£apleodf 6orRé 08 teke colsinter dad chincf@All prbducdd SreCleV R iths d&fn@fiftérs, dell
el ectroni c, sem conductor and conmuni cati ons 25 conponents, the conponents,

t he mat ePhaies pagews, -prdmetifes prgavizens: periable mdinse saresiertes, orgRrinplg cohtrgls. As the
co ents s ld be broken down and analyzed. Electronic,.,sen conductor
and D s e et pots gl FE el el RO oo L S Sl i oss
layers ofanmeir8ihdts fo bezbB sA1Rindrore FBHAble Fbr! tAY Sonstftfefy ArihusinBRegani ¢
materials, polyners, or organonetalliCc materials. The |l ayers of materials
are often thin (on the order of less than a few tens of angstrons in

t hi ckness). 1Asaresuh of theisivp desreaseiin thiese pyadudts, thewompoenentsthat eomyfrisgtheqrodicts,
the process, of formn he | r. - sych as 1 WO 03/ 000950 PCT/ US02/ 06146
phys! cal s bR theR artS Thimbe HirmBias of s BbRGS ORI L need B be
eval uat egdaded, in dizd 68 SédWEdowiBFONRHoelbitrdhid YRibGaterddnvsdtionk, AR nductor chip
deposition (PVD) process, a sanple or target is bonbarded with . an energy

sourle semhpaents, yskistons capagisers, printed cirdyaton wigingiboarsds omisingy keybetrdsdevch pads,
the surr 0%{‘% n .
and chip gackagmg.

When electronic and semiconductor components are reduced in size or scaled down, any
defects that are present in the larger components are going to be exaggerated in the scaled down
components. Thus, the defects that are present or could be present in the larger component should

20  be identified and corrected, if possible, before the component is scaled down for the smaller

electronic products.

In order to identify and correct defects in electronic, semiconductor and communications
components, the components, the materials used and the manufacturing processes for making those
components should be broken down and analyzed.  Electronic, semiconductor and

25  communication/data-exchange components are composed, in some cases, of layers of materials, such
as metals, metal alloys, ceramics, inorganic materials, polymers, or organometallic materials. The
layers of materials are often thin (on the order of less than a few tens pf angstroms in thickness)., In

order to improve on the quality of the layers of materials, the process of forming the layer — such as
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5 atnosphere. The atons that are released fromthe sputtering target trave
towards the surface of a substrate (typically a silicon wafer) and coat the
surface fwoos/n@Isd thin filmor layer of a material. A staRGarBOFWD4¢ ar get
configuration tends to produce "center-thick” and "edge-thin" deposits
because of a cosine distribution of sputtered atons. {see Prior Art Figure
1 and US 5, 302, 266; US 5, 225,393; US 4,026, 787; and US 3,884, 787). Prior
Art Figure 1 shows a conventional PVD 10 arrangenent conprising a, .

sput t er phigsicahvaear deposifien af aanetel asotharivempaied >ghowld hesevalustedednda Eerpssiblom
the sputtering target 10 and travel on an ion/atom path 30 towards the

waf er o RGB&Yr ate 20, where they are deposited in a |layer. Several nethods
‘and devi ces have been suggested to correct a |large cosine distribution of
sputtered at tiBtypitabplgiical vapdepgmiition (AVDY protiefss sampleal tairgdt in boniteardeapwitiar.
.method is to physically 15 place or nount a separate collimator or simnlar
type of ARPRATEYPRUERIUER 8Ma plasmedasss or ipndetmeunilforpeare feleased Hito thesuirpunding

see. Prior t Figure 2 d US. 5 4 587, 4 T L4 | '
oo Snediosphirs: A8 pfoats ARy RissriRap he opiering fifed e OFalR g BRESE ol .,
at | ar ggyaRetee@ypivilly aildtloh Wi Pakd @ at ik Shrfale FoBnihp aigh A offay&®8h hteriaD gl es
to pass and deposit "on the substrate or wafer, which reduces the buil dup on

t he t opstafidartl® Vidiatget cordfiguratioa terals tb produasd'sengertthickt pad fadgerthan” deposits beeanse 20
land in the bottomand side wall, of the coptact, or_via._ Pri | QU 6y 2
Shows. 2°b driseie GREPABYDOS PR EIRTT Gt Tkl TERFS LAHCDS At et oS 2
waf er 0k 794B9hI Bkey dzdl7@Ndng @@@g@mn@ HoF AR Figdhe 1 HRWEa 86fch@oRAPVD
fromthe sputtering target 110 and travel on an ion/atom path 130 towards

t hel@af errangensnbesmprising 26putteting w@rgebh &0 andmwatar er substrae@ dAtoms aré¢weleased from

col limator 140. The atons. that pass the colljmtor, 140 are deposi.t ina
| ayer ofh&SREtGHRGErEst Y8 Bmkiviat of E5ipmidam stk Ao it Walebpt RSeHE 20, whers
target/ . however, significantly increases the expense of
a target %%g%g?ﬁgﬁﬁng%ég'reduces the target |life because atons traveling
at high angles are deposited on the collimtor instead of the wafer, and

t hus, are ef {Seeéralvmbthod@sidedevides hives Pencagsgestedlits correctdi lage@osint Histritution of
requires.a Iar%er target-to-mafer spacing than that in the standard

(col | i mERWtered @ems By geerde deppsiaspnrayadeat meiel Bbn Opepenvlartacthen is fepissicaly

col kk mat.ar.- |

crott qobse B ARGH PEphaldkofitn O BP0 B8 blSotl Mery b ROVEGst b BisShER
PCT/ USO ¥/ afk& lotrGubsttate. ifsde@rior Ard Figurd2 andbiSi 5)409,587; 813 4,022,58§) The delhiasmtdriion
and often causing an undesirable particul ate formation when the deposit

S
flake ofesigned twacduse thevuraber of pretal atomgfyiting thembsiate or waleraifresapales. whtat e
nore uni Y i {.0n| I t . |
T o USSR S LR IE AU L RS R SR orvate,
pr ocess whiéh fedeces the Kuildap o di)top Of thb contRdtane ok, aril ihcie¥gee dedratich at&6me that he
RF Elasna devel op a negative potential with respect to thgggiasna because
of

fe tanghartherbeitdm apd sitle twadl of|the-eanbass of glaathrier Avt Figure2 shqvey 2 perventiqnad s

(e ™o B 3 CORAEHEE RalBEphgl Y hORERY MR £8 o 5Pk

per pendiceingdtbiyt40; N hrisige fobdaséd fromIhelsptdteting MirgettlNo ah@ the¢hoafantibwavanpakt s
or vias and i nprove the bottom and side wall coverage. However, t he 10
pl asma 3PP sevwardstheverfesss sehsitaty 1@8rwhere Sreaterantrei gueaned bwthegplieaier 140. The

i ncrease,in t em,cost,..and rat,ional ,conpl exity. RE pl

cont | guiiHED Rl aa: PRESRSeRERea T E ort e vy AR 8t e
path of atoms traveling toward the substrate or wafer, however, these

et Dods can Reddiesh comietditdy tb ithetarged selistrhieGidédmbilg, lywevae) 8igaifitafiBy idcedased thee
-US 6, 153, 061; US 6, 326, 627; -US 6,117, 281; US S, 865, 969; US 5, 766, 426; US

5, 417, 833penggoba tagetmateriahgnd alsg sedyees thegrset1ife besagse asgms bragelingye highangles
4,500, 4Q9; ,US 4 414, 086;.. US 4, 61Q: 770; d Us.4 629, 548) O her .nethods of

i mrovi A et v te? Pollmas dadedof s BRE e R PR B Rle iR s s
devel opedso,FaddisadTpblEimatdeneyiitdsl a Ehgat tapéictoMpdfer kpdcinpMnah Bk ifleh® sahdaated
that sputtering characteristics of a target could be inproved substantially

by usi ndcallimapsaraehprogessithacsomenadateghe collimpton and o nevabie edllimptorishansdpatierad
t | f the, Equal - | Angul trusi E 0
5590 s daion gl TueliRy, KNS, gy AomiSbiaREPr e oMt B TRt oe o

arcing, long target life, high device yizld, better filmuniformty, and

| ow particul ate. Honeywel | Electronic Material sTM has al so denonstrat ed
that the crystallographic texture of the target can be nodified - in a
non-pattern-formng fashion - to provide collimating benefits. (see US
5,993,621 and US 6,302,977). The self ionization plasma (SIP) has al so been

Y 2 o o b1
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t akes advant age of the advantageous m ni mrum depth arrangenent; b) keeps the
overall cost of the process relatively lowin relation to a traditional PVD
process; WOMMOY0940 | ows t he instrunentati on and appar at us tRETESRIOGI4SI Npl e
relative to a traditional PVD process. 10 SUMVARY OF THE | NVENTI ON The

agi ng behavi or of a standard target suggests that the direction of
sputtered atom; can be control I ed by nodi fying the surface norphol ogy or

t opol ogy n a.st a tar conf.i u t uttered.ato

ai ot r oupedimao e dsghedkic R Eirienay o cBRPraf il ofit rilPine & Shg8

the centgGrihigt eoiniohRehedhSde ﬁseﬂm&rlﬁ?éfﬁe Ebﬂlihfa'tor sutpicOf sputtered at 0”5
than the edge of the wafer. Sputtering targets described herein are

"t opol ogi cal | y and norphol ogically tailored such that sputtered atons

i mpi nge dir eoﬁnqthcmmﬂmdwfmmptingntcacmatprrmvecloiipme depastits iihtet iovize thersmftfesstt |
,the target is designed,.wi.th a b t - tor. Th hol o
bnd. ¢ opdSPap Ry SR RB SR EisnoR b sy e lRBIng Gopized sl plafine ORI rsess.
and/ ar nB&L USS6,856,74%) Br thid Blodsks, m@&ﬁ&s%dfsaﬁa&a i (RO RE pla@hd qevé%p khRgative
target geonetry and topography. Self collimating sputtering targets y
conpr i sepadentiat withabipecttodthe phsmla becmscefiba dighgr mnbﬂitye ofithplelecabnoreldive to the

I nstrunentation used i.n the PVD process and an capabl e of bhein
sput t er VI IPNSp J?lpérheﬁgetewa%@@ attegGedite ey alprg %QH thefireBeicat @?51)

COMPI 5% S ARy P pBRHeE! bl AIEh 3 RS Bl tlarty BRI ST it
oyt 7 pe Fa th ity

material 1S coup e core sur

nat er i al thebyti@e béﬂmlcbntactrs @pvias end 1hq>rs&rthe bbteste mﬁcbdldmkle UV eddgeC H@mecat the RF
conpgsi tion/ conponent, or the el enental makeup and chemnical conposition of
t he Wur fRBENH3RRSFatES anhgpesaing qopditigny Fonipbite F“éél spbstantiahncreaseinsystaaFostand

peri Usoo i pa e e % nAnRebraBL i vE toon ok iR IR tntsto furthr

support ddjust i@ pafiliéfatsrhegadeding @dwad thedlibfratorwaidt, Hew ey sihiete nitghods P&t 18 dest
for the sputtering target. The surface material is that portion of the

target tiahibitiveanddiigul ¢ arange Aed an@ru (ges Y 6,éﬁ§406rb5,§$16,§56é2bd41 06,11 %281;ne

oo LSRRI s RSSO el ol

surfiace STROE82RIUS 3,500a0988 U, M4,086€US 4,610;770; and US 4,629,548)

Other methods of improving the sputtering process to produce more uniform films have been
developed. For example, Honeywell Electronic Materials™ (HEM) demonstrated that sputtering
characteristics of a target could be improved substantially by using a superfine grain size target,
which are produced by the patented technology of the Equal-Channel Angular Extrusion (ECAE®)

20 process (5,590,389; 5,780,755; and 5,809,393). The demonstrated benefits include low arcing, long
target life, high device yield, better film uniformity, and low particulate. Honeywell Electronic
Materials™ has also demonstrated that the crystallographic texture of the target can be modified —in
a non-pattern-forming fashion — to provide collimating benefits. (see US 5,993,621 and US
6,302,977). The self-ionization plasma (SIP) has also been reviewed as a sputtering process that

25  could produce more uniform films. This process utilizes low pressure and high power to promote
self-ionization of sputtered target atoms. SIP requires an extended target-to-substrate spacing, which
creates a long ion path. The long ion path improves a directionality of ion flux but again reduces the
target yield. The extended ion path length results in further increased cosine loss and making it quite
inefficient in target usage. Additional methods include mechanically adjusting the wafer or

30  substrate during the sputtering process (US 6,224,718); masking part of the surface (US 5,894,058;
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sputtering target that conprises at least two intentionally-forned

i ndentations that forma collimating topography or norphol ogy. The self

col | i mat iWQ 030e96kring target is forned by a) providi ng aPaavesomnsigéi al ; b)
providing a surface material; c) coupling the core nmaterial to the surface
material to forma sputtering target; 10 and d) formng at |east two

i ntentional indentations, wherein the indentations forma collimating
topograﬁhy. Auniformfilmor, layer is forned on a surface of a conponent

or in ob§er94%3%0s P, 18 Blvpharaisellipyeatiag thergpprhehyean thetarget and thasurfagg or wafer
o st anclVF S PHS I8 UGG T APE0R TS §loPal Gl (¥ GOMLIBEF B Fheer

“sel fcokhitmEins Bed diitaer 6fahé MOm FUS S[380145H). Witk BRS yeption bEthe BCAPrBtas, the
| east one atom and e) coating the surface with the at | east one atom

_Sput t er pihgr mgthgds requize additient] meelkanicat enrrhismitaheampancatsddbe addsd smthehasie BYD or
production desi.gn t hat oduces, huilds qr otherw se difies electronic,
e LonBUers oA daara R A e Hersgifon snn <od Enge e oL e cbhiaoR Al P g
comuni cati on conponents are generally thought to 20 conprise any | ayered
conponent t hab tlid Bnd)&t widrilH bé 8ékirtabledd pRIdaed 4 PUDGalzesAd targ e sfensboshlyiRagpd

or communi cation-based product. Conponents described herein conprise
sem conthkes advaptagp of theiadeantageppaminimuohdgpiiparsdugginag; brkesas tewverlioostonf the

dielectric co nents of ci.rcuit ard rinted-wry baar.d t ouch pagds,
wave: guPtisSTPREREY Iy BB ARy Dot s SRS P on B
conponeghsaratdiib eRfaf difpf ERH%e W5h REAiA6nd1'PAAS BRIcadsl g a dual damascene
process, ‘and other 25 conponents of circuit boards, such as capacitors,

i nductors, and resistors. BRI EF DESCRI PTION OF THE FI GURES Prior Art Fig. 1
shoW® a conventional PVD target/surface arrangenent. 5 WO 03/ 000950

PCT/ US02/ 06146 Prior Art Fig. 2 shows a conventional PVD target/surface
arrange Wi { £ ate collimator added to the arrangenent. Fig. 3
graphi c 1 nt of the present invention. Fig. 4
graphically shows several enbodi nents of the present invention. 5 Fig. 5

shows a cont ghphgihg BelmRidieA a 8fand 28 Frpd sdegests that el dirdBli bl \6F sptdre@4tbAE can be
target. Fig. 6 shows_a contenplated nethod of formng a uniformfilmon a

sur f ace comyotled | bp nprkfmgrtheanrfiee meghelogyetraepelognof a targeyeln & stpgdaddangsht

the direction of spuitered at an be .10 controlled by nodifyvi t he,

sur t ace CHtERRE e, SOleH L 68 R E e 45l a5 i Odice Zor Byt B, Mlinty
conf § gubadausthe SeHiér18gi8H ofiHRNParsh eigéﬁé?ﬂdéﬁ hiBhe? M GE sRiEr Rl R6:R61Heh Bk Rge of
non-uniformfilm mainly because the center region of the wafer experiences

a hi ghethefwafgr.of sputtered atons than the edge of the wafer, as illustrated
in Prior Art Figure |I. The direction of sputtered atons can now be

lled b di f yi h hol f :
Spoci 1 cal 1y Solirgfiddhs s0Gaes bRE BE AR ety Bl mpRPSRRPATY e hEH 5L
t ai | or egmgteedn dibras irﬁ%ﬁgé @FRely ev 8 a WERrie st dvesddine diyiBlior? THBff&, thetafket
narrow cosi ne distribution as illustrated in Figure 3. Fi gure 3 shows a

cont enplsesigned with p bulyreolimaonpitiesiesitpdanarphalogy and dopogragby cai@ acenmeplished
f bstrate_220. Th t i t t 210 i f

ot 87 1 Py SHGRLRE BB ic IR SiapRe nAE R o Totechfier S PR Ron et

i ntenti gieahlgdt foiBes dnddsigrdpghgns (in this case

Self-collimating sputtering targets may comprise any suitable shape and size depending on
the application and instrumentation used in the PVD process and any component capable of being
sputtered in a sputtering chamber. Sputtering targets described herein also comprise a surface

25 material and a core material, wherein the surface material is coupled to the core material. The
surface material and core material may generally comprise the same elemental makeup or chemical
composition/component, or the elemental makeup and chemical composition of the surface material

may be altered or modified to be different than that of the core material. Also, a backing plate may
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20 m crodi npl es 250). These intentionally-fornmed indentations are al so
formed as a pattern on the sputtering target. As used herein, the term
"patt er n"'WORIMYIShy formation of intentionally-formed i ndRUTAISOYA&I46 hat | s
repeating, arranged or both repeating and arranged. Atons are
"pre-screened” by the mcrodinples 250 that act as a "built-in collimtor",
in that they are bonbarded in such a way that they are nmani pul ated at the
tinme of release to travel a certain_ ion/atompath 230. The atons are

: ] 5
then relksacospledite the peredpatenial tp pEovids iditionad suppgrt to e FWieTiAG target apdialsonteo
t owar ds’ . WA f i,red nor phol ogy and topography
. _can be aﬁggglgg'?ingcf]uggﬁgéﬂﬁ'ﬁ%@gh&tﬁ%%uﬁ%ﬁ]?%g%@ltb di npl es) and/or macro scal e
(e.g., target surface contour) nodification of the target 6 W) 03/000950
PCT/ US02/ 06 14Bhegsuofied mutetiatiistithy portimrof thetatee tiatg epposed torthe dnergycouot etariyo
‘the core material tq Provi de additional support to the,sFutteri ng target

I

and al sdneasupsbianaiet g timsand issofhpdaof theoyeralljgrastmaterial thagisinipngied to produce
Sput teeri t erei.n.c i i £ j.ze
deperial oy G EARLETR BLBtaCLaeC UL Ind BB AR BIEA AL e e
Sput t er i dpatteriig) @irgetC (at @dRiptsed ah @t Awal mfentionglly-foemad Sudémadnebher iféin 260
and a core material 270, wherein the surface material 260 is coupled to the
cor e mateolimptiErigpogreplyseadnemwhelogy. t he term "coupl ed" means a physi cal
attachnment of two parts of matter or conponents (adhesive, attachnent

par cs of ot b CuebiiRe Ut R s A5 AL B AR bR R Rl

and i oni £sified nfaeriad Y cHGIIMRARE cAre hfa@stiab ticthe 8rfAGRAnAl&ial Wifdrfh a sputtering target;
el ectrostatic, coul onbic, hydrogen bondi ng and/ or magnetic attraction. The

sur fldce ansk Bripaning o lessidweontentiona indentapivgs, veeree tes adesiationsfein @ coHinainge
el errentzra?;!o g&lée%p or chem cal conposition/conponent, or the el enental nakeup
and chen’ B3F %R nposition of the surface material 260 may be altered or

nodi fied to be different than that of the core material 270. |In nost

enbodi ment s, Ahifoun Ale ofBdyef iffordfed oandl strfiet dfea eOMBorBat @k iilordefGo form a
conprise the sane el enental nmakeup and chem cal conposition. However, in

enbodi messmepaneaity: axpraviginge selfsollinaatingsputttsing trgettto praviding aswbce;s) peingfhe
life has_epded oy where it is.nmportant to deposi.t m.xed | gyer.of .. .

mt or | i SER g s PR on s PO DR B i s ER R Ee afhaPir hos BEREl Splimating
tailgy edspﬁlﬁeﬁﬂ%’fﬂafgé witd aﬁbﬁé@%’ Sdtirctb T5RNA 1A asTBHEIN Oind & 6Bt B thRPROSIvith B
The surface nmaterial 260 is that portion of the target 210 that is exposed

to the ecsideagyommaipme 20 at any neasurable point in tinme and is also that
part of the overall target material that is intended to produce atons that

are desirabl eqas, & surface coatj.ng.. Further, the.surface nateria 60.i s
that “part of - SRReBaf et fesR R R iy oiomeify PE e GFo (R G Rl ionadn
i ntenti ofhat lpyodueésyeshiidsdenbiterwine mhbdified Advtdniel skinifdhiiidot AR WorRhimis4tion
nor phol ogy. As used herein, the phrase "collinmating topography" is that

part of eampangntsa&lectranisy seicogincior andheonspunicatiomepnipongets agel genetadly thiugbtiol y
i nfl t h i ne .25 di strj.buti . af. i .t hat .t

R o R L A A 2 A LA R L N
f ound Wxﬁnﬁni@&m{ﬁwsb&)ﬁﬁhué‘tpébﬁ@gﬁdﬁ% deddritRl hbt%in%&dpﬁéf&nﬁéc?hdﬁ&tﬁ?éhiﬁ!?Ei?&rit

wi t hout any external factors, such as magnets, chem cal additives or
masks, . bareds, ghiprpaskaging sepdratar shestss tlicletrid ermapoments aff icireib boards, iprihésd-wiringns

that f | 1] t t ] t i . i
i ot r1 bR diel ot AL ENE GIEFD PRET A1 BEOShOGRE R Aok Lo AL rERBsRar
sputteri étﬂn;?cﬂfeﬁﬁ} any thatdrialOHERe t\.l'ﬁf?@eorniﬁhfor?ﬁ?ﬁi?ié & Al daRfabQnS pPrbiss, 3R other

further influencing the sputtered atons.
: 25  components of circuit boards, such as capacitors, inductors, and resistors.

BRIEF DESCRIPTION OF THE FIGURES

Prior Art Fig. 1 shows a conventional PVD target/surface arrangement.
5



WO 03/ 000950 PCT/ US02/ 06146 difference between a conventional cosine
distribution of atons and a narrowed cosine distribution of atons can be
seen in PVO®B/OYNISO Fi gure 1 and Figure 3, as di scussed ear IFCIYUSORO6146
mentioned, at least two intentionally-formed indentations are forned in the
surface material 260 of the sputtering target 210 to create a collimating

t opogr aphy or norphol ogy. 5 Enbodi nents that conprise relatively |arge

intentiognally formed indentations_generally conprise what is referred to as
a "macr BEeRAE Higd showwg eamventignal Bﬁpa@%get'/%&ce suargemept vithaesepyate Godligatey

her ei n 1.lori the target surface in a circular wave contour to
conpensg@g%ﬁﬁggéﬁhaﬁ%%&%ﬁ of a target due to the rotating nagnets in a
‘magnetron sputtering system A nmacroscale nodification 280 (as shown in

Fi gure g, Brriphidallgiheds seahbodiineht @RnepREEN inveation.se rel atively |arge and
.10 intentionally-forned indentations in the sputtering target 210, such

i ndent atj on m ght resenble a_convex or concave |lens Qr a cone. Enbodi nents
that cofijs: &8 yshews several embedipenis ofibg present EWENEOMmI | y- f or med

i ndentations generally conprise what are referred to as "m crodi npl es” 250.
The & er g, ®i i " i I . 2 Lagns t hat
corrpgr i sglgé?sg%‘gﬁ? @ttgﬁl g%atiﬂ?gé’tzﬁg lo?)gc{a ﬂko%%agﬁtg%@?&?&ﬁ?}%‘?ﬁﬂ% %{égégh apes
include a circle (circular), a hexagon (hexagonal), a 15 triangle
(trianghigb)shows 8 qomtemplated methbd afi fbrofinpes utiforrefilnoon 8 sudaght - edged cl osed

| oops, and will have an aspect ratio greater than |:1. Figure 3 shows a
cross-section view of mcrodinples in a sputtering target. Figure 4 shows a
top view of mcrodinples 250 and macroscal e nodifications 280 in a
sputtering target 210. Figure 4 also shows the closed | oop shape concept in

sput t er ipdgahFPBEschiPRAloncONPri se mcrodinples 250. It is further
cont enp nat a sputtering target may 20 conprise both a nacroscal e

nodi fi cation ' [ a1l ' 4 i N
Flgure 4. aro Lorgats oI iRepepstt thd 3he Mol E Spiched Mgydeant
m clodi ophtesiled I mdifying bt euifadi mbrphblogyor 28folagyl ofra aargei. nil e standardmayget
either be formed through a nol ding process when the target is originally
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after it is initial I.%_formad, or vice versa. Mre specifically, as shown in

Fi gur e Sontralled by nfodifying thesurfage momhotasyiand toppgraphy i@ targets Sperdidcally, the surface

i di i al - b)), i di f i al .
(2035 Bioh P bRe iR e dam o2y b e p b i Pa e iy
form a sgvdrl @rvidfer ih%rr&abw&b@h{emx)ibutwﬁ%sdmmt@iﬂmi?xrelseast 30 two

intentional indentations, wherein the indentations forma collimting
t opogr aphy (330}. 8 WO 03/ 000950 PCT/ US02/ 06146 The core material 270 is
desi gned to MFigiredshewppoontemplatedPVI3 arangsmenbeosnrisingrepuiinang torgsb2 1, bnga

2 Car govateh Bt 20 268 shlfite Gleeb 1P R a8 e L RS PG Bl 4
core Maifidrall 220.0TRE SRFAcE 9atérid260 cbbrissiihRhfMal B éd MdefthtidlR POl RS

surface material 260, and a quality control device detects the presence of
cor 80 namdetodimplenR0)i Thebeintpiivpalleformed indentatiangjete abspofoamdd ehe patigraronthe,

t he target, 210, nma eed be renmoved and,r et ool ed. or disc ed al.toget her
becatioe THIEERUTERA AR red e by e TR el Troept Ry IBI e ardpelbabrRgT
coul d b%&ﬁ@bﬁ%&ﬁgr@aﬁ@?%ﬁgﬁ%y&ﬂ%e;‘deaﬁia #d BRhlel A forRdurt e S%esdd" By
surface/wafer |ayer. The core material 270 is also that portion of a

'sput t er ithegmicaodjeipled 250 thed actises ‘budt-imaiimatoe’, mathatthey hre boshiafdaddnisoctsa 289
8:“ ][n o(r: :]1?1?41" %%%@ul&%&%&ﬁ%&@@&qébastﬁg trggerlg c%r?ailrlrflot thr%'paﬁ@o'. sI‘h%%Po%rlsaa!nla y
' 25  then released from the sputtering target 210 and travel on an ion path 230 towards the wafer or

substrate 220. The desired morphology and topography can be accomplished by micro (e.g.,

parabolic dimples) and/or macro scale (e.g., target surface contour) modification of the target
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Sputtering targets 210 may generally conprise any material that can be a)
reliably fornmed into a sputtering target; b) sputtered fromthe target when
bonbar dedvOw3/ae9sher gy source; and c) suitable for form ngca/gsozedi4or
precursor |layer on a wafer or surface. Materials that are contenplated to
make suitable sputtering targets 210 are netals, metal alloys, conductive
pol ynmers, conductive 15 conposite materials, conductive nononers,

dielectric materials, hardmaslc materials and any ot her suitabl e sputtering
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I
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pal I'adi um pl ati num manganese pl ati num manganese rhodi um manganese

rut heni um nickel chromum nickel 25 chfomumsilicon, nickel cobalt iron,
ni ckel iron, nickel iron chromum nickel ixon rhodium nickel iron
zirconium nickel nmanganese, nickel vanadium tungsten titani um and/ or
conbi nations thereof. As far as other materials that are contenpl ated

here| n for sputterl ng targets 210 the foll OWI ng conbi nat i ons are.
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WO 031 000950 PCT/ US02/ 06146 car bi de, chrom um carbi de, nol ybdenum car bi de,
ni obi um car bi de, silicon carbide, tantalum carbide, titanium carbide,

t ungst en WarBONES0 vanadi um car bi de, zirconi um carbi de, al lé@MisMRO6146r i de,
barium fluoride, calciumfluoride, ceriumfluoride, cryolite, lithium
fluoride, magnesium fluoride, potassiumfluoride, rare earth fluorides,
sodium fluoride, alumnumnitride, boron nitride, 5 niobiumnitride,
silicon pitride, tantalumnitride, titaniumnitride, vanadiumnitride,

zi r coni GHfgEencebglaveen A coRyarHrR! cosingdistrifutionpfatams ad pnareed ssisidiggibution of
silicid ' I Sigd e G g ' iLLlgi de. n_silicide,
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nmol ybden seleni d |.ybdenum 15 sul fide, zinc selenide, zing sulfide,
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5, 115, 08 : ; 1 ; si gned | nternational
patent  Pebi 2 3 iete st 7 By chdubeg sl MR B O%a1o5, BHBY kBl FE eS8 g
publ i shedgdpthdt caprigdfilcroainthlésd) 500 M eP Alrthes cotbinfRtITBhE! 4 ShifiteARg ta8et may
silica-based ceggounds, such as those conpounds disclosed in issued patents

US 8022samprisshatin s rapsmscals npslification 28&asd megodimpls 200 Spageringstaegercd(®d} andUs

6140254, ,1JS 6204202, US WO 03/,000950 PCT/ U /06146 62Q8014,,. and

pendi ng4g§;ﬁl ?@é’lr Fgﬁge t&@"éﬁ%ﬁ’fﬂ@ﬁ%t&? HIFOSEH /qcﬁé%a Lon: Ofggfgi{od@@q%%&
09/ 234609, 09/ 37986b, 091141287,, 09/ 379484, 0_9/ 392413_, 09/ 549b59,

09/ 488075, 0¥4&e65281¢, moditicnd 1801 thdorhicredimMdsCIS ARy dieeF BOTevnRY MYough a

reference herein in their entirety and (e) Honeywel | HOSP organosil oxane.
Vaf er omoldipg tnregess 2dennthy tetaspis rginally geeducedios hyuseme phygitdlyorswiethinical

mat eri al art i cul ar sirabl e substrates. 22 uld conprise filns

o1 s, - Biae i, SR dRp L CARL B ST e 13F RrtiBF e ORE Bt sl
pr eper r athdefdatohs BT uld BEmSMbSinthe tatgd) 2¢0 WMEh B8 Sarfet 2  isGAIRaN foBBEARIY (D
arsenide die or wafer surface, a packaging surface such as found in a
‘copper , miftodispplen2 2k ate efeheddnto the target 218adier e initiallyofopmed suriex eersaicMoas
f ound

<111 onaphifiels oA iy Mo 05 suBoSlFaRag saphbie rrfs 210 e pnd wha)

its oxi ; ] ' j ‘ i n
Pl yi e ) B in et 25 OF 8 o
sur f ace magrizd 37Giodhpairface materiat26(te faral ysmittdrsg tatget 200 @20); afidd)ferning at least
enbgdi nents, the suhQstrate 220 conprises..a terial.comon in the ckagi ng
onaSt B ERaT PRGN ee§ Ry G SRR G ors QUi REEIORO STV R0 y ot
15 Substrate |ayers 220 contenpl ated herein nay al so conprise at |east two
| ayers of materials. One |ayer of materi@& conprising the substrate |ayer
220 may include the substrate materials previously described. O her |ayers
of material conprising the substrate |layer 220 nmay include |ayers of

pol ymers, nononers, organi c conpounds, inorganic conpounds, organonetallic
conpo~. ui ds, continuous |layers and nanoporous |ayers. 20 As used herein,
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two portions of a long nolecule, are joined together by a chem cal

I nteraction. Such interactions may occur in many different ways including
f or mat i orWvOf03/800966/al ent bond, formati on of hydrogen bonds PCTiEROHéIdHI C,
hydrophilic, ionic or electrostatic interaction. Furthernore, nolecul ar

I nteraction may al so be characterized by an at |east tenporary physi cal
connection between a nolecule and itself or bet ween two or nore nol ecul es.

Cont enpl at ed yners may_al so conp ise a wde ra ge of functiop
struct ur al B@pp@smatf@aly%m i desfan thRreW&F |SEPR~9§% ke surtage mat g@iﬁé@ &nd to
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may hav éfe/hdas éidedf dei‘EexaﬁxFMH”l 1109 Situbiéd! whereahe ltoft matepar am 30mPrsks Dmaterial
t hr ee- di nensi onal . The ecul ar weight of contenpl ated pol yners spans a
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220 | | bl e f 25
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i ncludi ng tubular, 1amellar, discoidal, or other shapes. It is also
conﬂ@nphmltwﬁlﬂ%ts gmenaﬁylma;foﬂmamstmowﬁmdsmpc ate diameter. It is further
contenplated that at |east sonme of the voids nmay connect vvith adj acent
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nanoneters, and still” nore preferably have a nmean di arre er ofr%?ess than 10
nanonet ewitabld for fcsmﬁng 4 fimal ocpretiengr layes dn B Imfertoh surfesk dilabenaldtbatuand dontemg}ate&

o SBESAS s W AU S Bt B S5 SAE,
03/ 990988 Qf(e'rl%ﬁ&’ieﬁ@ %ﬁﬁd&ﬁ% ﬁﬁﬁbﬁ%ﬁdd@ﬁ@ﬁfc'rﬁﬁeﬂi’eﬁs RarRHsk oGk #ﬂ'aﬂ? ofiet f

colltmating or topologically tallored sputterlngtargets 210 1 nc
si npl i cisniyabld spdésiimgimatenial. rAd wsed hereiry tie, teran tmetal ™ eane didst eiehments thatai-eam tB¢ ep
coverage,, .and | on | ative tar |ife, anong other, benefits.

APPLI CASHIRES Tk PleFk of thabefindic SRt b thss BISGAMRoRlons Waiinae slementp v bete
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nodi fi es el ect &em conduct or communi cat i on/ dat ransfer
conponettose ekehrents rthm ihaye slectraB rﬁilhmg the 3d,vdl, Sdyramd rﬁdmbltabsnsm:mmpdmg rﬁt@mmbeus of

CO%@ i e %ﬁgnetrl isg'g?f?{%@e eﬁlﬁﬁ?ﬁ@ag I{ﬁﬁgﬁg Itgﬁaégﬁ}(}:qgrﬁrgg v agat hav%/ electrons filling
sem Conw4p£nd%91tﬁg s&?&ﬂﬂ%gﬁfﬁ 'n&@feﬁ@ﬁ?ﬂleperlé}‘%fﬁanﬁﬁﬂfggﬂgQ '1&&%1%‘3%8%9" S

conprise mcro chips, circult boar kagi ng, ator ets

di el ect actinidestnPoeferred metals include titanban cslicon; cotatigeoppet, mickh drodszint,oranhdipads,
wave gui des, fi ber optic_and, photon-transport and acoustlc wave transport
c onpone ATEONiwH Al wRinaim andalpminsmrbased H@Fenaﬁ% B TPRIUED, HDcghroyaivey platiaum,
process

nducto Ps i tges’i S@I@P%ﬁ&teﬁl %ol%c{eﬁﬁlht cé}(ﬁﬁ'ﬁ Cﬁbm%ﬂﬁtﬁnaﬁxoﬁﬁ&a&] 4 %lﬁbm%éon

25  thereof. More preferred metals include copper, aluminum, tungsten, titanium, cobalt, tantalum,

magnesium, lithium, silicon, manganese, iron or a combination thereof., Most preferred metals

~ include copper, aluminum and aluminum-based materials, tungsten, titanium, zirconium, cobal,
tantalum, niobium or a combination thereof. Examples of contemplated and preferred materials,
include aluminum and copper for superfine grained aluminum and copper sputtering targets;

30  aluminum, copper, cobalt, tantalum, zirconium, and titanium for use in 300 mm sputtering targets;

and aluminum for use in aluminum sputtering targets that deposit a thin, high conformal “seed” layer
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El ectroni c- based, sem conductor-based and comuni cati ons- based/ dat a
transfer-based products can be "finished" in the sense that they are ready
to be usaMO0H090¥8LSst ry or by ot her consumers. Exanpl es of PUTHis9We@d4€onsuner
products are a television, a conputer, a cell phone, a pager, a pal mtype
organi zer, a portable radio, a car stereo, and a renpote control. Al so
contenplated 20 are "internedi ate" products such as circuit boards, chip
packagi n and keyboards that are potentjally utilized in finished

pr oduct T almapymeRiesuriesiayerdliehrld hapnderindthat e rbease stnd qombinafigps thereof”

pr oduct . rd :

Bevel opre R HeSRcaBR b A% Ao B b PR SATRRA T om Ebr DY AR ety sych oo
may or neypéraiputeiigiarzed wWithadhréhitmagidighmbmonp anpuwdties] o thsdaay e @ Inkentishsid
product, and 25 a prototype may have some_conponents that are constructed

out of comhirdtioa ofaeisls and pthermaisrials hah apke up thesputtering farget.speloas thospiargetser
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conprises: a) providing a self collimating sputtering target 400; b)
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collimating sputtering target 420; d) 14 WO 03/ 000950 PCT/ US02/ 06146
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a surface material 260 and a core materia 2?0, wherein the surface
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i thout  GicomnFPHeL R coBRf G Rk R e Aol ACKol BOF MMM SorPRBaN fron
mat t er, tah@ahed,echmmium siiddontoxidegchremium ehreadivan,cepilt chromhen, £pbali dhrarhivheickel,
appended cl ai irs. .Moreover, in_ interpreting both the specification, and the
cl aidfs, opbelt chuopriupatingny sobalt rgpiipignialiing.icebalt ehyaaaim frmdadig piatingm, eobalt
consi st ] t . i cul " Fis " )
compr 1 Syttt EOFoBA, &t b BRIl Boalt h0F 2SSl SR GRS colipiclel,
20 st epschromiunnneobalknickeliitog, cobahaickel infhicmt cotaltinbebiurh hafiwhesobak aidbium iron,
el enments, conponents, or steps may be present, or utilized, or conbined
with ot Heabalk| mpkinms titagRim oliem tantaligm hrepsup.hBRngAnsst gidiatp meapgpmese palladium
(r:g];ne): Ieglclﬁgnmﬂiﬁ mm&geggﬁﬁ%ﬁﬁ,%1%é¥§rﬂodﬁﬁ&'Iﬁgng:]nes@‘nﬁﬁ)eﬁlfrﬁrrﬁ&gl éh%rﬂﬁﬁn, nickel
25  chromium silicon, nickel cobalt iron, nickel iron, nickel iron chromium, nickel iron rhodium, nickel

iron zirconium, nickel manganese, nickel vanadium, tungsten titanium and/or combinations thereof.

As far as other materials that are contemplated herein for sputtering targets 210, the
following combinations are considered examples of contemplated sputtering targets 210 (although
the list is not exhaustive): chromium boride, lanthanum boride, molybdenum boride, niobium

30  boride, tantalum boride, titanium boride, tungsten boride, vanadium boride, zirconium boride, boron
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a core material; and PCT/US02/06146 5 a surface material coupled to the
core material, wherein the surface material conprises at |east two

i ndent at i WAN3OKLS0 f orm a col | i mati ng t opography. 2. The spr@wesiMgi4bar get

of claim1l, wherein the core material and the surface material conprise the
sanme chem cal conponent. 3. The sputtering target of claim2, wherein the
chem cal conponent conprises copper, 10 al um num tungsten, titanium
zirconium_ cobalt, alumnide, tantalum nagnesium ljthium silicon,
manganes¥ILide.opremivR capRAe; ma%ypémlh@a@g«%, ndobiypcarbides ilipen caripdge taniglum
claim 3, ej: 0 iS5 € r ). e .
£ ¢ o ¥IBbCAnbAF GRIRS NERGGPEREIGSS YpEAREN oA TiftilHen) (BT Humizum
5. The sfwmdride; baiturh Alugeide, chlciunailuoride, vériune flnotide cryodite, litkds fluofide, magnesium

i ndent at i ons_ conprises a 15 macroscal e nodification. 6. The sputtering .
‘target offuqrids; petassivgp Sparide, rare carfitiunsides.sodivm Hyoride; Prmingmp pitdde; baroginitgide.ar
wave Lont.ou: < The.sputt.erjn . Of | i L R . I . £ WO
dert arignn, Btdd SR iflde P Bl et R bbbl fele, A8
target ofitridedichtomiudhsiieide, hivgybdembrt aslicidé) eniobiGmOsilioide S taaeiiih i stlfide titanium
circular closed | oop opening. 9. The sputtering target of claim?7, wherein
the at |sleidednegstansiliciflenyrradiumsilickleszizconira giinisle, dnmiaum pxide appmonngxideo.

The sputtering target of claim1. . wherein the at |east two.indentations.
conpr g a8 kdfhmiaiad bimts S0 Birtuitafte, 38T g B sy
A et hodogfie, (c8pper 8RR, BFhfunt@idé, FRkhésnd Bkiﬁb,%él?ﬂiehﬁlhgﬁlde, ﬁ@ﬁiﬁh‘g‘ehﬁgide, rare
providing a core material; 16 WD"03/000950 S 12. 13. 10 14. 1S 16. 1S
17. 108. @oth1exidgy silk®n~digtidepsitivondmegozidey sthentimmmakislej afront@T tii@eR; dGtalem
coupling the.core matetial to.ihe surface material to form.a utter.in
Car get ; PGWOTER fvRgios, b eRidron AL PO on o, ALTURLS A G ipe dend

mat eri al ytaWhi8reddvitcBRate, lead zirconate-titanate, titanium aluminide, lithium niobate, titanium oxide,

tungsten oxide, yttrium oxide, zinc oxide, zirconium oxide, bismuth telluride, cadmium selenide,
cadmium telluride, lead selenide, lead sulfide, lead telluride, molybdenum selenide, molybdenum

15  sulfide, zinc selenide, zinc sulfide, zinc telluride and/or combinations thereof.

Thin layers or films produced by the sputtering of atoms froin targets discussed herein can be

formed on any number or consistency of layers, including other metal layers, substrate layers 220
dielectric layers, hardmask or etchstop layers, photolithographic layers, anti—reﬂecti\(e layers, etc. In

some preferred embodiments, the dielectric layer may comprise dielectric materials contemplated,

20  produced or disclosed by Honeywell International, Inc. including, but not limited to: a) FLARE
(poly(arylene ether)), such as those compounds disclosed in issued patents US 5959157, US
5986045, US 6124421, US 6156812, US 6172128, US 6171687, US 6214746, and pending
applications 09/197478, 09/538276, 09/544504, 09/741634, 09/651396, 09/545058, 09/587851,
09/618945, 09/619237, 09/792606, b) adamantane-based materials, such as those shown in pending

25  application 09/545058 ; Serial PCT/US01/22204 filed October 17, 2001; PCT/US01/50182 filed
December 31, 2001; 60/345374 filed December 31, 2001; 60/347195 filed January 8, 2002; and
60/350187 filed January 15, 2002;, c) comﬁoﬂy assigned US Patents 5,115,082; 5,986,045; and
6,143,855; and commonly assigned International Patent Publications WO 01/29052 published April

26, 2001; and WO 01/29141 published April 26, 2001; and (d) nanoporous silica materials and

30 silica-based compounds, such as those compounds disclosed in issued patents US 6022812, US

6037275, US 6042994, US 6048804, US 6090448, US 6126733, US 6140254, US 6204202, US
11



I ndentations forma collimting topography. The nethod of claim 11, wherein
providing the core material and providing the surface material conprise
provi di ngWDW8/06®s®e chem cal conponent. The net hod of cl ai RCI2USKMerséi n t he
chem cal conponent conprises copper, alum num tungsten, titanium cobalt,
al um nide, tantalum nmagnesium Ilithium silicon, nmanganese, iron or any
conbi nation thereof. The nethod of claim 13, wherein the conponent

conpri ses_copp al um num  tungsten, titan tantal um al um ni de

er | \ [ caobal t
or B cobBosRIdh R pREding EPPHREONGDNGACHH, OPArATIS 09(kdPs, 0%/36HBhg 0XB 78 1095 t

Wo it . . X . ‘ Ceri . .
macr osc 823385 pbRIBRAE DA 00 T B, (PSETS. B esP MR BB el
two int @o1231apH all pHeHic iroificorporbfee byutfetmes eiet inatheig @ATifatE &5 (&) Honegwall
circular wave contour. The nethod of claiml 1, wherein form ng at | east

two i nt &PSRMargangeidonane ons in the surface material conprises formng at

| east one mcrodinple. The nethod of claiml7, wherein formng the at |east
one m crodi nple conprises formng a circular closed | oop opening. The

met hod of - Cl avafeddp subBIRAS2ID thay SBrfitise 3Ry @dsithbR ShbRiRially SSIRAMERES. POABALTES
form ng a hexagonal closed | oop opening. The nethod of "claim11l, wherein

f or mi ng datirdbteagibstraves 2@ swonldocrmbprise ddms aglasspeeramic, plasticymetekbommttedi métal, or

conprises for.m ng a . nacroscal.ée ificatio n | east one.microdinple. A
et Pod SPPGTATedal i P RHeH PP Umeats e e rec PO NG » SH O ErR AR 1
col |'i mat}-ag: 13 Y &1 ABGsur fALE 8L 'aclPe[gi’rYg Sirf3fe &R U FAERin 4 Co é@%iﬁz%#,‘i’;ﬂ@c%?& old

PCT/ US02/ Uel: 16 pl acing the spurf ce at a distance from F%e selt colli ngatl ng

sput t er ipteged lzadfedme, a@opperdinfapetsheh sxfofmdiml d dircattibogrdsgrphtlenge iigercomgpet tradef &

an ener source to format | east one atom .and .coatjng the surface wth
t he 1t %)é)ag@ﬁ SR &ti @%?nterface (“copper” includes crgnm erations of ba%e copper and ftls oxides), a

polymer-based packaging or board interface such as found in a polyimide-based flex package, lead
or other metal alloy solder ball surface, glass and polymers such as polyimides. In more preferred
embodiments, the substrate 220 comprises a material common in the packaging and circuit board

industries such as silicon, copper, glass, or a polymer.

15 Substrate layers 220 contemplated herein may also comprise at least two layers of materials.
One layer of material comprising the substrate layer 220 may include the substrate materials
previously described. Other layers of material comprising the substrate layer 220 may include layers
of polymers, monomers, organic compounds, inorganic compounds, organometallic compounds,

continuous layers and nanoporous layers.

20 As used herein, the term “monomer” refers to any chemical compound that is capable of
forming a covalent bond with itself or a chemically different compound in a repetitive manner, The
repetitive bond formation between monomers may lead to a linear, branbhed, super-branched, or
three-dimensional product. Furthermore, monomers may themselves comprise repetitive building
blocks, and when polymerized the polymers formed from such monomers are then termed

25  “blockpolymers”. Monomers may belong to various chemical classes of molecules including
organic, organometallic or inorganic molecules. The molecular weight of monomers may vary

greatly between about 40 Dalton and 20000 Dalton. However, especially when monomers comprise

12



5 22. Afilmforned fromthe sputtering target of claim1l. 23. Afilm
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The substrate layer 220 may also comprise a plurality of voids if it is desirable for the

20 material to be nanoporous instead of continuous. Voids are typically spherical, but may alternatively
or additionally have any suitable shape, including tubular, lamellar, discoidal, or other shapes. It is
also contemplated that voids may have any appropriate diameter. It is further contemplated that at
least some of the voids may connect with adjacent voids to create a structure with a significant
amount of connected or “open” porosity. The voids preferably have a mean diameter of less than 1

25  micrometer, and more preferably have a mean diameter of less than 100 nanometers, and still more
preferably have a mean diameter of less than 10 nanometers. It is further contemplated that the
voids may be uniformly or randomly dispersed within the substrate layer. In a preferred

mbodlment the voids are uniformly dispersed within the substrate layer 220,
13
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Sputtering targets 210 described herein can be incorporated into any process or production
design that produces, builds or otherwise modifies electronic, semiconductor and
communication/data transfer components. Electronic, semiconductor and communication
components as contemplated herein, are generally thought to comprise any layered component that

10  can be utilized in an electronic-based , semiconductor-based or communication-based product.
Contemplated components comprise micro chips, circuit boards, chip packaging, separator sheets,
dielectric components of circuit boards, ﬁrinted—wiring boards, touch pads, wave guides, fiber optic
and photon-transport and acoustic-wave-transport components, any materials made using or
incorporating a dual damascene process, and other components of circuit boards, such as capacitors,

15 inductors, and resistors.

Electronic-based, semiconductor-based and communications-based/data transfer-based
products can be "finished" in the sense that they are ready to be used in industry or by other
consumers. Examples of finished consumer products are a television, a computer, a cell phone, a
pager, a palm-type organizer, a portable radio, a car stereo, and a remote control. Also contemplated

20  are"intermediate" products such as circuit boards, chip packaging, and keyboards that are potentially

utilized in finished products.

Electronic, semiconductor and communication/data transfer products may also comprise a

prototype component, at any stage of development from conceptual model to final scale-up mock-up.

A prototype may or may not contain all of the actual components intended in a finished product, and

25 a prototype may have some components that are constructed out of composite material in order to

negate their initial effects on other components while being initially tested.

A method of forming a uniform film or layer on a surface of a component or in order to form
a component comprises: a) providing a self-collimating sputtering target 400; b) providing a surface

410; c) placing the surface at a distance from the self-collimating sputtering target 420; d)
14
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contemplated to be any suitable surface, as discussed herein, including a wafer, substrate, dielectric

material, hardmask layer, other metal, metal alloy or metal composite layer, antireflective layer or
any other suitable layered material. The distance between the self-collimating sputtering target 210
and the surface 220 is contemplated herein to comprise any suitable distance already utilized in
10  conventional PVD experimental arrangements. The coating, layer or film that is produced on the
surface may also be any suitable or desirable thickness — ranging from one atom or molecule thick

(less than 1 nanometer) to millimeters in thickness.

Thus, specific embodiments and applications of topologically modified sputtering targets

have been disclosed. It should be apparent, however, to those skilled in the art that mény more

15 modifications besides those already described are possible without departing from the inventive
concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit of

the appended claims. Moreover, in interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner consistent with the context. In particular, the

terms “comprises” and “comprising” should be interpreted as referring to elements, components, or

20 stepsin a non-exclusive manner, indicating that the referenced elements, components, or steps may

be present, or utilized, or combined with other elements, components, or steps that are not expressly

referenced.
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FIVE, M 10%& ()-!1"" 109%& ()- @10%& ()-3' 10%& ()-M @3' 10%& ()- Mp10% & () -~
34~_@F ! " 1006frfaye mA bR dypldd td AL dre malddial, wherein the surface material comprises at

least two indentations that form a collimating topography.

2. The sputtering target of claim 1, wherein the core material and the surface material

comprise the same chemical component.
3. The sputtering target of claim 2, wherein the chemical component comprises copper,
10 aluminum, tungsten, titanium, zirconium, cobalt, aluminide,' tantalum, magnesium,
lithium, silicon, manganese, iron or any combination thereof.

4, The sputtering target of claim 3, wherein the component comprises copper, aluminum,

tungsten, titanium, zirconium, cobalt, tantalum, aluminide or a combination thereof.

5. The sputtering target of claim 1, wherein the , at least two indentations comprises a
15 macroscale modification.
6. The sputtering target of claim 5, wherein the macroscale modification comprises a

circular wave contour.

7. The sputtering target of claim 1, wherein the at least two indentations comprises at least
one microdimple. |
20 8. The sputtering target of claim 7, wherein the at least one microdimple comprises a

circular closed loop opening.

9. The sputtering target of claim 7, wherein the at least one microdimple comprises a

hexagonal closed loop opening.

10.  The sputtering target of claim 1, wherein the at least two indentations comprises a

25 macroscale modification and at least one microdimple.
11. A method of forming a self-collimating sputtering target, comprising:

providing a core material;
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indentations form a collimating topography.

5 12,  The method of claim 11, wherein providing the core material and providing the surface

material comprise providing the same chemical component.

13.  The method of claim 12, wherein the chemical component comprises copper, aluminum,
tungsten, titanium, cobalt, aluminide, tantalum, magnesium, lithium, silicon, manganese,

iron or any combination thereof.

10 14, | The method of claim 13, wherein the component comprises copper, aluminum, tungsten,

titanium, cobalt, tantalum, aluminide or a combination thereof.

15. The method of claim 11, wherein forming at least two intentional indentations in the

surface material comprises forming a macroscale modification.

16.  The method of claim 11, wherein forming at least two intentional indentations in the

15 surface material comprises forming a circular wave contour.

17. The method of claim 11, wherein forming at least two intentional indentations in the

surface material comprises forming at least one microdimple.

18.  The method of claim 17, wherein forming the at least one microdimple comprises

forming a circular closed loop opening.

20 19.  The method of claim 17, wherein forming the at least one microdimple comprises

forming a hexagonal closed loop opening.

20.  The method of claim 11, wherein forming at least two intentional indentations in the
surface material comprises forming a macroscale modification and at least one

microdimple.
25+ 21. A method of forming a uniform film on a surface, comprising:
providing a self-collimating sputtering target;

providing a surface;
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$U& QF* +, -A 68 Bitfe ting a film formed by the method of claim 21.
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26. A capacitor formed by the sputtering target of claim 11.

10 27. A capacitor incorporating a film formed by the method of claim 21.
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