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s This application is a continuation-in-part of 
United State1!3 Patent Application Serial No. 08/979,192, 

. filed November 26~ 199'7 i t:itled "IMPROVED .TARGET, FOR us~. IN 

=;~~:~::::ftaF~:1:t:t!ZAirOlf 
10 MANUFACTURiNG AND USING SUCH TARGET'' and of Uni t~'d States 

Patent Application.Serial.No. 09/272,974, filed- March 18, 

1~99, ti'tle'd "IMPROVED COPPER TARGET FOR SPUTTER· 
DEPQS.ITION°·. 

15· FI'EjLP .OF THE. -rNV&NTrof\f 

20 

The pre·se:r:it inve~tion relates g~nerally ·to metal 
film deposition "and more pa'rticularly to an improved coil 
for reducing defect generation during metal film deposition 
within a high density plasma deposition chamber. 

BACkGROQND.OF· THE INVENTION 

Metal films are used widely within s·emiGoilduc:i:or 
integrated circuits-to make contact to and between 
semiconductor devices {i.e., metal interconnects). Bec;:tuse 

25 of the high densities required for m9dern integrated 
circuits, the lateral dimensions of interconn~cts, as well 
as the lateral dimensions between interconnects, have shrunk 
to such a level that a single defect can destroy an entire 
wafer die by shorting a_ junction region or open-circuiting a 

30 gate electrode of an essential semiconductor device. Defect 
reduction within interconnect metal films, therefore, is an 
ever-present goal of the semiconductor industry that 
increases in importance with each generation of higher 
density integrated circuits. 
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v~a. PbYs~~:{~tt;i0~r~:~~etJ~~;~~~~~!jj7!!~$4• .. 
density plasma (HD:E>) depo_sition, within a plasma chambe.r ... 
Irr both processes i a target of . to-be-deposited material 

s (e.g., the. metal. comprising the intercoruiect) is s:pµttered 
t~rough, · en~~ge~:ic · ioil bd~atd~nt. t~t d.$~-Io'd:g~s . a~oins fr9m . 

·. · ·····~~~:~;~:a!t~:~~~fE!~!~~S~~~:.· ... ·.·.···· 
:io - . 
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sUbstrate substant-ially perpendicular to the target face and 
substantially perpendicular to any feature basep:tes$nt·on 
the sl.ibstrate(e.g~, al"lowirig for improved filling of via;:S 

20 and ot:het~ suJ:'fade · fe'atur~sf. Wher~.tn~ :dail: :is· iocated: · 
internally of the chall!her, the coil i tsetf. is. ; sput tered.i cind 
dislod~ed coil atoms travel to the substrate disposed below 
the coil and·deposit thereon. Sputtered coil atoms 
predominantly coat the substrate near its edges and, where 

25 the target atoms create a center thick film on the wafer, 
enhance the _overall thickness uniformity of the material 
layer formed on the substrate. The material properties of 
an HDP coi~ therefore play an important role in overall 
deposited film quality.· 

30 -As described in parent applications, U.S. Serial 
No. 08/979,:192, filed November 26, 1997 and U.S. Serial No. 
09/272, 974, filed March 18, 1999 ,. both aluminum target 
manufacturers and copper target manufacturers conventionally 
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focµs ~n. the, purity·'of s:Piitt~ri)::ig ta~g~t:~ td red.tic~· d1fect . 
densities or' t~ ot~~i'Wise.~f~ect'qepbs~tiqti ~f hi§h~ali~y· 
metal films. Simil.ar emphasis is placed on the purity of 

coils employed in Ht>P deposition chambers (e.g., HDP 

5 deposition chambers typically employ a target and a coil 

having similar puri~y leveis).. :Howev~r, 4ef!pit:e ·.high ptirit;:y 

levels for· 1:1·oth t~rgets and .coils, the '_d~fect ~en-s'itie~ _·of 
ccm:Verttiqna~ 1$1,l g~p·(?~i'teci. tn~fal ·, f i·ltds rema1~-"11:i$.'b .. 

10 

Accordi~g-iy, a ne~d·exists for a·coii for use 

within· an. HoP depos~tion cbainber that produces metal films 

having reduced defect densities. 

sUMMARx. OF THE ·.INVENTION . . . . . . . .. . . . . . . ··~ . . . ~. ~ . .. 

The .~t:eserit ±:iivento:r;s have discqy~r~d .th~t ht ... ·· 

15 addition to ·t~r~e.t' J?i:ir±ty, other fabtors ·a~e of' sigrtif~c.a.nt 
itijportance ·to defect reduction·as recognized and described 

in parent applications, U.S. Serial No. 08/979,192, filed 

November 26, 19·97 and U.S. Serial No. 09/272,974, filed 

March 18, 1999. These other factors must be ·considered.to 

20 reduce defect dens.ities during· pfasma deposition as the 

puriity of the targ:et alone does not assure adequate metal 

film quality and high device yield. 

Specifically, it has been found that in addition 

to target material purity, the following target material 

25 parameters have a direct affect 9n defect generation during 

sputter deposition of metal films: dielectric inclusion 

content (e.g., target material oxides, nitrides, etc.), 

porosity (e.g., non-conductive voids due to gas trapping 

during target formation), grain size, surface roughness and 

3 0 hardness . With respect to aluminum targets, control of 

dielectric inclusions is _of primary importance for 

controlling aluminum film quality. Reducing the 

concentration of dielectric inclusions such as Al20 3 within 

3 
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an aluminun.r target can·:d.ec~ease 9erta:in a~~dep9.sdt~cl pr "_in- -

fi+m" det-ect- c:iensities · Ce ~9'~ ·, - s:Pl.at · d$IJ;sit:ies> ·bY: µp t.o ·five 

fold. With respect-to cqpper targets, increasing the 

hardness of a copper target is as mlich a factor in defect 

s reduction as rec;luced dielectric inclusion concentration. 

10 

N~mely, a ce-rta:iri· hai-Qries~ +ange for. the. cqpp.er · tCi;t;get .·is 

requir-ed. to p;r:oy~d.e: ·#~~ :·copp·er:-t~tseti· :with· _·silffi~ie·~t 
rtieohanf6al/ei~C:tric!af st·:f;e#gth td p!J:;_eyent lOCailize·d : · 

mechanical breakdown, ancf thus e:f~cti_on of a relative"iy 

ilif~~ ;"' · g·teitte+ .than a few· micronei piece of target material, 

during plasrna_proc~ssing . 
... : ... -~- ··~· ...... · i .. 

For·liol?.deposi.tionprocesses; the pres~nt 

inventors have discovered ~hat de;fect. reCiuctio~ result$ wP.en 

a .. eO-il" .(e_~ g ~ ; -. a;l.utniJ,iufn or.- coppe~-) h~~ · m~~e:i;iai p~tam~t~rs. 
15 s1trii1~r _.to 'th.e.-abo~e:· d~s:C'r:iJ:)'ed: targ.~t. fiiat~n;:d. parameters 

·. . . . ·. .. 

(e.g., reduced dielectric· inclusion concentratiori, 

sufficient hardness, etc.}·. Also, it has been found that 

thermal cycling can cause the coi1 to move sufficiently tci 

disconnect it from· the terminal or feedthrough through which 

20· it coJ,lhec;:t$·· to its. power sul?J?ly or to short circuit the coil 

through contact with another chamber strudtur·e· such as a 

shieid that supports the coil. Thus, to prevent a coil from 

electrically disconnecting or short circuiting following 

repeated depositions (e.g., due to repeated e:Kpansioii and 

25 contraction caused by thermal cycling), the thermal creep 

rate and mechanical strength of the coil must be considered. 

As used herein, thermal cree~ rate refers to the time rate 

at which a material changes shape due to prolonged stress or 

exposure to elevated temperatures. 

30 To control the thermal creep rate and strength of 

a copper coil, the coil's grain size preferably is reduced. 

For example, a copper coil's grain size preferably is 

limited to below 50 microns, and most preferably to below 25 

4 
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microns. The.sm~iler the grain si:lie, the lower the thermal 

creep rate and the greater the strength of the copper· coil~ 

The preferred thermal creep rate, strength and grain size 

are achieved by limiting the copper coil's purity level to a 

s level of ·less than 99. 9999%, preferably within the range 

from 99.995%to 9.9~-?99·9!t' (e.g., ~ess pure thaI1 previoils:f.y 

believed necessary)~ Thi~ overall.J;?Ut'ity·level•range_is 

maintained whi1'¢ the concentration_lev~ls Of impurfties·that 

adversely affect a copper coil's thermal creep rate and 

10 strength are _reduced (e.g., antimony, arsenic, bismuth, 

hydrogen, ox:Ygen,_ sulfur, etc.}. An aluminum coil's thermal. 

c~e·ep rate ·and strength.pri~rily are. controlled. by alloying 

(.as is known in .·.the art) . 

By thus .·control ling · th~ · dielect:r;.ic· · inc:J.us i6Ii · · 

1s content, porcYsity, grain· size,· s·urface roughness, thermal 

creep rate· and strength of a coil, defect generation during 

HDP deposition may be decreased while the risk of the coii 

becoming electrically disconnected or short circuited during 

processing is reduced~ 

20 Other obj:ects, features an:d advantages of the 

present invention, as well as . the structur·e of various 

embodiments of the invention, will.become more fully 

apparent from the following detailed description of the 

preferred embodiments, the appended claims and the 

25 accompanying drawings. 

BRIEF DESCRIPTION OF THE.DRl\.WINGS 

The present invention is described with reference 

to the accompanying drawings. In the drawings, like 

30 reference numerals indicate identicai or functionally 

similar elements. Additionally, the leftmost digit of a 

reference numeral identifies the drawing in which the 

reference numeral first appears. 

5 
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F:t:G. lA is a sid~ cUag~rammat"ic ·il:Lus~r~tion, in ·. · .. 

section, of the pertinent portions"of a high density plasma 
sputtering chamber configured in accordance with the p::cesent 

invention; 

· FIG. lB is a top plan view of the coil and shield 

of FIG. lA; 

FIG. lC is·· a· close~up .vfew df the feedthrdug~s ··.a:Q(l 

coil ·of FXG. 1·a; 

FIG. lb is a close-up view of the feedthroughs-of 

10 FIG. lB electrically disconnected from a conventional. coii; 

FIG. l~ is· a c;tose-~p -Yiew ot" a c::up and pin that· 

15 

couple the coil and shieidof ·FIG. is; 
FI~. · 1F is a c-~ose-up view of a conventional coil 

short · circuitecf to· the sh~eld <:?£ FiG:. l:B·; arid 

FIG. 2 ·is a . g:r'.aph of the:rinal c:teep rate· versus .· 

applied stress· for a 99·. 99% pure copper coil at 600°C and at 

700°C, and for a 99. 9999·% pure copper. coil at 600°C and 

100°c. 

20 DETAILED· PF,lSCRii?TtoN· OF· THE · PREl"FERRED EMBOPJ;MEN;TS· · 

FIG. lA ie a·side. diagrammatic illustration, in 

section, of the pertinent portions of a conventional high 

density plasma (HDP) sp_uttering chamber 100 configured in 

accordance with the present invention. The sputtering 

25 chamber 100 contains a coil 102 which is operatively coupled 

to a first RF power supply 104 via one or more f eedthroughs 

105. The coil 102 may comprise a plurality of coils, a 

single turn coil as shown in FIG. lA, a single turn material 

strip, or any other similar configuration.-- The· coil 102 is 

30 positioned along the inner surface of the sputte~ing chamber 

100, between a sputtering target 106 and a substrate 

pedestal 108. Both the coil 102 and the target 106 are 

6 
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fo~k,r 'f·roin t:P.e t:C,~:oe~CieJ?e>·s~t.¢~f matei:ial: (e.~:·9~, . ·coppet";: 
alu~ii'lttm; · e'f¢. ) .· . ·· .. 

The substrate pedestal 108 is positioned in the 

lower portion of the sputter±ng · chaml:'ier 100 and· typically 

s comprises a pedestal heater (not . shown} !or el~vating the 

11:pper_ 
10 port;:iort·. bf the. sp'i,i~tering ·c:nattibe.:±'. lop s<» a.s t9 tc:tce the 

S:\lb~trate rec~l:V:ing ~U~f ace Of the ~l.U;i~t;r'~te ·:,pedest'°~).· 'lb°S. • . ,· 
A cooi·~ng ~;~tem ,11;. Is c6iipled. .. ~o the ada:ptet·, l·io -~ilcf 

delive~s .~~:l:~~~<i~~~~~~;~ ·;~!~it•~nciii4~sc.~····· 
15 v.a,cuum cham}je{:t: :~Ii.c1o$'ur~ Viail f1::~( ba,,iri~(~:~. i~as_t ·ahe gc;ls .. 

mlet l.16 cou:Pieci·. tO a ga:s solirce · 1ia :and having a-n e~a1;1E3t 
outlet 120 coupled to an exhaust pump 122 (e.g., a cryopump 

or a cryoturbo ·pump).· The gas source 118 typ1cally 

comprises a pltj.ralitY of proca·ss:ilig. gas· $·our~~s 11aa, :i1ab· 

20 such as a source of argon,· helium ari.d/ot nitrog~rt. 
processing gases may be e~loyed if desired. 

-; .... 

other 

A removable shield 124 that surrounds the coil' 

102, the target 106 and the substrate pedestal 108 is 

provided within the sputtering chamber 100. The shield 124 

25 may be removed for cleaning during chamber maintenance, and 

the adapter 110 is coupled to the shield 124 (as shown) . 

The shield. 124 also supports the coil 102 via a plurality of 

cups 126a-e attached to, but electrically isolated from the 

shield 124·, and via a plurality of pins 128a-e coupled to 

30 both the cups 126a-e and the coil 102. The coil 102 is 

supported by resting the coil 102 on the pins 128a-e which 

are coupled to the cups 126a-e. Any other known methods for 

supporting the coil 102 may be similarly employed. The cups 

7 
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126a~e arid ~h.e "pin·::1 128a·-,e ,·co~:ri:se the ~ame materic:ll" as. the 
coil .. 102 ahd the target. 106· ·ce~g'~, copper or alumiitumr and 

are electrically insulated from the shield 124 via a 

pluraiity of insulating regions 129a~e {e.g., a plurality of 
s ceramic regions) . The structure of the cups 126a-e, the 

pins i2a~-¢· ~ncj the ·:i.nstiia-t:i;ng ·regibns :t2S.a~e .. ate desc:rrih¢4 

furtl1;e:t bel.o~ with refe:rieri6·~ to FIGS· .. ·o~·.Bf: ... -... bl··~aF_··.k··.:e···.·-~·-./···'·TO··· .. ·Uh· :.te· .. sl···.~a'·.··m~ .•. : ... Pt·:···.ts·.:'.e_•·•.~1 .. · .. 31.· .. ·.no.,: ... '9.: 

ohamb:er 100 a}sq .· iJ::l.cI~qea . a plut~Jity 
located between the·sh.ield 124.and the charilber encl6sur~· 

10 wall 114 ~ for bak±ns-otit the sputtering chatriber 100. as is 
kriowrt in the art. 

.•:: ,·· 

The sputtering target 106 and t:Q;e substrate 
pedestal 10·0 :are· e;L.ectricat,lly _isolated from the shield i.i4. 
The. shi~ld·. 124 may· be gro~4e'd·· .s~ th.at. a nega~~ive voit?ge_ 

ts ("'1ith :respect to gr6unde2f shield'i24} ·may be··appiied. to the· 
sputtering· target 106 via a first DC ~mwer supply 132 
coupled between the target 106 a·nd ground, or may be floated 

·or biased via a second DC power supply .133 coupled to the 
shield 1·24. Addition~lly, a negat:i.ye bias may be applied to. 

20 the substrate-pedestal 108 via a second RF power supply 134· 
coupl:ed between the pedestal 108 and ground. A controller 
136 is operatively coupled to the first RF power supply 104; 
the first DC power supply 132, the second DC power supply· 
133, the second RF power supply 134, the gas source 118 and 

25 the exhaust pump 122. 

To perform deposition within the sputtering 
chamber 100, a substrate 138 {e.g., a semiconductor wafer, a 
flat panel display, etc.) is loaded into the sputtering 
chamber 100, is placed on the· substrate· pedestal 108 and is 

30 securely held thereto via a clamp ring 140. An inert gas 

such as argon then is flowed from the gas source 118 into 
the high density plasma sputtering chamber 100 and the first 
DC power supply 132 biases the sputtering target 106 

8 
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negatively with respect to.the stibstratepedestal 108 and: 

the shield 124 . rn :t~sponse to the negati·ve bias, argon gas 

atoms ionize and form a plasma within the high density 

plasma sputtering chamber 100. An RF bias·preferably is 

s applied to the coil 102 via the first RF power supply 104 to 

increase the density· of ionized argon gas atoms within the 

p1asma and to ionize. target atoms sputtered froin'the target 

1,06 · (as d~scribed below)' . 

Because argon ion:s have a positive charge, argon 

· 10 ions within the plasma are attracted to the negatively 

biased sputtering target 106 and strike.the sputterii).g 

target 106 with sufficient energy to sputter target atoms 

from the target 106. 'i'he RF power appli$d . .to the coil 1·02 

iri:creases the 'i'dnizati'on of the. argon atoms';. and, in 

15 cG>mbina.tfon with the coupling of the coil .power to the 

region of argon and sputtered target atoms, results in 

ionization of at least a substantial portion of the 

sputtered target atoms. The ionized, sputtered target atoms 

travel to and deposit.on the substrate 138 so as to form 

20 over time a continuous target material film 142 thereon .. 

Because the sputtered target atoms are ionized by the coil 

102, the target atoms strike the substrate 138 with 

increased directionality under the influence of the electric 

field applied between the target 106 and the substrate 

25 pedestal 108 (e.g., by the first DC power supply 132). The 

second RF power supply·134 may be employed to apply a 

negative bias to the substrate pedestal 108 relative to both 

the sputtering target 106 and· to shield 124 to further 

attract sputtered target atoms to the stibstrate 138 during 

30 deposition. 

In addition to target atoms, coil atoms are 

sputtered from the coil 102 during deposition and deposit on 

the substrate 138. Because of the coil's proximity to the 

9 
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waf~r',s ·edge the sputtf!rea: ~¢il ~toms· pre4oinin.~j:l.tly .... cioat t::he . 
subst.rate" 13il nea:r i·ts edges arid·,_ whe·~~: t~e fl~·t :tar~~t. · .. 
atoms tend to deposit a center thick layer, result in· 
overall uniforrn:l.ty of the· thickness of the_ film 142 

5 deposited on the substrate 13~. Following depositio!l, the 
flov.r of gas: to th~·. h;l~h (i~rtsity plq.Elth.a E(put;t¢ring chamber 
.10-0 ·1$: h:ai:te~~, · ~11_ 1;>ia.~es< (~~g~, tats~t,: J,:>ea~:~·t9-1 :~ria .. eoi:IJ 

.:·."·. 

:::t:~!:~e=~a::,::~t:!::!i:::::ri±o!~biOVed i;;Pin ~h~ .• ·· . 

10 ·. ·Ideally, .the f~lm 142 deppsit:ed c>I:i .the· substrate 
138 is. highiy uniform ·an~ .d~fect ·.free .. · Howeve:t", . *s 

. · . ."'·. ···' : .. · .. :· .... :: . 

descril:>ed i-li parent appl~cations ·u.s·. serial ~o. oS/979, 192, 
filed N.o~efi19·~r 2·6, · 1~·97 · ~11d u_. s·.· serial 1'10 .• 0·9121~, 974; 
.:fil~d :~a.J::ch 18·, 1.9-~9~·.· ·a. sii.];)~ta~t-..j,al nti~er ~6~ b .. 1o})s: ··9r · . 

. is ·ap1~ts .o! ~arg~t· ~ateria1 .d..·.e·: ·~ _·splat ciex·~e:t.s. or spl~ts> .· 
.appe~·r within· films formed by sputter d~posfti6n. wh~n: a. 
conventional sputtering target is employed." High density 
plasma deposited fi;J..ms exhibit similar splat defects when 
conventional coils and/or conventional sputtering targets 

2·0 are et:nployed. 

Splat defects are bel°feved to result from arc-­
induced localized heating of· a target-or a coil that melts· 
and liberates a portion· of the target/coil material.' The 
liberated target/coil material travels to the substrate 138, 

25 splatters thereon, cools and reforms, due to surface 
tension, as a splat defect in the deposited 'film 142. 

Splats are very large (e.g., 500 µrn) in relation to typical 

metal line widths (e.g., less than 1 µml and affect· device 
yield by shorting over two or more metal lines. It is 

30 believed that ·up to 50% of the in-film defects produced in 
current interconnect metallization schemes are induced, 
splat-type defects. 

10 
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The· pref3ent inventors h~ve discovered. ·th~t the· 

following target/cq~l. material parameter~have a· direct 
affect on splat generation: 

1 . 

2 . 

the number of dielectric inclusions such as 
target/coil material oxides (e.g., Al20 3 for 
alµm,im,.t;m targets a.x:td coils, CuO for copper 
target:s and do:iis; . etc~.) i 

!~~1t~ii~~~~1i~~~~~~~~s ~e 
formation) ; 

3. the grain slzeof the target/coi~ ~terial;. 

4. 

s. 

,. . . .. ·· 
the surface rougl;lriess of the target/coil; and 

the mechanical st:rength or hardness of the. 
_targ~t/co±-i. 

As · desk::ribed in· par~nt application, · u. s. Seri-al No. 
00/979, 19.2, filed :November 26, 1997, with regard.· to aluminum 
targets, control of the number of dielectric inclusions is 
of primary importance for reducing splat formation (e.g., 

25 all other ca.uses create a minimal number of- splats as 
compared to. those caused by dieiectric inclusions) .. Duririg. 
HDP deposition of alUtrtinum~ control of the number.of 
dielectr.ic inclusions within an aluminum coil is of primary 
importance for reducing splat formation due to the coil. 

30 Other aluminum target and aluminum coil manufacturing 
parameters may be controlled less stringently without undue 
risk of significantly increased splat formation. 

As described in parent application, U.S. Serial 
No. 09/272,974, filed March 18, 1999, in contrast to the 

35 mechanical properties of aluminum targets, the mechanical· 
properties (e.g., mechanical strength/hardness, grain size, 
and surf.ace roughness) of copper targets play a very 
significant role (in addition to dielectric inclusions) in 
splat formation. Mechanical properties have been found to 

11 

. . •... ___ ...: ... ~..::.....:: .. :~.-· 



~·· .. · 
~· 
::-· 

: .·· 
·,·-.: 

=,:. 

·,. ·. 

.;·· 

:· . 

... --~ :._ :."_,.:.; ... :,;.:_;~~;:;:;__;; ... ;.:· .: ···~ ... :· ·,· _; ... _:3i .•. ::; .. :.:::.-~~-:.:.;; •.•. ·~ • .. ...:....;. .• ·: • .;,:: • ..,: ___ : .. ; •.••• - :...---·-·--·-··-··-- ·:·.-;~~::...~-

. . :· .... ·. :-". 

This;Sheet·Has Been.Rep.laced 

-:1111111111111111111111111 

play a similar r9le i:n sp~at forrtiatfon :with re~ia~d to. c{>pp~r ·· 
coils- us~d. during. HOP · deposition bf ci·opper .~ 

Accordingly, to reduce arc-induced splat formation 
during plasma processing within an Hi:>P dep9sition chamber, 

5 any target {e.g., aluminum, copper, etc.) and any coil 
erriployed. prefera]:)ly liave the folilowi:qg. proper.ties : - a 
reduced number Qf dielectric inc;I.usioris I, ;riQ~ ~pq:r:qsi·ty , (e • g·. I 

,·feJ voidi3' ,and.' lit~Je,-·, e~t::r:appecf'gas)., ''Cl:tid ,g(?od m¢cha~Jcal .. · .. 
properties {e.g., high' strength or hardness,· s~all ·graiD. 

' ' 

io si'ze anci little surface roughness) . The significance each 
factor plays in Sl'.>~at fo~tion, .· howe~er,. · depe':µ.ds on the 
target/coil material in qU:estion. 

F.or ;ins~ance, · aluminum target/¢oi1 material 
typically' comprises an aluinirtum· al,lqy ·sµ¢h:.aS" AlC\1'' 

15 ~t~ical~y l'ess th~n 0. 5% Cu) that. when: manti~-~ctured with 
prior art methodologies, has Sufficient mechanical $trength 
and small enough grain size to p~event significant splat 
formation due to arc-induced mechanical failure and surface­
roughness~induced field-enhanced emission. However, 

' ' 

20' al~minum' s primary dielectric inclusion (Al203) is highly 
resistive a.nd charges easily when exposed·to a plasma 
environment. Therefore, 'splat formation due to dielectric· 
breakdown and secondary electron heating is common in 
aluminum targets/coils. Accordingly, decreasing dielectric 

25 inclusion content (rather than improving mechanical 
properties) within an aluminum target/coil is the primary 
mechanism for reducing splat formation during aluminum film 
formation. 

With respect to reducing splat· ·formation during 
30 · copper film deposition, improving the mechanical properties 

of a copper target/coil is as important as decreasing 
dielectric inclusion content. Because copper target/coil 
material is highly pure copper and not an alloy (i.e., it is 

12 
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. · not: pu·:rp9.$ef1J:+ l;y.,. allpyec;i ,· w;i.:tl;f. ~:. ~-~C()P,(l material) I . tbe . . .. · . 
hardness of tlle copp~r t.arg~tl c&ii ·materi~J is d~¢tc1t:ed by 
the intrinsic hardness Gf copper and any impurities within 
the copper. 

s copper is naturally a soft metal, and copper 

ta.rget;:/ coil· mat~r.i~l }Jecomes_· spJ:_teJ; ~~- t.h~: pti~it:y :Leye1- :of · 
· u11e · ~t~:r::i.al :iµc:r~ctf:ies··i ... ~4.~t:;fqtia1·~-y, .. £h:~:::.9r.ai:n si'~·e : 6f: 
· t1he'::_coI>P:er : birget/ cC:>t~. ·lli~#~?r~:L Inci.'~~·eir ·w.rt:h ,·lh9'.t~~:id~~~ . 
ptirity. Accordingly, the pres'~nt invento:i:s hav~ di~cov~red 

10 tfo:l·t: above a ~eita;in pttrity l~vel, ,splat fo:tmat'ioq .. duri·ng 

15 

::::af:~:z::~t~::1::!U:::y1:~::z:::u~:!s17tZ~~e~ 
.· f.ield-enhanceci .emise.iiori) with inci::eas,ing lev~Ts -of . copper­
. targe.t:/ co:i;1 inclt~pi.~l . purity •. 

Furth~r, the ma:in di¢.J,ec-tric inci.4$.foh ~ithin .. 
copper· Ce .g., c~o) , is n6t as· highly resist-iire as Al20~. 
CuO, therefore,· is less susceptible to charging at the· 
inclusion to: metal· int:erface region, dielectric breakdown 

. . . . 
and secondary electron heating than is Al~03 I . and splat 

2 o formation due. to di.e·lectrid in-cl us ions is less pronounc~ci­
for coppe;r targ.et;.s/coils. Nonetheless, splat formation can." 
occur during use of copper targets/coils due to· CUO induced · 
.charging at a cuo inclusion to metal interface region, 
dielectric breakdown and secondary electron heating and 

25 control of dielectric inclusion content within copper 
target/coil material remains important to reduce these 
effects. 

With regard to the coil 102, in addition to the 
above described properties (e.g., reduced dielectric 

30 inclusion content, porosity, material grain size, surface 
roughness, etc.), thermal creep rate of the coil 102 also 
must be considered. Specifically, the coil 102 should be 
provided with sufficient mechanical strength to reduce the 

13 
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thermal creep rS;,te .of the c¢il·1P~ fo'a:v~lue:tha:t. prevents. ··.'., .... 

elec~rical · d:l~c~nnefoticm of the ct;il lo~· from the 
feed,throughs 105 or electrical'shorting of the coil 102 due 
to contact with the shield 124 foliowihg repeated 
depositions with~n the.chamber 100 as described with 
re.feren:C:e to FIGS.~- 1:8-1-~:. · 

. . ~ 

· FIG iB ·· • · : . t · ·'I · : • · ·: ·£ ·.t .. ·h. ·e.·····c .. :·.o .. i.:_ l l.:·.'"'···.-_2_ ... · .. c.·_o'-.:.-.u·.·p··_1 ..... ·:e.d .... ·.·. · ··. · . :~ ·:·. J,l:J __ a .·OP, p:· :~n _view c::> .·. y 

to: t;]ie shie:td···:.t-2·4 ·.vi~ ·_t~e· .oujp.~ ,a46·a_;e a.:na ·:f~~: pl;J:l•$ i:2:aai~;~: 
The cups 1.26a-"e and the pins i2·sa-e a:r~ electric·ally 

1.0 isolated" f roni th~ shield i24 via: the .·±nsulafi.~$ regio~s 

15 

. . 

·129a~~ .· · .The :f ±rat <RF ~c6w~r. s\ippiV ·104 ~s poul;>led: f.~: :t;he 
coii 102 via ci:' .fi;rst fe·edthrbush "1h5a and via. a ·sec6nd. 
£.ee·¢ithrougli" .iQ!:ib ·.as- shown~·· . i ·c1o·si~:u'.P-.¢f.· th¢:· coiirie¢tioh . •. .. ... . , ...... 
betwe~n the,. ~e~d,tb;-<;>t;L~h.'f3.'.1p·~:a., --iO'.$.b.·~~(:t<t4.e ·¢a:t::( :io_~ £.·$_ :_ 
shown i:n FIG·~ · it i · ani:;i a·.·~ ¢J.6$e...;up: -of·· t:he · cG>nne·o:tion .· betwe·en. 

,· ' the coil 102 · and .. the· shieiq i24 (via: the cup· 12·6a, the pin 
12Ba and the insulating re·gion 129a) is shown in FIG. lE. 

., . 

If a coilvent~onal coil lC>".2 I is employed within the·. 
deposition C.harilber 10:0 I fbi1c:i:w-·±:ng repeated· . .depositions 

2-0 . witbip the. chatbber 100 I tl:ie coil l0-2·l may di~conr:i:ect. froni .··. 
either the ·first fee·dthrough· 1osa __ or the s~cond· feeQ.tli:tough 
lOSb' as shown in FIG~ lD. The coil 102 1 also· may be short 
circuited through contact with the shield 124 as shown in 
FlG. lF. Electrical disco:t.mection of the coil 102 1 from 

25 either feedthrough lOSa, lOSb occurs due to therrilal creep 
induced movement of the coil . away from the f_eedthroughs 
lOSa, lOSb that is driven by· the thermal cycling of the coil 
102' that accompanies repeated depositions. Thermal creep 
induced movement of the coil 102' toward the shield 124 

30 similarly causes short circuiting of the coil 102'. 
However, by reducing the thermal creep rate of the inventive 
coil 102 {as described below) thermal creep induced movement 
of the coil 102 away from the feedthroughs lOSa, lOSb and 

14 
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towar<;i the shi~l<i · i24 is S.ignif icantly rediJ.c~d S.O that 

eiectri,cal di'sconne·~.tion and. short circuiting ·of the' coil 

102 do not occur and the coil 102 primarily maintains the 

position shown in FIG. lC and FIG. 1E. 

5 As previously described, aluminum targets/coils 

typically are -fortrie4 from a_ o. 5% coppe·r/99:. 5% alyrrtintim -~ll6y 

that has sU:·fficierit tit~obani-c~l 8:t;rep~t}l ~*d a' siricili E!Ii~ugh ·. 
grain .size to :I?r~verit . signif ~canJ~ ~echfl:nib.a-lly ·f:nduc£~(( s~iat 
forinatit>:ri. Likewise, the thermal creep rate of alloyed 

10 alulnimirn c-oils typically -is low enough to prevent electric;al 

dis.conriectio~ o:i: an aiuminum coil 'from the feeCith~otighs 105 
or· e-lectrical shorting of the·· alu~irium · c~il ·due to · cbntact 

wi~h the shiel_(.l 124. fc;>llowins repeated HDP. depqs::i.tfons ... 

Acc<;)rdingly; the .. ma:i,n concern with- alum·iriuin- . .-dq·;(~s ·. i~ det~bt 
geiierati,on'; 'and ~he '"p·ref·~rred aluminum 'co"il material .. is ''the ·. 

same as the preferred alumlrtum target material descr'fbed·in 

parent application, U.S. Serial No. 08/979,192, filed 

15 

November 26 I 1997. sp·ecifically I for aluminum deposition 

within the HOP dep0sition chamber ioo, the· coil 102 

20 preferably has one. or more· of· the characteri·stic·s listed in 

TABLE 1; and most preferably in TABLE 2. All other. aluminum 

material characteristics described in parent application, 

U.S. Serial No. 08/97~,192, filed November 26, 19·97, may be 

employed for the coil 102, and the coil 102 may be 

25 manufactured as described therein or by any other known 

techniques. 

TABLE 1 

. PROPERTY .. PREFERRED RANGE 
Dielectric Inclusion Content, less than about 5000 
where such inclusions have inclusions per gram of coil 
widths.of 0.3 micron or more material 
Hydrogen content less than about 0.5 ppm 
Carbon content less than about 10 ppm 
Oxygen content less than about 10 ppm 

15 
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(2--00> · ·t'E!xttiied· material · 
(111) t~tured material 
Hardness 

Sur:f ace ;rqughneSl;J _ 

. . .· ... ···. ·'· . . . '·. ~ .. ·.. . ... 

. ·_·,·. 

·: . . • . 

. ..,. .. · .· .... ·:· ..... ·.· . : : .· .. ~··· : .· :.: .. .· . : . . .. . 

less than about 3% 
greater than about 50 . 
(Rockwell scale) 

TABLE .. 2. 
. . ·.. . ·..... .... ····· .. ···· .. ,.· .... 

micron 
(200) textured inater.ial gre~ter than 75% 

· (li°l) textured .tria.ferial l~ss ·than about .1% 
Hardness· grea.te.r ·t.:qan abou-t so 

{~ockwell seal~>- ... 

ahput .. o ~ 5\. cµ · h'Y .. w~:ight 
Alioy_ precip;itat~· 'size: les'ef. than :about 4 mi'crons 
Other impurities less than about 5 ppm 

unlike aluminum coils, copper coils are much more 
· 5 susceptible to electrical disconnection and/or short 

circuiting because copper is naturally a soft metal and thus 
has a larger thermal creep rate. Accordingly, as the purity 
level of a copper coil increases, the likelihood of thermal 
creep induced electrical disconnection and/or short 

10 circuiting increases. 

FIG. 2 is a graph of thermal creep rate versus 
applied stress for a 99.99% pure copper coil at 600°C (first 
curve 200) and at 700°C {second curve 202), and for a 

16 
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99. 9999.% pur.e copper coil at 600°C (third cur'Ve 204) and at 
700·oc (fourth. curve 206) . With reference to ·:Fr('.;. 2·, for a 
given applied stress level, the thermal creep rate. generally 
increases with copper coil purity (e.g., thermal ·creep rate 
may be reduced _by reducing copper coil purity) because the 
mech~mical strength of the coil decreases as copper purity 
increases. 

AC:cording1y., to l;~dtiq~ s.plat formation -. ~nd. ·thermal 
creep during copper filtn deposition, a copper coil° is . . 

·' 

1 o provided ·having both increased mecheinical strength .Ce. g. , 
hardness> and decreased.inciusion content. _spec;:i:E:i.cally, a ... : .... ::- . . . :,;. - ·:: .... ·. 

copper coil is prbvided having a hardness value great·e·i than 
about 45 Rockwell· a·s . the pre~ent inventors have dl;sco~ered 
tha·t .6opp·~r . coils h9-ilitig har.dn:es"ses gr~·~·tei; than. about 45 

15 Rockwell. produce far ·~ewer splats thari" so:fter copper· coils 
and do not electrically disconnect or short circuit 

20 

following repeated depositions. 

To control hardness, the grain size of a copper 
coil preferably is decreased. Grain size is decreased (and 
hardness increased) preferably by limiting copper coil 
mater.i,.al purity to a I.evel of le~s than 99. 9999%·, preferably 

. . within a range between 99.995% to· 99.9999% copper. This 
purity range is significantly less than the purity level of 
many commercially available copper coils, and is in stark 

25 contrast to the industry trend of using higher and higher 
purity copper coils. 

Copper coils having purity levels in the range between 
99.995% and 99.9999% can have hardnesses greater than 45 
Rockwell if· prope~ly manufactured (e.g., employing the 

30 manufacturing methods described in parent application U.S. 
Serial No. 09/272,974, filed March 18, 1999). 

TABLES 3 and 4 contain pref erred and most 
preferred, respectively, copper coil material parameter 

17 
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ran9¢s :for reducing spl.at formation and ... tP:ermci1 creep· ·auring 

· p1d$ma processing; although a ·purity b~ve!.of iess th.an 

99.9999% copper is specifically contemplated by ·the 

inventors.· 

... ' . ." ... 

•. ·Puz;~ ty ;revel . 
.:· .. ·: .·.. . . .. ·····. 

Ars.eriic· . content 

Bismuth content 
.. · .. . . 

Hydrogen content 
. '.;; ...... ' .····' .· 

Oxygen· cori:tent. 
,·."; .... ·· .··.· ... 

Su~fur cont¢nt· 

Metal· grain size 

(200) textured material 

· (111) textured material 

·Hardness 

$urface roughness· 

Other Impurities 

Purity level 

Antimony content 

~rsenic content 

Bismuth content 

Carbon content 

Hydrogen content 

Oxygen content 

Nitrogen content 

TAB!iS·3 . . ··'. . . . .. .. ~· · . 
. : . ··' . · ... · ... ": .... · :'· . ~ '· 

. ·99·!~!!fs·%··. to ~.9·. 9~'9~i%' · 
..· · .. · • .. ·:"·:::_.- · ..... :=·: ·.:. ·· .•..... : 

Less· than about. o.o3 ppm 

r,.ess than about · l . o ppm 

Les·~· th,a~: a:~:>o~t. 5 ~ 0 ppm. 
• .... ·, .. · ... 

Less. than about 1 ~ o ppm . 
-. . · ......... · .. . 

Les's than about so nd .. cron 

Greater than 50% 

Le·ss than about 3 % 

Greater than 45 (Rockwell 

scale} 

Less than about 20 micro-inches . 

Less than about 10 ppm 

TABLE 4 
" 

99.995% to 99.9999% 

·Less than about 0.03 .PPm 

Less than about 0.03 ppm 

Less than about 0.03 ppm 

Less than about 1.0 ppm 

Less than about 1.0 ppm 

Less than about 1.0 pp in 

Less than about 1.0 ppm 

18 
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Sul-fui.cqn~ent ·r;ess·t:he).n.ab6ut o.os·ppm· 
Metal graihsi'ze ':t.ess .. than about ·2.$ micron 
(200) textured material Greater· than 50% 

(111) textured material Less than about 3% 

Greate~ than 45 (Rockwell scale) 
. . -·: .•. 

Le's$·. than apoli;t -- s-. O micr(;)..-inches 
-~ . . . ·.. . .· .... 

· otner Impurities ·.Less· t·han aboUt 10. ppm· 
. . .. ·. :' .. 

A copper coil hardness greater than 45 Rockwell 

~rovides- adequate· iocaiized nta.teri-al strength and immunity 

against· rnechap.ical fracturing to reduce·- splat fo:;rmat"ion 

5 during copper film deposition and a small enough thermal 

creep rate to prevent_. electrical d:i..sconiu~ctidn and short 

·circuitin~:t qf the c·opper c6i1 · following :r:epe-a:ted 
<lepo'Sitions . This hardness range. preferably is achieved, by 

limiting graJ,.·n size to less than about 50 microns (TABLE 3} 

10 and preferably to less than about 25 microns {TABLE 4) . 

This grain size range is achieved via selection of the 

purity range o·f 99. 995% to 99. 9·999%. 

Minimizing oxygen incorporation with the. copper 

coil material is very important for reducing metal oxide 

15 dielectric inclusions such as· CuO. Further, limiting 

nitrogen and carbon content, while less important, reduces 

metal nitride and metal carbide inclusions, respectively. 

. Impurities that adversely affect mechanical 

properties of a copper coil include antimony, arsenic, 

20 bismuth, hydrogen and sulfur. Antimony, ~rsenic, bismuth 

and sulfur reduce copper coil hardness through interactions 

at copper grain boundaries. Sulfur, for instance, readily 

forms CuS at copper grain boundaries which renders a copper 

coil brittle and susceptible to arc-induced mechanical 

25 failure. Accordingly, reducing antimony, arsenic, bismuth 

19 
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and sulfur.content inc;:reases.CO}:')per coil mechanical 

strength., and can ieduc~. splat fortnation. 

Hydrogen is highl¥ mobile in copper and embrittles 

copper by combining with copper oxide to form water (H20) . 

5 Additionally, trapped hydrogen forms voids during · casting of 

the copper coil. Redtj;cing hydrogen· content, _th~refore, 

reduces splat format,fori _by red:u_cing arc-induced mechani-cal 

:failure and field-ennanc~d-emis--sion due to gas· trapping. 

Other common impurities within copper coil 

10 material include metallic impurities. such as aluminum, iron, 

magnes.ium, silver and zinc. These metallic impurities 

usually are the highest concentration impurities and thus 

are the primary factors controlling grain size and hardness 

mf the ·copper coil·. There-fo·re, one or more of the ttietaliic 

15 impurities should. be present in the range of approximatel::y 

100 to sooo ppm to maintain the purity level of the copper 

coil material within the range of 99.995% to 99.9999%. 

Metal working techniques such as forging, rolling 

and def arming a·l ter the texture and hardil,ess of the c~pper 

20 coil. As known in the art, post-work. metal texturing of at 

least 50% {200). texture and less than 3% (111) texture 

enhances uniformity of physical vapor deposition arid is 

preferred. 

Finally, providing a copper coil with smooth 

25 surfaces (e.g., less than 20 micro inches, more preferably 

less than 5 micro inches) reduces the number of sharp 

protrusions on the coil's surfaces so as to reduce field­

e~hanced emission induced splat formation during copper film 

deposition. The smoothed surfaces should be ultrasonically 

30 cleaned prior to use to reduce arc-inducing surface 

contaminants that can otherwise permanently roughen the 

smoothed surface (e.g., via arcing during burn-in}. 

20 
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With referenqe to· F;tG;; 1, d~positiop; of a· copper 
.,..-: .. 

film having a substantially reduced in~film d•ifedt (e .. g., 
splat} density is performed by:. 

1. providing a copper coil 102 and a copper 
target 106 having one or more properties in 
accord~~ce with TABLE 3 and/or TABLE 4; 

2. p+,acing the· substrate 138 on the pedestal 
1o·a; 

3. bi·asing the target· 106 relative to the shield 
124 and pedestal 108; 

4. applying R·~ power to the coil 102; 

5. 

6. 

.. . 

introducing-argon irtto the shielded ·~egion of 
the chatnber.ioo so as to prqduce a.plasma 
therein;· and . 

-ffia,inta:ining the plasma ·until. the des-J.r~d 
. thiqkness ·'for the copper fiitn is formed . on 
the subs.trate 13 a . 

Preferably about 1-3 kW of power is applied to the target 

25 106 and- 1-3 kW of power is applied to the coil 102 (most 

preferably 2kW) during copper deposition. A similar process 

maybe. performed.for the deposition of an aluminum film 

having a· substantially reduced in-film defect density, if an 

aluminum coil and· an aluminum target having one or more 

30 properties· in accordance with TABLE 1 and/or TABLE 2 are 

employed·. ... .. 

Primarily because the copper coil 102 and the 

copper target 106 are harder than conventional copper coils 

and targets and have fewer .dielectri·c inclusions, copper 

35 films deposited using the copper coil 102 and the copper 

target 106 have significantly ·fewer in.:..film det"ects than 

copper films deposited via conventional copper coils and 

targets. Further, the cost of depositing copper films is 

reduced as the copper coil 102 and the copper target 106 are 

21 
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less expensive to manufacture than theu~tra:high purity _copper coils and targ~ts typically errtployed·. 
The foregoing description discloses only the preferred embodiments.of the invention, modifications of the above disclosed apparatus and method which fall within the scope of t:he inve:qt:ion will be read~;i)Y apparent· to. those 6£ ord:inary s-~il 1 iJ:l the? art • For instanc~, · ltrtHting ~he· ·· 

. . . 

pttrity ~ange of copper col.l material ±s.t.he·preferre!d'trtethod. for increasing copper coil strength and reducing thermal . 
. creep rate. However, it may be possible to alloy a copper coil having a purity level higher than 9·9. 9999% while still • • • • • 

,. ·. • ••. i maintaining adequate copper coil hardness ahd stnali grain · size. Further_, various manti£~cturing methods may l::>e employed to· ach;ieve one or more of the desired ranges set 15 forth in TABLES i-4 • 

Accordin:giy, while the pres'ent invention has be~n disclosed in connection with the pref erred embodiments thereof, it should be understood that other embodiments may fal1 within the spirit and· scope of the invention as defined 2 0 by the following claims. 

22 
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THE r:tM!::tti'!ON: CLAIMEJ)_ IS: 

l. A. high- density plasma- chamber comprising: 

a coil disposed between a sputtering target 

5 and a substrate pedestal; 

a- fe¢dth:r:oughcoupled' to the coil and adapted 
to· supply electrical power -ther~to-;-- and 

a· -support fiJU~po:r:ting- the coif; 

wherein the coil has.one or more material 
10 characteristics se;Lected to reduce in-f-ilm defect densities 

of a film ~armed during sputter deposition within the 
chainber and is characterized by a materiai strength 
suf-ficieiit to preven:t at lea·st one o"f e·lectrical 

disconnection of the coil from the :Eeedthroi.igb. "and short 
- --

15 circuit--ing- of the coil due to contact with the support 
following repeated depositions within the chamber. 

2. The high density plasma chamber of claim-1_ 
wherein the coil- comprises a copper· coil characterized by a 

20 hardness greater than 45 Rockwell-. 

3. The high density plasma chamber of claim 1 
wherein the coil comprises an aluminum coil characterized by 
a homogeneous content of .about 10,000 or less conductivity 

25 anomalies per gram wherein each conductivity anomaly within 
the about 10,000 or less conductivity anomalies is a region 
having a width of at least 1 micron and wherein each 

conductivity anomaly defines an insulative or high 

resistivity region, high resistivity being at least 100 

30 times greater than a corresponding electrical resistivity of 
an anomaly-free representative portion of the aluminum coil. 

23 
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4 ~ A copper cc:>il fC)r use. in a high' d~nsity 

plasma deposition chamber cha:ra-cterized by: 

a hardness greater than 45 Rockwell. 

5 5. The copper coil of claim 4 further 

characterized by a srain ~ize of less thari 50 microns. 

6. The copper coil of cla<l.m 4 further . : 

characterized by a surface roughness of les·s than 20 micro 

10 inches. 

15 

7. '.J.'he copper coil of claim 4 further 

characterized by more· than 50% material having (200} texture' 

and less than 3%.material having ci11) texture~ 

a . The c·oppe·r coil of claim 4 further 

characterized by: 

a grain size of·less than 50 microns; and. 

a surf ace roughness of less than 20 micro 

20 inches. 

9. The copper coil of claim 4 further 

characterized by a grain size of less than 25 
.. 

microns. 

25 10. The copper coil of claim 4 further 

characterized by a surf ace roughness of less than 5 micro 

inches. 

11. The copper coil of claim 4 further 

30 . characterized by: 

inches. 

a grain size of less than 25 microns; and 

a surf ace roughness of less than s micro 

24 
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12. The copper coil of claim 4 further 

characterized by a purity level between 99.995% and 99.9999% · 

and at least one of: 

an anti~ony, an arsenic and a bismuth content 

each of iess than o·. 03 ppm; 

a hydrog.en. content o.f less than · 1 . o ppm; 
an oxygen content of le;ss than 5. 0 ppm; and 

a sulfur content of less than 1.0 ppm. 

13. The copper coil of cla:im 4 further 

characterized by a purity level of less than 99.9999% and at 

least one of: 

an antimony,· . an arsenic and a bismuth content 

each of less than 0.03 ppm; 
a hydrogen content of less than 1.0 ppm; 

an oxygen content of less than 5.0 ppm; and 

a sulfur content of less than 1.0 ppm. 

14. The copper coil of claim 4 further 

characterized by a purity l~el between 99. 995% and 99·. 999.9% 

and at least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 

a hydrogen content of less than 1.0 ppm; 

an oxygen content of less than 1.0 ppm; and 

a sulfur content of less than 0.05 ppm. 

15. The copper coil of claim 4 further 

30 characterized by a purity level of less than 99.9999% and at 

least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 

25 
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a hydrogen content of less than 1.0 ppm; 

an oxygen content of l'ess than l.O ppm; and 

a sulfur content of less than 0.05 ppm. 

16. A copper coil for use in a high density 

plasma deposition chamber characterized :by: 

a grain size of· less than ·so microns. 

17. The copper coil of claim 16 further 

characterized by a grain size of less than 25 mi.croils. 

18. The copper coil of claim 16 further 

characterized by a surf ace roughness of less than 20 micro 

inches. 

19. The copper coil of claim 18 further 

characterized by a surf ace roughness of less than 5 micro 

inches. 

20~ The copper coil of claim 17 further 

characterized by a surface roughness.of less than 5 micro· 

inches·. 

21. The copper coil of claim 16 further 

25 characterized by a purity level between 99. 995% and 99. 9999% 

30" 

and at least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 

a·carbon content of less than 5.0 ppm; 

a hydrogen content of less than 1.0 ppm; 

an oxygen content of l.ess than 5 . O ppm; and 

a sulfur conten~ of less than 1.0 ppm. 
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22. The copper coil of claim 16 further 

characterized by a purity level less than 99.9999% and at 

least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 

a carbon cqntent of less than 5.0 ppm; 
a hydrogen content._ of less than ·1.0 ppm; 

an oxygen: content: of less than 5. o ppm; .and 
a suifur content of less than 1.0 ppm. 

23. The copper coil of claim 17 further 

characterized by a purity level between 99.995% and 99.9999% 

and at least one of: 

an aritititony, an arsenic arid a bismuth content 

each of less than o. 0·3 ppm; 

·a hydrogen content of less than 1.0 ppm; 
an oxygen content of less than 1.0 ppm; and 

a sulfur content of less than o.os ppm. 

24. The· copper coil of claim 17 further 

characterized by a purity· level less than 5?9.9999% and.at 

least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 

a hydrogen content of less than 1.0 ppm; 

an oxygen content of less than 1.0 ppm; and 

a sulfur content of less than 0.05 ppm. 

·25. A copper coil for use in a high density 

30 plasma deposition chamber characterized by a purity level 

between 99.995% and 99.9999% and at least one of: 

an antimony, an arsenic and a bismuth content 

each of less than 0.03 ppm; 
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a hydrQgen content q:t; les~ ·. tl!~~ l . o ppm; 

ari oX}'~n content of less thah·~.o J?ptn;and 

a sulfur content of less than l.O ppm. 

26. The copper coil of ciaim 25 further 

characteriz~d by at l~c;ist bne of: 

an· oXygetl c:c>!lteht: -o"f .·less thar.i ;i. ~-o ppm; a:b.d 

a sul:fur· ·corite:Ot qf. less than. 0. o·s :Pptn. 

27. A copper coil for use.in a high density 

plasma deposition chamber characterized by a purity level 
less than 99.9999% and at;: lea·st one of: 

and 

an antimony I an ars·eniC ~Ild a· bisTliuth COnte·nt 

e·ach of. les.s. th:an 0:~03 .pptri; 
a hydr~geh"content of less_ tha~- i.o ppm; 

an d:Xygeri content of less than 5.0 ppm; 

a sulfur content of less than 1. o ppm .. 

28. A method of .producing a copper film having a 

reduced· in-filtn defect level eompr.ising: 

providing a substrate; 

providing a copper target; 

providing a copper coil between the substrate 

25 and the copper target, the copper coil characterized by a 

30 

hardness greater than 45 Rockwell; and 

sputtering the copper target so as to deposit 

a cqpper film on the substrate. 

29. The method of claim 28 wherein providing a 

copper coil further comprises providing a copper coil 

characterized by: 

a grain size of less than 50 microns; and 

28 
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a surface roughness of less than 20 micro 

inches. 

30. The method of claim 28 wherein providing a 

5 copp_er coil further comprises providing a copper coil 

characterized by,: 

10 

15 

20 

inches. 

a grain size of less than 25 microns; and 

a surf ace roughness of less than s micro 

31 . The method of claim -2 8 · wherein provid_ing a 

copper coil·· further comprises providing a copper coil 

characterized -by a purity level between 99. 995% and 99. -9999% 

and at least one of: 
~ . . . 

an. antimony, _an arsenic and a _ bismut~ cc;mtent 

each of less than (J •. 03 ppm; · 

a hydrogen content of less than l.O ppm; 

an oxygen content of less than s.o ppm; and 

· a sulfur content of less than -.1. o ppm. 

32 .. A semiconduc.t.or device fabr:Lcated by the 

method of claim 28. 

33. A method of producing a copper film having a 

25 reduced in-film defect level comprising: 

providing a substr~te; 

providing a .copper target; 

30 

providing a copper coil between th.e · sub.!3trate 

ap,d the copper target, th~ copper coil c;h.arac.terized by: 

a grain size of less than 50 microns; 

a surface roughness of less than 20 

micro inches; and 
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a purity level between 99.995% and 

99.9999% and at least one of: 

an antimony, an ·arsenic and a 

bismuth content each of less than 0.03 ppm; 

s a hydrogen content of less than 1.0 

ppm; 

an oxygen content of less than 5.0 

ppm; and 

a sulfur content of less than 1.0 

10 ppm; and 

sputtering the copper_ target so as 

to depo.sit a copper film on the substrate . 

... 34. · TP,e method of cl.aim .33 .whe:r:ein providing. a 

15 .·copper d"O:a:l fu:i:ther comprises· providing a copper coil 

oharacte~±:zed by: 

20 

a grain size of· less than.25 microns; 

a surface roughness of less than 5 micro 

. inches; and 

a purity level b~tween 99~995%.and 

.9:9.9999%-and at least one o·f: 

· ari. oxygen content of ·less than 1 . o · 

ppm; and 

suJ,.fur content of less than 0~05 

25 ppm; 

30 

3.5 . A semioortducto::i;- device formed by the method 

of claim· 3 3 ·. 

36. A meth~d of producing a copper film having a 

reduced in-film defect level comprising: 

providing a substrate; 

providing a copper target; 

30 
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providing a copper coil between the substrate 

and the copper target, the copper coil characterized by: 

a grain size of less than SO microns; 

a surface roughness of less than 20 

5 micro inches; and 

10 

a purity level less than 99.9999% and at 

least one of: 

an antimony, an arsenic and a 

bismuth content each of less than 0.03 ppm; 

a hydrogen content of less than 1.0 

ppm; 

an oxygen content of less than s.o 
ppm; and 

a EJ.ulfur content of less .than l~O 
. r 

· 1s ppm; and 

sputtering the copper target .so as 

to deposit a copper film on the substrate. 

3 7. A semi.conducto.r device formed by the metho(i 

. 2 o of claim .3,6 • 
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