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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 ronghness
of the target material. Accordingly, by reducing the size of crystal grains existing within the
target matenial, it is possible to prevent the generation of the “particles”, thereby allowing

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

Numercus materials can be utilized as target materials, including, for example,
copper, aluminum and titansum. In particular applications, target materials can comprise
alloys or other metallic mixtures, with exemplary mixtures comprising one or more of

30  copper, alominum or titanivm. Target materials can also comprise so-called "high purity”
forms of particular metallic materials, with exemplary targets being from 99.99% pure 10
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
Japancse Patent Application Laid-Open (KOKAI) No. 11-54244 (1999), there has been

35 proposed a target material composed of titaninm 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 sputiering targets. In a particular
25  embodiment, the invention encompasses a method for producing a sputtering target matenal
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

ttanium.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.




materials, alum numconprising materials, and/or copper-conprising
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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 improve sputtering properties of a sputtering target formed from the

20  maerial 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 1o appropriate
processing to reduce a grain size within the material. The titanium materials can include
materials forrned by metting sponge-like titanium with a vacuum metallurgy method or the

25  like, and then casting the melt into titanivm ingots. In exemplary embodiments of the present.
invention, titantum-comprising materials are utilized which comprise high-purity titanium
having a purity of 99.99 to 99.9959% 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 atilized which comprise high-purity copper having a purity of 99.99

30 to 99.9999% by weight, or greater. Ancther 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 diec compresses a
material and subsequently comes to a rest on the compressed material. In preferred
25  embodiments, the processing rate will rfemain equal to or greater than 100%/second during at
least a 5% compression of a worked material.
An imponant 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 usnally 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. Referning to Fig. 1, apparatus 10 comprises a support

4
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methods of the present invention can allow the plastic working itself to enabie crystal grains
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 ttanium 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 sputiering 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
20pm. 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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particul arl yt Wsehridessir@raby BLASS itNGn Bk Wi 2BEbuctadukiD YSaghls 1R YRERUM
Al um nurg conpr.li Si n.ﬁ target materials produced by processes according to
the pres@nt “HUEAL W‘fgﬁcﬁﬂ% an average crystal grain size of not nore
than 20m Al um Therlew-omplissd wagkibhand theihighgato phsic weding arespuatly parfodssdosi ti on
from such t ﬂf' g‘ﬁ}tﬁau%@ﬂmss method and a hammer press method, respectively. The hammer press
method enables the processing rate wo 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. The
high-rate plastic working of a 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 beated 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 2 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




have reduced anmounts of "particles" generated thereon relative to éa
formed by sputtering 35 fromconventionally produced targets. rrpd EEH 2004
targets produced by nethods of the 5 0 8 APR 2004 WD 01R9279 PCT/ US00/ 28454
present invention, and exenplary filns sputtered fromsuch targets, are
described in Exanples below The above-described high-rate plastic working
of the pvwaem®nvention is preferably repeated a pl urmltiaspossisss | nes on a
gi ven processed naterial. Mre specifically, it can he ' 5 preferyed that
the hi gh-r af®s#gaus b capolse bpprefsmed th @ ALmatERg CBRPrinGs @“‘Pi“WBéS“C"me Ui f f er ent
plastic wor K{laﬂgleS:t MiErial SnpRiSifig Eithad [RRCahinkifunt BFEn ﬂmmdlamwse onistainéd mat eri al

as one anot her, rent axi nsi.on eferred
that the di P‘f‘b‘F@ﬁ’“ﬁT 8154]9%&%&% &lb" oy s 30%{ ‘ﬂ\%ﬂ‘? {pg pleptic ‘éoééf'g tﬁrﬁere)[ﬁcsepar ate
steps, wt h:ea.pérhxbﬁtofsdﬂmhwkm@mrngsmmaempplmdummw) €] the tawapdtegial di r ecti on

of a material X-axis or. Y- [ &P having
pressureglo ‘g'p’é)' g‘a““"' d’tsgé%l ‘z’%‘?i ‘gﬁi?ﬂ Fect ndgr h d‘?}F% tgn‘%‘?@ﬁ]]gl ﬁ% ﬁe second
axi s directegsms.can be perpendicular to the f| rst axis direction); and a

third step having l:%tﬁﬁ%%ﬁhsﬁ@%kc@ﬂa@%hﬁd@k@% prodd& Jflﬂ&%ﬁes@ﬁn%nﬂblf ection.
In apart|CU|ar exanpe a round rod-s raw material is usgﬂrzeand t wo

or nore hi ghegae amw&‘am‘k?‘ﬁg’fﬁ?‘%@@@% andseierably Bef mogs ¢ ad the
round bar-s Iﬂﬂtpmoﬁr&\ﬂnm]& tHeEBL Qe alystaBargn sizd ﬂragitdihgl)n—coﬁ{pﬁﬁng Iﬁrgbtﬂmid‘rﬁl e p| astic

vvorklnglsutlllzedtoeonateterondro teri

appl yi ng%a Fr w5l %! #Re, t‘BgTPfT‘“{’% ‘ﬁH‘FeaP‘gﬁ'{"’ 3%"“‘8.“%‘?‘2‘@’ {ggvh fp stl c
wor Ki ng si niiveraget graiss wia] irefeys to d hean pm sia¢. e Tapgesssirpducedchykengtigpdgipgypofithe

i nter posed bet %Omilm) \\ﬁﬂL Ipre%eba% ghimgp rélﬁfv?y mgﬂlsﬁl'stng@ﬁJ(bpgraﬁlE &i3es. Ilhe

swagi ng- | i k@ astl C wor ica conduct Er ocessi ng
rates becausn,ﬂ"F“!ilr ewmplss “Gl‘i“l“i“@u‘lﬂtw ld’eéBﬁ*‘fdhﬁéf“ least 9% et AGnF Pke¥Fastic 20

\r/]vorﬁl ngt at :wﬂg?‘{l@ﬁ]%ff(}j&gﬁﬁﬁjfﬂﬂm | ihayerate plastic worki nlg and t he _
igh-rate plastic working are usua erforme i C press

met hod dfd a hanfitPuBYWEEcORRET > e é‘ﬁg id Pv%'f“ifg brhée/ pﬁc’é‘f%er %lpr s"'s‘;’El met hod
enabl es t he iperdioremihag anav@age onyisel gréasied of noomere tah @eknbyand prafegbimgota dr op ,
height of ap.JfBM0df wagﬁ,nwmexs@gq@g Bhin e § %ﬁ,mmheog,ﬁr.;.@te plastic

wor ki ng processes I's not artic tricte and the high-rate
pl asti c wor kargetymaterialps pavpn0. hepeat ed three to five times.




Subjecting a raw material to the above-described high-rate plastic th( e
of the present invention can inpart desired properties of a sputterl ng
target to the material. The high-rate plastic working of a material is
preferably conducted until a processing percentage 30 of at |east 5%is
reached, while the lowrate plastic working can be conducted at an opti onal
processi ngoResewt age. A raw nmaterial can be heated by prixeloly| ous heat
produced upon the plastic working during high-rate processing t he
present invention. It can be preferregxAatLEg raw material conprising
titani um be maintai ned at a tenperature of not nore than 400C during 35 the
pl asti c wor ki ng. the raw material is nore than
400C, the raw ma e'rn T’eé' O"clégr]l]eggwglf %?IWS&%EF%WC%?&‘%FXWM h, which can
render it difficult to obtain fine 6 0 8 APR 2004 wo 61/ 24279 PC

| USOCO 28454 crystal grains. It ‘ﬁtgmﬁinsi‘?ﬁ@%: Brﬁ%r%“egd that a raw materi al
conpri sing al um num (such as, _conprising either
pure alum num or an XX gInpangkive gy $ 15 (shown inlable@her at ure of

from about 50C t@ ,amuioaz;ﬁgsa ﬁih’rﬁ&rﬁl%gbthﬁwﬁﬁ aatahﬂemsrrisnmn athzh $ihdo

tenperature of an alu si.ng, raw material is more than 450C t he
raw materi al™5? @ F’} %%&Wﬁ%ﬂ Biegred g fhe plaskice wpriipghstens (3 trcugknder | t

difficult tdd)abeaamdéscmd GelgstialTablgriai Tig. pléstit |utoaﬁngum;ﬁm‘rﬂaa" bﬁiuﬂgmilfir get

mat eri al ;gpr o] sent .1 ny
aver age crygt : gdrg*ﬁqg‘%egg%é%"g? $ h)ee'ﬁ?s 12 worjfhg ?d%hf) sé"r:a ofh"gnt%f nor e
than 2 m APEnErih ran materfal (flaegingl, wpsagpadusied ot alprogessing ¢ b ZQﬁrlsqond

ti tani um COoRRFEdb fdHhink MelSh nERLiQIihid an ,Qmspﬁat% EéLaa Sotatnif a dafked Mh&GTPT €11 NG
this di sclo§ure and fhe clalms t hat fol e term ™average grain size"

refers to a Yra HOZm i "?ﬁ?@fé%%m‘ﬂl’ Eﬂf&’bd by met hodol ogy of the
present invention will preferably have relatively tight distributions of
grains sjzzes. In particular exanpl e distribution will be such that
at Ieastf99%of the grains of a targlseq&t—l':tvlm be within a factor of 10 of
the nean grain size. 15 An al um num conpri 5| ng target material produced by

a process pf—tjhe |carce|_|aL lﬁuvm UII \,ﬁin TV glcgsohvcraﬂ l;"")t?glt & 'QI_F"I n size
of not norg than r’gngéﬁ pref qr ?E)ﬂgy bt | m)rﬁaiehén_ 13”’[)‘112.{“@%!“' ilmit of
t he averagg cr ystalphg{moﬂil ze |o %) um nuig Lonpri s| n length)
(a) | Circumferential direction 8.7 20 137 x 180
(elongation)
(b) Axial direction 44.4 Speed described in 184x 100
(spread) Table 2
(c) | Circumferential direction 25.5 20 137 x 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
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 spontaneouns heat.

Measurement of Average Crystal Grain Size
After polishing the surface of the obtained target matenal 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. Thereafier, the surface of the

target material was etched with boiling nitric acid to cxpose a grain boundary thereof. The

exposed grain boundary was magnified 800 times by an optical microscope and
8




target material is usually 0.1 m 7 O B APP 2004 WD 01129279 EXANPI.{]:‘BSﬂpR 2004
PCTI US00128454 The invention is illustrated by, but not limted to, the
foll owi ng exanpl es. 5 Titani um Processi nhg Exanpl es Exanples 1-6 and
conparative exanples 1-5 (shown in Table 2) A round, rod-shaped titanium

I ngot having a dianeter of 150 nm a length of 150 nun and a purity of

99. 995% (wpeaeght) is subjected to the plastic workingpgv@Rsgisy through
(d) that are described belowin Table 1. The plastic working steps were
cont i nuous| yrb®ewphedu Eroackhe phtaredtphptegraphSihb g epge ntystalcgraih eizp vassmdaguredor ki ng, a
further pl asgy LuiRidie Rihb® ! The FRABARI BV P E8i@v material (forging) was
conducted at "a processing rate of 20% second, thereby formng the raw
material into an appropriate shape and obtaining a target material having
a size of 410 mmin dianeter x 20 nmtapdength. 15 TABLE |

Pressur e-appl yi ngProcessi ngProcessi ngFi nal D nensi on

di recti onPqr caizhm (di amatBéesdime X (PhARG AP0 {77 S NambkSgt gt N
(a) G rcunf qr enté fveecCt|i on8. gl 37 X E80 Calipseat i on) ( Bpdbiad
di recti on44. 4Speashptiescr ilbed @ndésax 100 (Trgagy) Table|2 (c) G rcunfeqenti al
di recti on29. 528dmparaivé 80 (€T ONgag on) __| (d) Axyga) di r egti ondZASpeed
descri bed ijin184mplQ (sdread) Table 2 The lowrate plastic working for
el ongat i on |WaSce@piatREt €0 Oy a Ny@r aul 1 ¢| pr €SS3g Z0 NeTiod, argh the high-rate
plastic worki ngehRplegpr €4di ng was conduct ed by a hammpr press met hodl.
During the faboFgplARET C [WOT KI IG5 STEpS, | The tgfperatuje of tfje raw jateri al
Was Example 3

Comparative 66 9.7 36.

Example 4

Comparative 88 5.2 8

Example 5

Example 1 100 3.4 P

. Example 2 500 25 2

Example 3 ; 1,000 --2.0 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 = S0nm. The sputtering formed a2 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 pm was measured with respect 1o 12 silicon wafers, and the average of the

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




mai nt ai ned at about 300C by the spontaneous heat. Measurenent of Average
Crystal Grain Size 25 After polishing the surface of the obtained t{py gl 2004
mat eri al by sandpaper, the target naterial was etched with boiling nitric
acid and then subjected to electrolytic polishing to finish the surface of
the target material into a mrror surface. Thereafter, the surface of the
target newowi/z2™nvas etched with boiling nitric acid to sxpesez&sgrai n
boundary thereof. The exposed grain boundary was magnified 800 times by an
optical mcroscope and 8 0 B v Progyssing Exppapdes PCT/ USOQ/ 28454

phot ogr apheg Er omt @dﬁkm_ &ﬂhﬁ_ﬁgﬂ @!mhﬁﬁ?ﬂyﬁﬁ&gﬁnﬁmshﬁ| Tgr Fu n25| Ee
was neasure y a ra results sho n e

Tabl e 2 Exanpl es a E@&‘fﬂﬁg‘ﬂ\?w&%'@'ywwmﬁbﬁww ive Rate
G ain Size '9P89% by 0s:ghtEwamB%9:@%e$gacmpﬁb)(imsemgiraﬁg MﬂcrihD?’ﬂmGig’bt Ex le 1

Conpar at isve hgé)? gm%fgg' oﬁm%nd?a %‘REFR 3 PSIOImm The ingot was subjected to the plastic

working steps (a) to (f) that are described below in Table 3. The plastic working steps were

continuously conducted three times. Subsequent to the plastic working of steps (a} to {f}, a
further plastic working for spreading the raw material (forging) was conducted at a
processing rate of 20%/second, thereby forming the raw material into an appropriate shape

10 and obtaining a target material having a size of ‘410 mm in diameter x 20 mm in length.

10




4518. 047 Exanple 3 Conparative 669. 736 Exam | e 4 Conparative 885.28 Exanpl e
5 Exanpl e 11003. 42 Exanpl e 25002. 52 Exanpl e 31, 0002. 01 Exanpl e 42, obdAPRB 1004
Exanpl e 54, 0001. 61 Exanpl e 66, 0001. 41 Determ nation of the Particles The
target material was cut into a disc having a dianeter of 250 nun and a
thickness 10 of 12 mm The disc was placed in a sputtering device and
sputt er edwiy¥ipéy he following conditions: Power = 3 K sure = 10
mrorr; Gas ratio (AT/N2) =1/1; and Film thickness = 50nm e sputtering
formed a TiN filmon a 6-inch silicon waBegE3 After conpletion of the
sputtering, the nunber of "particles"” in the thin filmformed on the
silicon wafer was neasured using a |l aser-type particle counter (trade
nane: " SF- g426r—3t5—ranrufactureerby—FENEOR-HAstrurert-s-Cor-p——TFhe—nynber of
"particles'l hayi nBreasuilé-sppiyiny DfPratessdimpndt 3Pipresvig M aFikiak Dinddrisionr ¢spect
to 12 sili¢on af er sdiratich t he aydteagmagd [t he R®asured WdiankRerwasx
determ ned|to pe t (phemendpen) of | pari%)cl eg" pef/eeak silli conlegter. 9|0 8 APR
2604 WO 0129274 pCI7USO028454A um num PrfOCESSI Ng EXalnpl es_exanpl es| 7-12
and conpar atPve expmdLenialy (showh’in Table 40 A roynd riddxddthped
al umi num- all oy} i HErstionsIoBeAtion) of al umi num (a purity off 99. 999% by fwei ght)

with 0.5% yb)V\Fi ghty  CPRRSE. S Uped 23 a st§1|;ete!1 Hgmq&ftderi al 'ISIQ?Od ngot

(spread) in Table 2
) Circumnferential 25.5 20 137 x 180
direction (elongation)
d) Axtial direction 44.4 Speed described 184 x100
(spread) in Table 2
€) Circumferential 25.5 20 137x 180
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 temperatures immediately before and
immediately after the working step (b) were maintained at 30°C and 100°C, respectively: the
tfemperatures inmediately before the working step (d) {controlled by cooling) and that
immediately afier 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 eiching solution composed of HCI:HNO3:HF:H20 = 3:1:1:20
20 (weight ratio) to exposc a grain boundary thercof. 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 methed. The results

are shown in Table 4.
11



5 had a dianeter of 150 rumand a |length of 150 nmm The ingot was subjected
to the plastic working steps (a) to (f) that are described bel ow 0§ APARAIE
3. The plastic working steps were continuously conducted three tines.
Subsequent to the plastic working of steps (a) to (f), a further plastic
wor ki ng for spreading the raw material (forging) was conduct ed at a
processi Nngolyihdsef 20% second, thereby formng the raw paf Mnto an
appropriate s ape 10 and obtaining a target materi al haV| ng a size of 410
mmin dianeter x 20 nmin length. 10 0 8 APR 2004 WD 01/ 29279 TABLE 3

PCT/ USO0t 28454 Pr essur e- appl yi ngPr.ocessi n ogessi ngFi nal Di nensi on

di recti onPer cent ageRat e( di anet e?&*ﬂ%ﬁ%ﬁ%%(% sec.) | ength)

a) G rcunf er ent i alThe wéRBaterial 48 vt clist bmur(gealchmgm pfoa%P nion) Audiaghickness
direction44. 4 )a

c)CG rcunfer ent§ ?gﬁgSQ?%%‘ggﬁng%ﬁg%e& ;ﬁ gl gﬁ a? Pjgﬁm?dg R foqowmg

di r ect i on44. «4sfibess Reweice § k¥ Gauprsssuon 3(@% fﬁnﬂﬁbFeMZI %% and Film

e) G r cunf er aptknlsZ>50mR0F iR splitteds M%sm-@maﬁc@lfmﬂw% )weEghAmpAnm

di rection44. 4Speed descri bedl184 x 100 El (spread)in TabI e The | owrate
pl asti ¢ wor Kphgiiest walero fiist ‘f‘ﬁ'f?"’\‘/!&%"fdmﬂf[?P% ”ﬁ’ﬁ“ﬁ’ﬂ‘“&? hB?&FEﬁI'Péheﬁ?'ﬁss and
t he hi gh-r at@mploasckion MO kikéon Gvafed rwas [ieaditbid NGinpasSla@pygtl phrdcle daunteg (SF- hamer

press. Durl n&ZO’" manufactured by TENCOR Instruments Corp.). The number of "particles” having a
10 diameter of at least 0.2um 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.

12



the plastic working steps, the tenperature of the raw materi al

mai ntained in the range of from50C to 450C. For instance, themﬁﬁé%iﬂﬂﬁ ng
of Exanple 9 of Table 4 (processing speed 10 of 1, 000% second), was
conducted as follows: The tenperatures imedi ately before and immediately
after the working step (b) were maintained at 30C and 100C, respectively;
the tenpgy ]&.2% i mredi ately before the working step(ggzT | 1 ed by
cool i ng) an t i medi ately after the working step ( i ntai ned
at 80C and 150C, respectively; and theramgngeratures imedi ately before the
wor ki ng step (f) (controlled by cooling) and that 15 i mediately after the
working step (f) were mai ntained at 80C and 150C, respectively. Measurenent
of Average _Q"_y_s_t_ael___@",’-u n-Size-After nolishi Rg the-surface of the-obtai ned
target Wateriei;mhme@.ﬁﬁndpapeﬁmcekéiﬁgtar getAveraget@ymall S olugibedfwi th an

et chi ng solfuti gomp@s@esed of HGadINGS: HF: H2Gksin 8izd - 1: 20  2Parfiviey"ght |rati o)
to expose 3 gram.ﬂmndary thqvmé) The expoqad;}grai n boundary was
magni fi ed §00—tTmES by anoptical T croptope and photpgraphed. From|t he
obtai ned pghot Ggmpasivet he aver ad® crystpal gral¥ size yas neddéred by a
quadr at ur e |met hodmplefe results are shown in Table 4.]11 D 8 APR 2004 WO
01/ 29279 PQTI USOON84S4 Deft er m njﬁﬂson of| the Particles|The tﬁé et rrat erial
was cut intjo a-BrBE*&ving a di ter of 250 and althick 12 mm
The disc pl i'n alsputtering device and sputteted under _thn
followng |5 cgg,qi,‘.;,;,g@s: Power 335 kW [Gas pregsure =3 mlogts Sputfering
gas = Ar (100%¢ gFi I m thickness = 50nm The sputtering fornmed an Al -Cu
aIon film : gt Cu) of—a—6r—t+fAch—stHconTwafer—Aftet
conpl eti on |of Cisepamavet erfi ng, tB@ nunber of "pdrticlep” in Bhé thin{ film
formed on tihe skdample® wafler was neasured using a | asef-type particle
count er (Sh- b4zU||\/| manuffactured_by TENCOR Instrunentpg Corp@ The hunber
of "particlles" CRERFAYCa 1§0 di ameter of jat | east 0.2m pas med8lred with
respect to 12 & pmRlet0 waflers. and the average of the|neasured val ubs was
determned [to nga}ngﬁ.,nunher of jgarticles" pepgzone sijicon wgfer. 1P 0 8
APR 2004

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 13
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WO 01/ 29279 TABLE 4 PCT/ USOQ 28454 Exanpl es and Processi ng Aver age
Nunmber of Conparative Rate Grain Size "Particles" Exanples(% sec.)(

10

15

The invention described herein can provide an industrially useful process for
producing target materials which are reduced in the number of “particles” generated during a
film-forming process relative to conventionally-produced target materials. In particular
embodiments of the invention, the target materials can comprise one or more of aluminum,
titanium and copper. The invention can enable high throughput of materials by reducing
processing steps. Specifically, a grain size of a target material can be reduced simultaneously
with the shaping 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
accordingly cutting and other material rempoving 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
nvention is not Iimited to the specific features shown and described, since the means herein
disclosed comprise preferred forms of putting the invention into effect. The invention is,
therefore, claimed in any of its forms or modifications within the proper scope of the

appended claims appropriale]y interpreted in accordance with the doctrine of equivalents.

14
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Conpar ati ve 1020082. 3 Exanpl e 6 Conparative 1315065.5 Exanple 7 Conparative
2010047.5 Exanple 8 Conparative 275733.4 Exanple 9 Conparative 523020.9
Exanpl e 10 Exanpl e 7100205. 6 Exanpl e 8500103. 9 Exanpl e 91, 00083. 2 Exanpl e

102, 00062y4 0129279 PCT/US00/28454



Exanpl e 114, 00041.5 Exanple 126, 00021.3 13 0 B APR 2004 WD 0129279

PCT/ US00/ 28454 The invention described herein can provide an i ndust(§ APR g0k
useful process for producing target materials which are reduced in the
nunber of "particles" generated during a filmformng process relative to
conventional | y-produced target materials. In particular enbodinents of the
invention, the target materials can conprise one or nore of alumnum 5
titani um and copper. The invention can enable high throughput of naterials
by reduci®gimprocessi ng steps. Specifically, a grain size of a target
material can be reduced sinultaneously wth the shaping of the materi al
into a tafged nkimddotryduting the ram sizedif @ ntakeaial, cempmymgpri ately configured to
forma target shape during high-rate plastic working. The invention can

al so reduce mat er isabjesting e mates taplpyisoesising atrrresdssipg pamofas 128t med i nto
the shape of a target, and 10 accordingly cutting and other materi al

renovi ng steps d&OP/abeccadoi ded in formng targets. In conpliance with the
statute, the invention has been described in | anguage nore or |ess
specific as to structural and net hodi cal features. It is to be understood
however, that the invention is not ted 0 the. eC|f| f.eat u £5 shown
and ddscr-bekhe msthpde FWWH%‘P@FWB t "SVE?% for ns
of putting the invention into effect. The i nvention is 15 therefore,
claimed in any of its forns or nodifications within the proper scope of the

appended ns fglg&? gﬁpﬁ doct rine
of equi va?e#hgm%&%i é&% %ﬁ%g ﬁgﬂd"[& or %s\g: %‘%”%‘he grain size
of a materi t,s;gm % hSGhh Y e HRodtBlifY fafl ofla@iBliadtdeletdiiaki Ng at
a processi ngé'?%{ ?hﬁ% %é;‘%mfoocw secgnd 52. The method of claim| further
conprising shaping the material into a sputtering target. 3. The nmethod of
claiml wherein the plastic working further conprises a processing

per ceqit age fheaheth®Pstlc1dhio]l Wiickein tha imataiahéangpriséscone oo oess o ijumiatms, ofppat | east
100% second. 104. The nethod of claim 1l wherein the material conprises one
or nore of wdmtemium copper

5. The method of claim 1 wherein the processing rate is at least 4,000%/sccond,

15 6 A materia) comprising aluminum grains, with an average crystal grain size of the
aluminum grains being not more than 20pm; and the material comprising Mn in addition
to alumninum, with a total non-aluminum content of the material being from about 0.01%

to about 10% (by weight).

20 7 The material of claim 6 comprising at least one element selected from the group

consisting of Si, Cu, Ti, Cr, Zr, Hf and rare card_: clements.

8. The material of claim 6 wherein the average crystal grain size of the aluminum
grains is not more than 10um.
25 _
9. The material of claim 6 wherein the average crystal grain size of the aluminum

grains is not motre than 4pm.

15



and titanium 5.The nmethod of claim 1l wherein the processing rate is at

| east 4, 000% second, 156. A material conprising alum numgrains, w fﬂhﬂﬁ%
average crystal grain size of the alum num grains being not nore tﬂ a %
and the material conprising Mh in addition to alumnum wth a total

non-al um num content of the material being fromabout 0.01%to about 10%
(by weight). 207.The material of claim®6 conprising at | east one el enent
selected fromthe group consisting of Si, Cu, Ti, C, Zr, H and rare earth
el ements. 8.The material of claim®6 wherein the average crystal grain size
of the al unimum giTak mstdriz) nbctlairm‘r‘ehqrnarﬂhqwgzm*?}rﬁ@nﬁﬁﬁéﬁ’éla SHER ai m 6
wherein the average crystal grain size of the alumnumgrains is not nore
than 4m 15 OgpBinAPRn@Giete f@n 2Eme material of claim6 wherein the average
crystal grain size of the alum numgrains is not nore than 211m]1. The
material of claim6 wherein the total non-al um numcontent is from about 5

0.03% to 3% by weight). 10 15 12 mater | consi stin ent | of
titani um grblns, \Ei%f’ Frazrieh obsl2iged ‘C’%’%‘Pé’l’c B%P?F‘ﬁwgm o‘%nﬁﬁt@?%g Pg;rﬁoﬁtm grains
bei ng not nore than gr&andéﬁ]er ein the material is at |least 9999%¢titani um
13. The Smat er PAP0P 34EY B herei n the average crystal grain size of the

titaniumgrains is not More than 2m 14. The material of claim 12 being at
| east 99.9999% pure in titanium 15. The material of clains 6 or 12 being

in the s hapﬁ. of a A Bxgzekglréoggs‘&ﬁrcg%ﬁalﬂfbf titanium grains, with an average crystal grain
size of the titanium grains being not more than 4pum, and wherein the material is at least

99.99% titanium.

10
13. The material of claim 12 wherein the average crystal grain size of the titanium
grains is not more than 2um.
14. The material of claim 12 being at least 95.9999% pure o titamum.
15
15. The material of cleims € or 12 being in the shape of 2 sputtering target.
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