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the target material, and deposited onto the substrate. The deposited macroparticles can cause

blobs on the thin film and result in short circuiting of semiconductor thin film circuits. The
20  deposited macroparticles are usually called “particles™ or “'splats™.

The surface roughness of a target material can have a correlation to a crystal grain -
size of the target material. The finer the crystal grain size, the smaller the surface roughness
of the target material. Accordingly, by reducing the size of crystal grains existing within the
target material, it is possible to prevent the generation of the “partit:les”, thereby allowing -

25  better quality thin films to be formed than can be formed from targets having larger grain
sizes. .

Numerous materials can be utilized as target materials, including, for example.
copper, alummum and titanium. - In pamcular apphcatlons target matenals can comprise
alloys or other metalhc mixtures, w1th exemplary mixtures comprising one or more of

30  copper, aluminum or titanium. Target materials can also comprise so-called "high purity”
forms of particular metallic materials, with exemplary targets being from 99.99% pure to
greater than 99.9999% pure in one or more of titanium, aluminum and copper.

Several methods have been proposed for forming improved target constructions. In
Japanese Patent Application Laid-Open (KOKAI) No. 11-54244 (1999), there has been

35 proposed a target material composed of titanium and having an average crystal grain size of

0.1 to 5 pm. The target material is produced by hydrogenating titanium, subjecting the
1
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20 SUMMARY OF THE INVENTION
The invention encompasses methods of reducing grain sizes of materials, and in

particular applications encompasses methods of reducing grain sizes of titanium-comprising
materials, aluminum-comprising materials, and/or copper-comprising materials. The
invention further encompasses methods of forming sputtering targets. In a particular

25  embodiment, the invention encompasses a method for producing a sputtering target material
in which a metallic material is subjected to plastic working at a processing percentage of at
least 5% utilizing a processing rate of at least 100% per second (i.e., 100%/second). In-
particular applications the metallic material comprises one or more of aluminum, copper and
titanium.

30

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.
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“particles” during film formation. In particular aspects, the invention comprises methods of
15  forming targets which comprise one or more of aluminum, copper and titanium.

In one aspect of the invention, it has been found that by appropriately controlling
plastic working conditions used for the production of a material, specifically a processing
rate thereof, it is possible to reduce the size of crystal grains of the material. The reduction of
crystal grain size can impi'ove sputtering properties of a sputtering target formed from the

20  material relative to targets formed from materials having larger grain sizes.

Aspects of the present invention are described in detail below. In particular
described aspects, titanium is used as a raw material which is subjected to appropriate
processing to reduce a grain size within the material. The titanium materials can include
materials formed by melting sponge-like titanium with a vacuum metallurgy method or the

25  like, and then casting the melt into titanium ingots. In exemplary embodiments of the present.
invention, titanium-comprising materials are utilized which comprise high-purity titanium
having a purity of 99.99 to 99.9999% by weight (4N to 6N), or greater. The invention also
comprises utilization of copper as a raw material, and in exemplary embodiments copper-
comprising materials are utilized which comprise high-purity copper having a purity of 99.99

30 t0 99.9999% by weight, or greater. Another aspect of the invention utilizes aluminum, or an
alloy thereof, as a raw material, and in exemplary embodiments aluminum-comprising
materials are utilized which comprise high-purity aluminum having a purity of 99.99 to
99.9999% by weight, or greater. The aluminum-comprising materials can further comprise

one more elements in addition to the aluminum, with said one or more elements including at
3
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20  least 5% while maintaining a processing rate of at least 100%/second. In other words, the

processing rate utilized to obtain the processing percentage of at least 5% is at least
100%/second. It is noted that a processing rate will typically slow during a plastic working
process from an initial rapid rate to a rate of zero as the compressing die compresses a
material and subsequently comes to a rest on the compressed material. In prefemred

25  embodiments, the processing rate will remain equal to or greater than 100%/second during at
least a 5% compression of a worked material.

An important feature of the present invention can be that it includes subjecting a
material to plastic working at high processing rates (i.e., at processing rates of at least
100%/second). Processing rates of the present invention can be at least 500%/second, and in

30  particular embodiments of the invention are at least 1,000%/second. The upper limit of the
processing rate is usually about 10,000%/second. In contrast to the processing rates of the
present invention, the processing rates conventionally used for the plastic working are low
processing rates of less than 100%/second, such as, for example, about 20%/second. Thus,
the present invention utilizes a higher processing rate than conventional methods.

35 An apparatus 10 which can be utilized in methodology of the present invention is
described with reference to Figs. 1-3. Referring to Fig. 1, apparatus 10 comprises a support
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of the obtained target material to be well-controlled in size (i.e., become finer).

The present invention can be particularly useful for processing titanium. Titanium
target materials produced by processes according to the present invention can have an
25  average titanium crystal grain size of not more than 4 pm. Titanium-comprising thin films

obtained by sputter deposition from such targets can have reduced amounts of “particles”
generated thereon relative to films formed by sputtering from conventionally produced
targets. Exemplary targets produced by methods of the present invention, and exemplary.
films sputtered from such targets, are described in Examples below.
30 The present invention can be also be particularly useful for processing aluminum and
alloys of aluminum. Aluminum-comprising target materials produced by processes
according to the present invention can have an average crystal grain size of not more than .
20pum. Aluminum-comprising thin films obtained by sputter deposition from such targets can
have reduced amounts of “particles” generated thereon relative to films formed by sputtering

35 from conventionally produced targets. Exemplary targets produced by methods of the
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20  working at high-rate processing.

The low-rate plastic working and the high-rate plastic working are usually performed
by a hydraulic press method and a hammer press method, respectively. The hammer press
method enables the processing rate to be readily controlled by changing a drop height of an
iron hammer. The maximum number of repeated high-rate plastic working processes is not

25  particularly restricted, and the high-rate plastic working is usually repeated three to five
times.

Subjecting a raw material to the above-described high-rate plastic working of the
present invention can impart desired properties of a sputtering target to the material. Thé.
high-rate plastic working of a2 material is preferably conducted until a processing percentage

30  of at least 5% is reached, while the low-rate plastic working can be conducted at an optional
processing percentage.

A raw material can be heated by a spontaneous heat produced upon the plastic
working during high-rate processing of the present invention. It can be preferred that a raw
material comprising titanium be maintained at a temperature of not more than 400°C during

35  the plastic working. When the temperature of the raw material is more than 400°C, the raw

material can suffer from abrupt crystal growth, which can render it difficult to obtain fine
6



25 average titaniumcrystal grain size of not nore than 4 m
Titaniumconprising thin filns obtai ned by sputter deposition from such
target s wani/keve reduced anounts of "particles"” generat egiedi8dePRkss" €l ati ve
to filnms formed by sputtering fromconventionally produced targets.

Exenpl ary tcarstgbgrmnp r b cancadsh Hepreferrddabias aodw aterigrcomprising aivmntundmchas.cfor

exenpl ary

Dol ow 30 PR aXMrsrEGthrllg it AUREL, o3RRG aHBY) bR P
processi ng aaai ts:mpmameaofcfrormhbcmyéo"(ﬁ tozebowti 43076 dmin,grﬂmpmtqurkmg Néhen aleget
materials pro rdin h e ven an
have an avgei,néne%?urg op %/ ilif ngll%n .P?gﬁ%?“g t%n%l 1sf'ntﬁetlﬂgn %%PE [he raw Ena? Bal

Al um nust compsufﬁer lfngmt d’urmptfcrysmis goisitiai wlach bgn spder txedxfﬁtmpasmbtaum fihe crystaluch
targets can _.have reduced anmounts of "particles"” generated thereon relative
to filns fgmnnesd by sputtering 35 from conventionally produced targets.

Exenpl ary tar getﬂsntmmdmomdmﬂgg uatg'ehndmarbbroﬂhr&d b a\pmcesk/ozmwesa(mvbmw 28454
present i nve |onl,l and | tn&m f tn@ Qltered from eruglp tar‘gr ,are '
descri bed al’:‘?(%ﬁﬁ‘f é§ 5@’!58 ‘fﬁez SodV & é?l%lgtlanﬁl F s thap wor Ki ng
of the pregentA laweelitnitar thesavpragd myaiﬂlgyam me@efaat mdmampdompaklhg ;argci m‘alemﬂs on a

gi ven ocesse ) it cal d t hat
t he hi 8 -rat 5511%’11)'2@ |%m\/\o¥nk'1ivﬁe&"%tén% %‘B fczil?fu e |h tt}i“é felicy °“‘rh cF Pt er ent
pl asti c wordierage gtaﬁpsaze(!aefexsac drmeah @rgn sibe Fagms amdacedlbyemahmmgpfof et eri al
That the dPrral dNensst S0P eNraY g FsleS] SRR Bpop s R B ety are
steps, wt Ipamclﬂarrexamplbephehasmhgloprvekk bel Lsm:hapqmlat dsti 99%aoff the gtairs)of @ targétr ect i on
of a mat erl or Y-axis direction); a second step having
pressure 1" 1'31%“](0 ‘tﬂ"afaﬁgéofsgﬁé%filh 73?3" “di¥ection of the materi al (the second
axi s dilfecti on @Aanalimpinumeropprising varget hageridhepréducet bwa prodcss et therprgsemnd a
s e T s A s T
or nore hmgke that H)ppi afs tower limitlof thg apm@@s&smglameswmfduahenhmccsmeael t he
round bar - ial (e.g., forging). Also, a lowrate plastic
. . §a2$e? FIQTCFI usqlgl’){;ﬁggﬁé

wor king is ate the round rod




shaped raw material by applying a pressure thereto in the circunferential
direction (plastic working simlar to swaging). The lowrate plastic
wor ki n i nterposed between two of the high-rate r ki ng
st eps. q‘fégﬁgbwzgl ng-like plastic working is typically conggjgt 656/‘384?5)
processing rates because it can be digkxhMpPriEg 0 conduct such swagi ng- I|ke
plastic 20 working at high-rate processing. The lowrate plastic working
and the high-rate plastic working are usually perfornmed by a hydraulic
press method arihednveasiands illypteated yebui gt limieddethe fpllpyingerammesimer press
met hod enabl es the processing rate to be readily controlled by changing a
drop height of an iron hamrer. The maxi num nunber of repeated high-rate
pl asti & worki ng processes is nolitadumPBrocessingExamplest rjcted, and the

high-rate plastic V‘D!Elﬂnﬂgeb§6‘&53%&1’:%&\&%93@%&(#1&5@? 3hbn il YEble ) MES.
Subj ecting a raw nmat €rt a € above- descr| fg raepastlc vvorklng
of the presentAirpipdntodshened titanippningotduingeddipmespreeft 150smmf 2 dengihiaft1oPi ng
target to x{ulﬂ%nﬁ@% lv99 st&% (bblwqtghba; SibRcad td &‘,emgtke »o&kfags p{®) ﬁﬁé%h s
preferably condu processi ng percentag | east 5%i s
reached, vid} that ta??edqsefweﬂ dlel?wplrhﬁbl@: 1wo?fk¢ m&S%WOW&mW@dC%P"%SIﬁpt i onal
procesg ngcoﬂﬁfc&%n&lﬁg(?mep‘ rS%steHEén?rté e ﬁl@.ﬁlcb\?orﬂﬁgt £ Guihier FIRROVARGOHE heat
produced upon the plastic during high-rate roceSS|n of t he
present i mpeqqdmgrihe raw matiqnﬁe(qugléz)ewp%aoqdh%t@d at amcewwgeﬁateaof Ped.ng
Litanium Bgeosy Ak ek Al RabElRRs 3h dpfofifad Hhpd BiCobdifife A08ECikAg S5 the
pl asti c wor ki ng he tenperature of the gw materlaF I S nore than
400C, the haawgamefﬂ&lmmahdlsmmr@ﬂqmmmﬁhpt crystal .growth, which can
render it difficult to obtain fine 6 WD 01/29279. PCT/US00/ 29454 crystal
grains. It can also be preferred that a raw material conprising alum num
(such ®s, for exanple, a material cHABEEd|ng either pure alum num or an
al um num al | oy) be maintained at a tenperature of from about 50C to about
450C during the plastic working. Wien the tenperature of an

al um numj{conpr i Sresgpuraapplyiher i 4l Pravessixige |t haPrebeSing t hg rRinaliDimension can
suffer from abrupt directioml gr o Rerceitagé) |can r ®acer it [di (didntesért mina oPt ain
fine crysgtal (phenomenon) (%) (%/sec.) length)
- (a) | Circumferential direction 8.7 20 137x 180
(elongation)
(b) Axial direction 444 Speed described in 184 x 100
(spread) Table 2
(¢} | Circumferential direction 255 20 137x 180
(elongation)
(d) Axial direction 44.4 Speed described in 184 x 100
(spread) - Table 2

The low-rate plastic working for elongation was conducted by a hydraulic press
20  method, and the high-rate plastic working for spreading was conducted by a hammer press
method. During the above plastic working steps, the temperature of the raw material was.

maintained at about 300°C by the spontaneous heat.

: Measurement of Average Crystal Grain Size
25 After polishing the surface of the obtained target material by sandpaper, the target

material was etched with boiling nitric acid and then subjected to electrolytic polishing to
finish the surface of the target material into a mirror surface. Thereafter, the surface of the
target material was etched with boiling nitric acid to expose a grain boundary thereof. The
exposed grain boundary was magnified 800 times by an optical microscope and

8



grains. Atitaniumconprising target material produced by a process of the
present invention can have an average crystal grain size of not nore’than -
41i m  angolyigémsably not nore than 2 jtm A lower limt F%T)f%%/?s\@{ age
crystal grain size of a titaniumconprising target materia I's usual ly

0.1 m In ipghofgRipRdd. oMhéobthifiéd SiveiptapBle bliRage| caysbl gtdibizé Wad Mdasufede term

"average grain size" refers . to a nean graip size. Targets produced by

net hodol ogybyc?fq“ﬁifé‘“reprf‘%‘g%{‘utﬂ?ﬁ‘??éﬁ"‘P’BH‘ nyp I}f}?l% erably have relatively tight
di stributions of grains sizes. In particular exanples, the distribution

wi ||l be such that at |east 99% of the,l%r%ir?ns of a target wll be within a
factor of 10 of the nean grain size. T bi&? al uni num conpri si ng target

mat eri al’ produced by a process of the present invention can have an
aver age ciystExamglesiandsi Je of Precessimgr e thadvonge Grystald pref Numdieyohot | nore
than | OAn AComparative ni t| of t hRataver age cry6rain Sigeai n i ze“Bartigles”
al um num ¢onprExamples t ar qet nfwsecomd) i s |usual |0 1m 7] WO 01/29279 '
PCT/ US00/ 2845@ompatatWdl ES [The i nvéntion ijs illug0.0ated by, but "t [imfed
to, the fjpl | oviExaghpbxBnpl §s. 5 Titani um|Processi ng Exanpl es Exanples 1;6
and conpaf at | @smpxafiel es [1-5 (shown In Table 239 A round, rod- sgmped
titani umiingotgRgpd® a di ameter of 150 [)m a length of] 150 nmmand a (2)
purity of ; LRy, Welght )T 5:SUbj ECed TO0 t45F prastfc Wor Kpng St ep a
t hr ough d) ft Eii?gge deqcri bedggel ow il Tabl emiﬁ The pll asti cqmgr ki ng st eps
wer e cont irtegsty-—to—congucted t6="i'tc t+es—Suhseguent—to—the—phastte

wor ki ng, & fu&ﬂé T3y stilc wor ki g for |spreadi"hg the rlaw nat e:rq'al '
(forging) | > ' rat-e—of 20% segond——thereby
form ng the rGOMBHEEYS al |i nto ad8appropr|i ate sR#pe and jobtai ni g a tarlget
material |haviBxgmpled ze of 410 omin digneter x 20 mmiln length 15 TABLE 1

Pressur e- appl yExagplrbecesgi ng Pr ddkssi ng |Fi nal Bidrensi on 2
| Example 2 560 25 2

Example 3 1,000 _ 20 1

Example 4 - 2,000 | 1.8 1

Example 5 4,000 1.6 1

Example 6 6,000 14 1

Determination of the Particles

The target material was cut into a disc having a diameter of 250 mm and a thickness

10 of 12 mm.  The disc was placed in a sputtering device and sputtered under the following'
conditions: Power = 3 kW; Gas pressure = 10 mTorr; Gas ratio (Ar/N2) =1/1; and Film
thickness = 50nm. The sputtering formed a TiN film on a 6-inch silicon wafer. After
completion of the sputtering, the number of “particles’; in the thin film formed on the silicon
wafer was measured using a laser-type particle counter (trade name: “SF-6420"

15 manufactured by TENCOR Instruments Corp.). The number of “particles™ having a diameter
of at least 3 pum was measured with respect to 12 silicon wafers, and the average of the

measured values was determined to be the number of “particles” per one silicon wafer.



direction Percentage Rate (dianeter mmx (phenonenon) (% (% sec.) |ength)
(a) CGrcunferential direction 8.7 20 137 x 180 (elongation) (b) Axial

di r ect iwo 0449249 Spéed described in 184 x 100 (spread) Talplcanlof/es454
Circunferential direction 25.5 20 137 x 180 (elongation) (d) Axial

direction 44.4 Speed descri bed Alumifvn ProessingExamples) Table 2 The |l owrate

| ast Ki f 20
ﬁeﬁﬁohc ‘Qﬁ(rj 'tﬂg hf’r MR 7L RS mpANRYE ¥s 1046wt PaBle dact ed by a

hanmer press n@tmmﬂ r@shiapey albminyinealloy phges tdompesed koingjuminups (a purdty of

t enper at ur t y G e

spont aneougsi) sﬁggo WWfégm& ?@iﬂ%@?é (la'F %‘g’gle%sys a‘% %%I?E g{atzcgigggl%yméa

pol i shiSng haﬂ@ diametercé 169 mmhandoblength @fl 13Gmget Theaingotiveds shibjeatetiatbgoplestict he

to o ectrol g oBfR RS LFH s dctaBbbigl B TsdL 3 35 iAo RepEELED)
into a mi rqoohm@u*l? awuctﬂ]d!rwafm&;r Subseguent;rof the plastic ww@ngtoésﬁgm (aprtst @ pal was
etched wt Ry c i Y, 0 The
exposed grigl ﬁéPbé}h%g B foqlgé) Bégﬁgggﬁtﬁat&r‘ﬁ @%ﬁgg%cc H%e?r %scope and
8 WO 01/ 2929@sqhggT Yal§8€f0?/02i8¢§¢hd ﬁh@bm@rapme‘be 4% guateribleinwianadppeegrigth shapgr aph,

ocult D ars SREG R g syt i, B U Y A R e 20

Crystal Nunmber of Conparative Rate Gain Size "Particles”

10



Exanmpl es (% second) (m Conparative 10 70.0 72 Exarrpl e 1 Conparative 20
39.4 60 Exanple 2 Conparative 45 18.0 47 Exanple 3 Conparative 66 9 7 36.°
Exanpl e ative 88 5.2 8 Exanple 5 Exanple 1 100 3,4 _2 Exa le 2
500 2.5§°%|e 31,000 2.0 1 Exanple 4 2,000 1.8 1 E’u’rﬁf’%’% Y, 000
1.6 1 Exanple 6 6,000 1.4 1 Determ na@hgngq;‘ the Particles The target
material was cut into a disc having a draneter of 250 nm and a thi ckness

10 of 12 mm The disc was pl aced in a sputtering device and sputtered under
the followng conditions: Power = 3 kW Gas pressure = 10 milforr; Gas ratio

(Ar/N2) =1/ 1; anq:r@sl..r@aéw..gne‘ el |Thep f&ggﬁin%;' R

on a 6-in¢gh s ifon © ter1

" : ' Pérelitage (
of "parti¢les n filmlfor Eﬂé% theﬁa on vafg 'Ff'é]sured
using a | r\mép‘%‘i{“’{“ E'B count pr rade na ecéE 420" 14 l})“f act ur ed

by TENCOR Idjs; r ungﬂimgm@&gm) . The of "pargg cl es” [havi 1 881 anmef er
of at |easpt s Mthres e¢t to 12 S|I|c$nwaers, and f he
average o th pﬁ&éeﬁ@ﬁr(ggﬂgagjogg Wa S r‘lnfﬂ m-hed-to-be-th
"particles"p)ppr ongidlidire&im Waf er. 944 Speed described 184x100
(spread) in Table 2
c) ~ Circumferential 25.5 20 137x 180
direction (elongation)
d) Axial direction 444 Speed described 184 x 100
(spread) - : in Table 2
e) Circumferential 25.5 20 137x180
direction (elongation)
f) Axial direction 44.4 Speed described 184 x 100
(spread) in Table 2

The low-rate plastic working for elongation was conducted using a hydraulic press,
and the high-rate plastic working for spreading was conducted using a hammer press. During
the plastic working steps, the temperature of the raw material was maintained in the range of
from 50°C to 450°C. For instance, the processing of Example 9 of Table 4 (processing speed:

10 of 1,000%/second), was conducted as follows: The temperaturés immediately before and
immediately after the working step (b) were maintained at 30°C and 100°C, respectively; the
temperatures immediately before the working step (d) (controlled by cooling) and that
immediately after the working step (d) were maintained at 80°C and 150°C, respectively; and
the temperatures immediately before the working step (f) (controlled by cooling) and that

15  immediately after the working step (f) were maintained at 80°C and 150°C, respectively.

Measurement of Average Crystal Grain Size
After polishing the surface of the obtained target material by a sandpaper, the target

material was etched with an etching solution composed of HCI:HNO3:HF:H20 = 3:1:1:20 -
20  (weight ratio) to expose a grain boundary thereof. The exposed grain boundary was:
magnified 800 times by an optical microscope and photographed. From the. obtained
photograph, the average crystal grain size was measured by a quadrature method. The results

are shown in Table 4.
11



WO 01/ 29279 PCT/ US00/ 28454 Al um num Processi ng Exanpl es Exanples 7-12 and
conmpar ative exanples 6-10 (shown in Table 4) A round rod-shaped

al um nuRyGbi/g7d Ngot corrposed of alum num (a purity of C'l?lﬁg(ﬁ’/ﬂx vvel ght)
with 0.5% by wei ght copper i's used as a starting material e Ingot 5 had
a dianmeter of 150 mmand a length of 150 mm The ingot was subjected to the
pl astic working steps (a) to (f) _that, are descri bed below in Table 3. The
pl astic working steps were cont Shree times. Subsequent

to the plastic Whlirp& ntterfal ﬁﬁ%scu( ﬁl\toi&s& levmgaa dikéte 250 n@s bada iNDkliéseg f or
spreadi ng the raw material (forging) was cqonducted at a ocestzl ‘%arate of
P@{w g

20% second of dRdrBHyIhe shissi Was Rlase i, PRIEERE Gevicc ang SRRUterprh PRAST it

and obt gi nicgidordsAPERE IRLWE (Gal plRatd Y 3ITIE S @tterméJng ATy (000%5)2 6l Bifm X 20
mmin length 10 WO 01/ 29279 PCT/.US00/ 28454 TABLE 3 Pressuyr.e Sgpl ying

Processi ng UBFigEess pOmn- Flhesputpsring farmsdh an Al-Fa alloxRlmpOr ey ayie oPdi%anet er

mm x  ( phengresmaah v\(a%@r (A¥feP Esmpletlof 10 tHe)spdtlerifk I th! HllrRbeR BF I'girticles” 112@6 #d x 180
di rection (eI ongation) b) Axial_ direction 44,4 Speed described 184 x 100

(spread) il maisrreedz%}heal}lmw@?remaﬁ easpredrusing a?ferxtyaﬂaeama'?rceewﬂoﬁ

(el ongat i ongyo ik rﬂﬁhﬁktu@drb%eﬁﬂwbﬂﬁxsf}uéaﬁﬁémggS ahi RG34 "pardQf nhvipy gad) in
Table 2 e) Crcunferential 25.5 20 137 x 18 direction (el ongation) Axial

di rectildn 4liametgeéatdease@im egimeasyred with@espect to 12 silicon wafers, and the average of
the measured values was determined to be the number of "particles” per one silicon wafer.

12



E O (spread) in Table 2 5 The lowrate plastic working for elongation was
conducted using a hydraulic press, and the high-rate plastic working for
spr eadi '%ﬂo\?flfm nduct ed using a hamer press. During the ¢)I astic working
steps, the tenperature of the raw material was nai ntai ned®¢HUSHE844nge of
from 50C to 450C. For instance, the progggpgnd of Exanple 9 of Table 4
(processing speed 10 of 1,000% second),”™Was conducted as follows: The
tenperatures imedi ately before and imediately after the working step (b)
were mai ntai ned at BOC and 100C, respecti vell, t he tenperatures

i medi ate|y hefar r Ki step (d) nt r ol y {cool ;n and t hiat

i mredi ate Ki ngg‘1 X g‘% d) wer %{ﬁ d[ﬁg at 8%%?‘]" r}ﬁiSOC,
respectively; ‘ﬁ’e t nper g i mgdi at Y ¥fore [t he d8Y step (f)
(controll nd t bdi at e|W™fter tihe working step (f)

wer e nai njai C apd 150C4,respecti vely. asurgnent o erage
Crystal Gai nr@ |§3Lrat%ter pol i shilgg t he surfacez% t he qbt ai neézé\arget

mat eri al py a €2l Rpaperr the target maflerial was etchadd with an etchilng
sol ution EonmasfshrRiveHCl | HNOS: HIig H20 = $: 1: 1: 2059 20 (wgi ght ragko) to
expose a frai rExQﬂg@dﬁry {hereof. The exposed grain boundary was nagni f|i ed

800 t| mes \I an N Leal Hn faX4 nmnpﬂ n_nrl Jr\hnj' ngr apharl —kdom-t ha nbf al n d

phot ograp"l, t%@y@m@ge Crystal gggrain $ize vvammeasured by a4n5|adratLre
met hod. The I‘ﬁgllnpﬁg arefshown in Table|4. 11 ~if, WO 01/29279

PCT/ USOQ p8454 ote At -or—et—the—Pattet-es—Fhe taf\,mﬁmt ert+at—waq cut

into a di pc Ieompugativedi afret er 07250 mmjand a shi ckness of 1W4m Thg disc
was pl ace mmaﬁplétgt er| hg devi ce and sputtered under the follow ng §
condi ti ongr—Power—5—+kW—CGaspressure§F3niforr—Sputfertmygas—A
(100% ; apd Fidmparstivekness = 5062n The sputterBbg forned an AR0Lu all gy
film (0.5 bExaneplgh®, ClL) on a 6-

Example 7 100 20 56

Example 8 500 ' 10 39
Example 9 1,000 8 32
Example 10 2,000 6 2.7
Example 11 4,000 4 15
Example 12 6,000 2 1.3

13



L

.nch sjlicon wafer. After conpletion of the sputtering, the nunber of
"particles” in the thin filmforned on the silicon wafer was neasured

usi ng aWcamoz-zsype' particle counter (SF- 6420Tm manuf act usegubb2EEYCOR

I nstrunents Cor The nunber of "particles" having a 10 di aneter of at

| east 0.2m was %bagme@dowdmnb@tpwm tan povile| anc dmlusteiaky sisefaln grocéss faver age

one s i colraurts MRELARAES RS S AR il Sipltof {REls SheacBdetingy P
Pr ocessi ngfibg-éeraing piogess at#laN@n@eﬁoanlO@dlmao@ced/@rg@tmatauds n Isi [mﬂﬁlclular
"Particl eseypbatadhl Sisthé%végt?on) h(a%}'} ot SRR Al \é&?ér?sfd%'g z?g Tore E&i r; "5'%86

Conparative 13 150 65 rrpar ative
Conpar af i v#&tapipmsand3pper. ER*mpV@tlgn ConprblathighethbshigBut 25 . Haterfaksabgp tedudifip

o, VB, SO, b SRS R g0 i

10 2, 000.

,_

with the shapmg of the material into a target shape by utilizing a die that is appropriately

configured to form a target shape during high-rate plastic working. The invention can also

reduce material waste since a processed material can be formed into the shape of a target, and
10 accordingly cutting and other material removing steps can be avoided in forming targets.

In compliance with the statute, the invention has been described in language more or
less specific as to structural and methodical features. It is to be understood, howéver,- that the
invention is not limited to the specific features shown and described, since the means herein
disclosed comprise preferred forms of putting the invention into effect. The invention is,

15 therefore, claimed in any of its forms or modifications within the proper scope of the

appended claims appropriately interpreted in accordance with the doctrine of equivalents.

14



WD 01/ 29279 PCT/ USOQ 28454 The invention described herein can provide an
industrially useful process for producing target materi-als which are -
reduced unber of "particles" generated during a filmform ng

pr ocess‘ﬂr’&ePg{l’??ﬁ; to conventional | y-produced target materiBTUSOPE8454, ¢ cul ar
embodi ment gfyMid'e i nvention, the target materials can conprise one or nore
of al um num I tani um and copper. The invention can enable high

t hroughput jof ”Btﬁﬁﬁmktﬂbcﬁfobkdﬁﬁﬁ%lﬂéé@ﬁind?;!eQﬁQSr&ie?iﬁl,fééxﬂlﬂi%ing.SpeCi fically, a
grain size of a target material can be reduced sinultaneously wth the
shapi ng of the nat eisuljéctingthe niatdrial @lastdprking ¥t alprotdssih@tecofdt least hat i s
appropriately configured to forma target shape during high-rate plastic
wor ki ng. The i nvdfi@%hbecoodn -al so reduce material waste since a processed .
material can be forned into the shape of a target, and 10 accordingly
cuttingSand other material renoving steps can be avoided in formng
targets. In conpliance with the statute, the invention has been descri bed

i n I anguagé nor e The methed sf dgimd]; fprther somprising sheping the materadl ineRISBHICHRS

features. It is to be understood, however,. that the invention is not
limted to tH&8%pecific features shown and described, since the neans
herein disclosed conprise preferred forns of putting the invention into
effect. The invention is, 15 therefore, clainmed in any of its forns or

nmodi ficatigns w thin the proper o f. the en ' propriately
i nterpret eg' in aﬁ%?ﬁ%ﬁ‘ggpﬁ}ﬁ@% Y%gelﬁg’ggﬁpgnné °8?“§£§“J‘|"gg‘%é%s§é. %ﬂ(ﬁ&D 01/ 29279
PCTI USQRY 28454 CLAIMS 1. A nethod for reducing the grain size -of a
material, conprising: subjecting the nmaterial to plastic working at a
processingy4rate qhe %Ethb&aﬁtlaimh%%e?ﬁ&@?Q_stie'iuo’rkinihﬁth@ﬁéo%ﬁsé@fa prdcadsigl
further conprising shaping the material into a sputtering target. 3. The
ggt hod of cl gértentagalopitadast 3% @hitdwasihiaBingGhebrocediing 1a@ of Biledat FODLH/ecoMal Ki ng.

5. The method of claim 1 wherein the material comprises one or more of aluminum,
15 copper and titanium.
6. The method of claim 1 wherein the material comprises aluminum, and further

comprises at least one element selected from the group consisting of Si, Cu, Ti, Cr, Mn,

Zr, Hf and rare earth elements.

20
7. - The method of claim 1 wherein the material has an average grain size after the
plastic working of less than 4pum.
8. The method of claim 1 wherein the processing rate is at least 500%/second.
25
9. The method of claim 1 wherein the processing rate is at least 1,000%/second.

R O

15



4. The method of claim1l wherein the plastic working further conprises a
processi ng percentage of at |east 5% while maintaining the processing rate
of at hegeinehpP% second. 5. The nethod of claim1l V\hereiP@T;‘%%m?%ggri al
conprises one or nore of alum num 15 copper and titanium b. e met hod
of claim1l wherein the material conprises alum num and further conprises
at | east ao0e el awenithsebediiad] Whaein thesprotessing aenisatdédsny0eli%/Secondand Ti, Cr,
My, Zr, H and rare earth elements. 20 7. The nethod of claim 1l wherein

t he mat er i alfutiescauprising 2 pgeegingiparcentage aifat least § fewhiilel raagntainingdhdki ng of | ess
than 41im 8. The nmethod of claim| wherein the processing rate is at | east
500% second .processing ratd plat feasth®8%secanai m 1 wherein the processing rate is at
| east 1,000% second. ililllll1il15 littti~jliiiii WD 01/29279 PCTI USQOQO 28454
10. The method of claim 1l wherein the processing rate is at | east

1, 000% second, and further conprising a processing pe age of at | east

' 5% whi Pe rfai nt ai ﬁ’Fm‘jﬂ'{DHQfﬁP‘beg’B?'ﬁ‘Q theracessingate| ipatdeas %@5}%/@%89@ 5 11. The
met hod of claim 1 wherein the processing rate is at |east 2,000% second.

12. The method of claim 1l wherein the processing rate is at | east

4, 000% secgnd. : ho l.ai m erei.n_t ' rate is at
| east 5, 000% seclihggfe%%?(?w ' gwﬁe&fﬁé% BoF S%@o‘é%é?%‘gﬁg‘@%@f’fe’g%’ﬁg t ar get
material, conprising: subjecting a titaniumconprising nmaterial to plastic
wor ki ng at a processing percentage of at least 5% utilizing a processing
rate of at)3l eastTpbQRWcARE LR 1 JRerli-thelfi6cesBi Al 04t 164524, 00054 se0b&1. €i n t he
titaniumconprising material is shaped into a sputtering target shape

duri ngot he pl astic worki ng.

14. - A method for producing a sputtering target material, comprising:
subjecting a titanium-comprising material to plastic working at a processing

percentage of at least 5% utilizing a processing rate of at least 100%/second.

15 15, The method of claim 14 wherein the titanium-comprising material is shaped into a

sputtering target shape during the plastic working.
16. The method of claim 14 wherein the plastic working is repeated a plurality of times.

20 17. The method of claim 16 wherein said titanium-comprising material is maintained at

a temperature of less than or equal to 400°C during the plastic working.

18. The method of claim 17 wherein the sputtering target material has titanium grains;
an average crystal grain size of the titanium grains being not more than 4pum.
25
19. The method of claim 14 wherein said titanium-comprising material is maintained at

a temperature of not more than 400°C during the plastic working.
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M The nethod of claim 14 wherein the plastic working is repeated a
plurality of times. 20 17. The nethod of claim 16 wherein said -
titaniu rising material is maintained at a tenperature of |ess than
or equal%(ﬁgﬂ%ﬁz% during the plastic working. 18. The mnet hRfal/BP00284%4m 17
wherein the sputtering target material has titaniumgrains; an average

crystal grgpn si zge ool 6 él&ibﬁ@%&fé\aﬁﬂ e Q%t%ﬁil%%f%?ﬁ)atgﬁa{l%ag ﬁgrﬂuélré}ali% 13.

The nethod of claim 14 wherein s tita rising materia

mai ntai ned atby averdg faa%wn%iz%fm@htaﬂﬁhﬁgﬁih@&i@%ﬂwm& He plastic
working. 16 I ["111 JI11111 EIIM | "iiivriiitii- WO 01/29279 PCTI USO0/ 28454
20. The nethod of claim 19 wherein the sputtering target material has
titaniumgrains; an average crystal grain size of the titaniumgrains

bei ng not bre t Thaméhodof ddim [Rhehemin the titadfunctanprisibgd nviteeiakis at Iedse99.99%
titaniumconprising material is at least 99.99% 5 pure in titanium 22.
The met hod ofpurlimlianitth. wherein the titaniumconprising material is at |east
99.9999% pure in titanium 10 23. The nethod of claim 14 wherein the
sputtering target material has titaniumgrains; an average crystal grain
size of the titanium grains being not nore than 4m 24. The method of claim
14 wher ei n2he pride astod §f slajmel 4 véhexgin the Hlapivi-epmpoisiag M3frgial is 35east The

met hod of cl gé%ﬁ}? wherein .the processing rate is at |east 2,000% second.
26. The net hod & PYF A W8 Wherein the processing rate is at |east

4,000% second. 27. The nethod of claim 14 wherein the processing rate is
at | east 5,000% second. 20 28. The nethod of claim 14 wherein the
broocesabnd5ate i Heuf 8Fkaifh AOHACSEEO Y erifiors HELAS e v GlHE N9, 2

sputtering target material, conprising: ‘subjecti'"ng an al'um num conprising
material to pjandkdge cWRAaKEAE sBE ofthPliQRARTrilRk befrg rB?ﬁmSn%QEéi‘xgt%rrPf at |east 5%
utilizing a processing rate of at |east 100% second. 30. The nethod of
claim 29 wherein the alum numconprising material is shaped into a

24. The method of claim 14 wherein the processing rate is at least 1,000%/second.
15 25, The method of claim 14 wherein the processing rate is at least 2,000%/second.

26. The method of claim 14 wherein the processing rate is at least 4,000%/second.

27. The method of claim 14 wherein the processing rate is at least 5,000%/second.
20

28. The method of claim 14 wherein the processing rate is at least 6,000%/second.

29. A method for producing a sputtering target material, comprising:

subjecting an aluminum-comprising material to plastic working at a processing

25 percentage of at least 5% utilizing a processing rate of at least 100%/second.

30. The method of claim 29 wherein the aluminum-comprising material is shaped into a

sputtering target shape during the plastic working.
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sputtering target shape during the plastic working. 17 11111111111111 (1111
LEEEE 1 1 €L MS W 01/29279 PCT/ US00/ 28454 31. The nethod of claim
29 wher.gj pl astic working is repeated a plurality o i 2. The
met hod "g#)ray%%??n 31 wherein said al um num conpri sing mat e}Fy&lﬁ@z%‘?nt ai ned
5 at a tenperature of not nore than 450C during the plastic working. 33.
The nmethod of claim 32 wherein the sputtering target material has al um num
grains; an average crystal grain size of the al um num grains bei ng not
more than320m I@e #dthod bEcldiBi 290shetdin the plasticAPorking ficriefeatediachlurality of times.

al um num conprising material is maintained at a tenperature of not nore
than 450C during the plastic working. 35. The nethod of claim 34 wherein
the sputtering target material has al um num grains; an average crystal
grain si z82of t e aiethoil fchigrHi wierdie sadjalnpinumsrogpribiag ma@mial is mapgincthe

met hod of claim 34 wherein the sputtering target material has al um num
grai ns5 an abd/emagrature of apnorg than 4587Curigg thetplastg Weskingm gr ai ns bei ng not
nore than 10m 37. The nmethod of claim 34 wherein the sputtering target
material has alum numgrains; 20 an average crystal grain size of the

of .claim 34 wherein

| umi i ' th 38. The neth
The sput &9 ng. (I GEtPoRal SRPLA2 WEREEI G AP SR PeEe BRIl Ao PR &% o
in si f the aluni i i f th 5 39. The nethod
of "ol ai m 20 AL SICA L RLEA I RhRE B TLFAYe RRpEnltrs Eadinad: "o gos,

pure in alumnum 18 11111111111111 1QJI 11212 11 1111 * C L-S WD 01/29279
PCTI USOQO' 28454 40. The nethod of claim 29 wherein the al um num conpri si ng

materigl is§ at 198%emod Bf AARPHP Wht&n Lo abmmuﬂue&np%n§m€erigﬁ§ Rfhfeac! ai m 29

wherein the alum numconprising nmaterial conprises a
at a temperature of not more than 450°C during the plastic working.

35. The method of claim 34 wherein the sputtering target material has aluminum grains;

an average crystal grain size of the aluminum grains being not more than 20um.

15
36. The method of claim 34 wherein the sputtering target material has aluminum grains;
an average crystal grain size of the aluminum grains being not more than 10gm.
37. The method of claim 34 wherein the sputtering target material has aluminum grains;
20 an average crystal grain size of the aluminum grains being not more than 4um.
38. The method of claim 34 wherein the sputtering target material has aluminum grains;
an average crystal grain size of the aluminum grains being not more than 2um.
25 39 The method of claim 29 wherein the aluminum-comprising material is at least

99.99% pure in aluminum.
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5 |l east one elenent selected fromthe group consisting of Si, Cu, Ti, Cr,
WMnh, Zr, H and rare earth elenments. 42. The nethod of claim29 wherei'n the’
sputterj et material has alum numgrains; an average crystal grain
size of 't oelt/%?ﬁ)rri num grai ns being not nore than 20m 10 Ig?T’qf’f?B’z?f'ét‘hod of
claim 29 wherein the sputtering target material has al um num grains; an

average Crygstal eAhdincd o ialth 28 Bierdin WH AMHnGLRbAGrGRY Miteflls Aag than 10m
44. The nethod of claim?29 wherein the sputtering target material has

al um num gr oY% baredn aRM@iuage crystal grain size of the al um num grains
bei ng not nore than 4m 45. The nethod of claim 29 wherein the sputtering
target material has alum numgrains; an average crystal grain size of the
al um num grai ns being not nore than 2m 20 46. The nethod of claim 29

wher ei n t . pr ocBesnatigpdraditlaim 89 wherkie dtahiii00vdmprisingimaterdal corpresenatt hod of
claim?29 wherein the processing rate is at |east 2,000% second. 48. The
met hod Sof clledshereSlamear selented fromphengreupsiongjstingtof Si. Cugli, Coddn, Zn Higedsasecond.
25 49. The nmethod of claim?29 wherein the processing rate is at | east

5, 000% secorfdrthelsgentshe et hod of claim*29 wherein the processing rate is
at | east 6,000% second. 19 -- - - - LLLLLErerererrete iilit CIHil L S WO
01/ 29279 PCT/ US00/ 28454 51. A nethod for producing a sputtering target

material, gonpri.sing:. subjecti a .cqpper.-conprising.material to plastic
Wor ki ng. ata by oRledgne) o pBR A P B SRtePRR R G e Mg uar B o ng
rate of at | 0Q9 ' erein the
copper-corrpra?'gilé‘%]ra n%g{%aﬁ%ﬁ&?zg oghhgé]élgwﬁ?g’gggggﬁ {’?tgtkr‘)?%{g%%%aorﬂggt .shape during
the plgstic working. 53. The nethod of claim51 wherein the plastic working
is repeated a plurality of tines.

43. The method of claim 29 wherein the sputtering target material has aluminum grains;

an average crystal grain size of the aluminum grains being not more than 10um.

44, The method of claim 29 wherein the sputtering target material has aluminum grains;
15 an average crystal grain size of the aluminum grains being not more than 4um.
45. The method of claim 29 wherein the sputtering target material has aluminum grains;

an average crystal grain size of the aluminum grains being not more than 2um.

20 46. The method of claim 29 wherein the processing rate is at least 1,000%/second.
47, The method of claim 29 wherein the processing rate is at least 2,000%/second.
48. The method of claim 29 wherein the processing rate is at least 4,000%/second.
25
49. The method of claim 29 wherein the processing rate is at least 5,000%/second.
50. The method of claim 29 wherein the processing rate is at least 6,000%/second.
19 Iy
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10 54. The nethod of claimb51 wherein the copper-conprising material is at

| east 99.99% pure in copper. 55. The nethod of claim51 wherein the

copper - h.Ssé Ng material is at least 15 99.9999% purey] 56. The
met hodvggﬁg?%zi%m 51 wherein the processing rate is at Ieag?ﬂ?,g%%'second.
57. The nethod of claim51 wherein the processing rate is at |east

2,000% second. 20 58. The nethod of claim51 wherein the processing rate
is at |least 4,000% second. 59. The nethod of claimb51 wherein the

processi nglr at e A siethdd foe petluGnOEPMterngaarget maRiabOomfisingret hod of cl ai m 51
wherein the processing rate is at |east 6,000% second. 61. A materi al

conpri sing al um nursnijectings coppiet-bonamisinganateyial lopjastiaworingiaha piogessivg t he

al um num grai ns being not nmore than 20m 20 'IHEEI g PRt 2ttt

* C L MS W 01/pesemagerCy lemsodhaglizng a processing ratgafat ieaqt 109%/secandn 61 being in
the shape of a sputtering target. 63. The material of claim61 being at

| east 99.9999% pure in aluminum 5 64. The material of claim®61 conprising

at | east aqne el nt selected fromthe grou consisting.of Si, Cu, Ti, Cr,
vh, 71 M 3ana. AR SR Oh B LM B8 CoRArt o B A STAT P YO Bhe of n

t he average crystal in size of the alum num 10 grains is not nore than
10m 66. ThéP '8$faéq%{%\ap%$uéﬁnﬁ1t‘§lpl§l?ﬂ%?v8fkﬂ’gt he average crystal grain size of
the alum num grains is not nore than 4am 15 67. The nmaterial of claim6l
wherein the average crystal grain size of the alum num grains is not nore

than 2m 63. A nRLeLhRb of QTR § Shikeil tHe MUY Skiig ISrepiitddh AftalRY Bf @, cryst al

grain size of the

10
54. The method of claim 51 wherein the copper-comprising material is at least 99.99%
pure in copper.
55. The method of claim 51 wherein the copper-comprising material is at least
15 99.9999% pure in copper.
56. The method of claim 51 wherein the processing rate is at least 1,000%/second.
57. The method of claim 51 wherein the processing rate is at least 2,000%/second.
20
58. The method of claim 51 wherein the processing rate is at least 4,000%/second.
59. The method of claim 51 wherein the processing rate is at least 5,000%/second.
25 60 The method of claim 51 wherein the processing rate is at least 6,000%/second.
61. A material comprising aluminum grains, with an average crystal grain size of the

aluminum grains being not more than 20gm.
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titaniumgrains being not nore than 4m 20 69. The material of claim68
wherein the average crystal grain size of the titanium.grains is not nore
than 2m material of claim®68 being in the shape of a sputtering
tar get . wégllf{i}sThe material of claim68 being at |east 9YCHEHIUIRIE | n
titanium 72. The material of claim®68 being at |east 99.9999% pure in
titanium ~iji2L I1INIII S

62. The material of claim 61 being in the shape of a sputtering target.
63. The material of claim 61 being at least 99.9999% pure in aluminum.
5
64, The material of claim 61 comprising at least one element selected from the group
consisting of Si, Cu, Ti, Cr, Mn, Zr, Hf and rare earth elements.
65. The material of claim 61 wherein the average crystal grain size of the aluminum
10 grains is not more than 10pm.
66. The material of claim 61 wherein the average crystal grain size of the aluminum
grains is not more than 4gm.
15  67. The material of claim 61 wherein the average crystal grain size of the aluminum
grains is not more than 2um.
68. A material comprising titanium grains, with an average ‘crystal grain size of the
titanium grains being not more than 4um.
20
69. The material of claim 68 wherein the average crystal grain size of the titanium
grains is not more than 2um.
70. The material of claim 68 being in the shape of a sputtering target.
25
71. The material of claim 68 being at least 99.99% pure in titanium.
72. The material of claim 68 being at least 99.9999% pure in titanium.
21 T -

g



