WO 97/ 25451 PCT/ EP97/ 00020
SPUTTERI NG TARGETS AND METHOD FOR THE PREPARATI ON THEREOF 5

The present invention relates to a process for t he preparation of
i mproved high rate sputtering targets and, in particular, to a
process for the preparation of sputtering targets conprising sub- 10
st oi chi onet r iWOPTA54% um di oxi de with h!ogh el ec'?ri calg HESH& gf"{? Pty to
be used in D.C. sputtering at high - Pawer | evels. Sput tered
coatings of various oxides (e.g. silica) and nitrides (e.g. silicon
nitride) are used 15 to formoptical coatings showi ng interesting
properties on a nunber of substrates. Known applications include | ow
em ssivity filns on w ndow gl asses, cold mrrors on reflectors,
enhanced mrrors for photocopiers and antirefl ective coatings on 20
pi cture glass or TV screens. These coatings are usual | y nmade of
stacks of several different |ayers with different refhggkbye I ndi ces,
preferably a CSPUTTERING JARGETS | AN METHOM,FER Tﬁgfﬁwm
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The present invention relates to a process for
the preparation of improved high rate sputtering
targets and, in particular, to a process for the
preparation of sputtering targets comprising sub-

10 stoichiometric titanium dioxide with high electrical
. conductivity to be used in D.C. sputtering at high
power levels.

Sputtered coatings of various oxides (e.g.
silica) and nitrides (e.g. silicon nitride) are used

15 to form optical coatings showing interesting
properties on a number of substrates. Known
applications include low emissivity films on window
glasses, cold mirrors on reflectors, enhanced mirrors
for photocopiers and antireflective coatings on

20 picture glass or TV screens. These coatings are
usually made of stacks of several different layers
with different refractive indices, preferably a
combination of low and high refractive index, to
produce optical filters. For antireflective coatings

25 it is preferred to combine two materials showing the
highest and the lowest possible refractive indices.
Such materials are titania and silica. Another

- advantage of these materials is their durability. For
low emissivity films on window glasses it is preferred
. 30 to combine a silver layer with a high refractive index
material to dereflect the silver which improves light
transmission.

Titanium dioxide coatings have a high refractive

index and can thus be used to provide coatings of a
35 high refractive index or to provide the high



produce optical filters. For antireflective coatings 25 it is preferred

to combine two materials show ng the hi ghest and the | owest possible
refractive indices. Such materials are titania and silica. Another
advant age of these materials is their durability. For | ow em ssivity
films on window glasses it is preferred 30 to conbine a silver |ayer

~Wi th a hi gh wepsssi ve i ndex material to derefl ect tRETEPYNGO2OWNI ch
i nproves |ight transm ssi on. Ti t ani um di oxi de coati ngs
have a high refractive i ndex and-can~thus be used to provi de coatings
of a 35 hi gh refractive index or to provide the high
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- 2- refractive index coatings in optical stacks. The exi sting

process for pr oduc%ﬁgcgitanjrgélﬁ){i%%it%?s int ndéw%t%mr'i SgReUSi NY

titaniummetal aS5StHE-YE ng targe d using oxygen as a
conponent of 5 exhsthasproerss foFhProAveing ntitanivm ddexierted to
titani um di oxi decgHtiAgs t demePiddse isiagPt PESSHum metalAlashengh satisfactory

coatin ' ' ' T
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5 the plasma gas. The titanium is thus converted to

titanium dioxide during the sputtering process.

Although satisfactory coatings of titanium dioxide can

be produced, the rate of deposition is very slow and

much slower than coating with zinc oxide and/for tin

10 oxide. _

As a substitute for titanium dioxide it has been
suggested to use alternative materials such as niobium
oxide. Whilst it is possible to coat a substrate with
niobium oxide using a niobium metal target at slightly

15  higher speeds than the equivalent process using
titanium, niobium is very expensive.

JP-A-07-233469 describes the preparation of a
sputtering target by hot-pressing titanium dioxide
powder in a nonoxidizing atmosphere and sintering the

20 compact. The sintered compact comprises TiO, where
1< X <2 with a resistivity of 10 ohm.cm which is too
high for D.C. sputtering at high power levels. The
stability of the sputtering process and the arc rate
are both very dependent upon the conductivity of the

25 target, particularly at high power levels.

JP-A-62-161945 describes a method of
manufacturing a ceramic sputtering target in which a
ceramic material consisting mainly of 2ro,, TioO,, §io,,
Ta,0;, Al,0;, Fe,0; or a compound of these materials is

30 sprayed using a water plasma spray to produce a formed
body which may be used as a sputtering target. The
sputtering target is used for high frequency
sputtering of non-conductive target materials.

Accordingly, there is a need for an improved

35 process for the production of sputtering targets



10 _oxi de. As a substitute for titaniumdioxide it has been
suggested to use alternative materials such as niobium oxi de. Wi | st
it is-possible to coat a substrate with . ni obi um oxi de using a ni obium
metal target at slightly 15 hi gher speeds than the equival ent process
usi ng I tani ni obiumis very expensive. 33469
descri bes th&v%%ﬁgsg]ation of a sputtering target by hot- ég@éﬂ,zﬁg
titani um di oxi de powder in a nonoxidi-zi ng at nosphere and sintering

t he 20 conpact. The sintered conpact conprises Ti(Jerr] where 1<
X <2 with a resistivity of 10 ohmcmwhich is too hi gh for D.C.
sputtering at high power |evels. The stability of the sputteri ng
process and the arc ra ot h ve ependen

conductivity of t‘?%“%smﬁan‘Et's{:ﬁh‘:’)tﬁ?ﬂﬁt& éB tﬂq'b"rft)‘pé%?F ngel s.

JP- A’ 62- 161945 deiawalwes therbbhepressing andrgnm:gn.ug i repte cff IF-A-

sputtering target &N ekpa mai nly of
oree, Tiofer ] é:lioizhs"ﬁs‘é afd which CEARBE UBRECED t ré6@iSd Sidi)

err]J.er Al2 3 or a compound of
these material s i PHRtS “%nggﬂvﬁs? ﬂ'l\ﬁéf’c"é'rg pFégFrér%‘fﬁ]ay to produce a

formed 5bod>coﬁamitmy:ybeoubemssdaassﬂmrger Bhget tarpets With
sputtering targetg dn@ol‘éﬁ?@hfaﬁhshhﬂhhiéﬁ%%y levels. sputterl ng of
non- conductive ta t materrals ord| ng there is.a need
for an inproved 35 "ﬁr&‘@é’?s“?ﬂrs'ﬂwjpﬁ’dlﬂ}é’t ﬁCBYe ?)%ttit?rtr g SRR <
WO 97/ 25451 dioxide can be D.C. sputtered at higTHpeRdy /1M
- 3- from a target comprising sub-stoichiometric titanium

10 dioxide to provide a coating on a substrate of sub-

stoichiometric or stoichiometric titanium dioxide.
Accordingly, the present invention provides a
process for the preparation of a sputtering target
which comprises sub-stoichiometric titanium dioxide,
15 TiO,, where x is below 2 having an electrical
resistivity of less than 0.5 ohm.cm, optionally
together with niobium oxide, which process comprises
plasma spraying titanium dioxide, TiO,, optionally
together with niobium oxide, onto a target base in an
20 atmosphere which is oxygen deficient and which does
not contain oxygen-containing compounds, the target
base being coated with TiO, which is solidified by
cooling under conditions which prevent the sub-
stoichiometric titanium dioxide from combining with
25 oxygen.
Sub-stoichiometric titanium dioxide, TiO,, where
x is below 2 and generally is in the range of from
1.55 to 1.95 is known in the art. When produced
according to the process of the present invention the
30 electrical conductivity will vary, depending upon the
stoichiometry, the most preferred form having an
electrical resistivity of 0.02 ohm.cm.
In carrying out the process of the present
invention titanium dioxide, TiO, is plasma sprayed
35 onto a target base, such as a backing tube or plate,



conprising sub-stoichionetric Tierr] which does not

i nvol ve the

hot - pressing and sintering route of JP-A- 07- 233469 and whi ch can be
used .t o produce such targets which have a high enough el ectri cal

conductivity to be used as large size targets with

conpl ex shapes at

hi gh power | evels. We have now surprisingly discovered that
titanium  WORHR de can be D.C. sputtered at high power RE#ER9H00020
di oxide to
provide a coating on a substrate of sub-4 = stoichionetric or

t he present

I nvention provides a process for the preparation of a sputtering
t ar get whi ch conpri ses sub-stoichionetric titani um di oxide, 15

TiOx, where x is dogl @¥ag travaneaﬁwlwéer lozakan electf-féaﬁy vity of less

froma target conprising sub-stoichionetric titanium 10

stoichionetric titani um dioxi de. Accordi ngly,

5

thanOSohmcm de,. whi ch
process conpri se§°%d“°tlﬁﬁa§ﬁﬁe§1:ﬁ]a{yg§% ﬁxfg'ﬁﬁﬁn#ﬁb&fm Oxéﬁ‘%lef’rri °
optionally ticgeiilnar matah, Ml induxiote coppen. a The gargca:smayn an 20

at mosphere whi ch oo BXUAENeGEL | EAGR BN 4ntaEh, 1967 exam

oxygen- cont ar ni ng conpound rget base bel ng coated with
TiQerr] whiZh i Fo&atRBle Earget or a Lk magnghreR %4 ons whi ch
prevent the sub- DustingcthenElasma tspraying proceske, ftlemardribinnofig with

wher e

25 oxygenX . be 1asm§U91§$Q'cﬁh'1£i{Eatt ‘t%n&hha@wm&’é%‘al

r%‘é s thel err]
rom

1é’lC§ contain

w 2 and %‘éera In the ran 55
to 1.95 i s known Gifapgumadiox nt'i)r]t%ﬁ?céd’me oxXYdeR ¢ ?‘Eﬂ%gfrt‘i?‘ s process
of the present inattiiicen phef@bably cfrmt rtheaksuedadecof ViHe/ pairitliclasy,

dependi ng uppn ”1%9. tltafxiéﬂ'g%)g:m?é Ve doh%eReh P{r@éeéﬂé

electrical TesistivVv

I Ng

out the

process of the prsé%’é iometrie {4 oy &-i P&ﬁrﬁﬁ?ﬂ%k?‘!%trxﬁ @‘Ylg§npl asma
sprayed 35 ontdefd di@ngetibanta. surte primalrgcilagna uizes arsedl foe,

the plasma spraying is preferably argon, with hydrogen

as the secondary plasma gas in order to obtain the

15 highest temperatu:es'of the particles. The titanium
dioxide which is subjected to plasma spraying
preferably has a particle size in the range of from 1

to 60 micrometres,;preferably in the range of from 1

to 20 micrometres. The sub-stoichiometric titanium
20 dioxide which is coated on the target base is

solidified under conditions which prevent it from _
Preferably

regaining oxygen. and reconverting to TiO,.

the target base is water cooled during the plasma

spraying in order to gquench the titanium dioxide in
25 the sub-stoichiometric form and to improve the
coriductivity thereof. It is also important to use a

certain amount of hydrogen or nitrogen in the plasma
gas in order to produce a high temperature plasma and
to assist in the reduction. Hydrogen is preferred

30 because of its reducing powers. Preferably particle
temperatures of above 2000°C are used, more preferably

above 2500°C.

In a particular embodiment of the present
invention, the titanium dioxide may be plasma sprayed

35 together with niobium oxide.

¢ fy2r m having an
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- 4- for exanple a target base of an electrically conductive
material, for exanple stainless steel or titaniummetal, alum nium or
copper. The target nmay be of any type known in the art, for exanple a

5 rotatable target or a flat magnetron target. gﬁhin t he
pl asma sprayﬂﬁbyﬁgﬁﬂess, the action of the plasma flank P%ﬁh@”

titani um di oxi de causes the titani ungdioxide to | ose sonme oxygen atons
fromits | attice, preferably fromthe surface of the particles. 10

The titanium di oxide is converted into the sub- stoichionetric form

I .e. non-stoichionetric oxygen deficient titania. The primary plasna
gas used for the plasma spraying is preferably argon, with hydrogen
as the secondary pl asningasfurthardaspestobierresant) gnveptipaspalso

tenperatures of tpgoPddés A §rocH® Fokathe preparatdionkiode subi-ch is
ettt oD 2 RotBhihdhic vieallifh A MIad®, PUREEd 3 L LN 1N

range of from1 ncrometres, "preferaply*l e range of froml
to 20 nicronetresbelte upaving @m edectrical trerinhiddty ofi dspactMich is

coated on tp% targel bpMfomS which p&abad'sf%@ﬁbm sﬁfbﬁdbt'ﬁ.ﬁ?_fSOZVW ch

Preferably  thEaphPEaias oG pifa Rt 4% BB ol asm
atmosphere which is oxygen deficient and which does
not contain oxygen-containing compounds. In carrying
out this process the titanium dioxide is preferably

10 sprayed through a plasma flame, for example a plasma
flame using a mixture of argon and hydrogen as the
plasma gas. Preferably the plasma flame will operate
at a high temperature to raise the temperature of the
particles to above 2000°C.

15 The sputtering targets which are produced
according to the-pfpcess of the invention have a high
electrical conductivity and thus are able to run at
high power levels using conventional D.C. power
supplies, without:the need for expensive arc diverter

20 systems, or D.C. switching power supplies, or the
Twin-Mag System where two targets are sequentially
used as anode and cathode with a mid-frequency power
supply, or any special requirements of a gas control
system. Using the targets produced according to the

25 present invention, D.C. sputtering can be carried out
at power levels of up to 100Kw. The main consequence
is that large target bases, e.g. rotatable 3.5 metres
long and 150mm in diameter can be coated up to a
typical coating thickness of émm.

30 The targets produced by the process of the
present invention do not suffer from significant
arcing problems because titanium dioxide has a higher
melting pecint than titanium metal for which so called
“wapour arcing” is a problem due to the lower melting

35 point of the metal. Even if some arcing does occur



spraying in order to quench the titaniumdioxide in 25 -the

sub-stoichionetric formand to i nprove the conductivity thereof. It
is also inportant to use a certain amobunt of hydrogen or nitrogen in
t he pl asna gas in order to produce a high tenperature plasna and

to assist in the reduction. Hydrogen is preferred 30 because of its
reduci ng povWwe972548% ef erably particle t enper at ur es ofPCXIEPYZ00020

2000[ err] C are used, nore preferably above 2500[err]C. In
a particul ar enbodi nent of the present- 6 = invention, the titani um

di oxi de may be plasma sprayed 35 t oget her wi th ni obi um oxi de.
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- 5- In a further aspect the present invention al so

provi des a proce f r at | bs . I.chl tric
titani um di oxi de?gxfi g{'téér%jqnpvﬁﬁi%?[eﬁ% ?ge% 2 Jf)’é?%lv? Za%a@{lp%g&gﬁ&el ectrical
resistivity of |@aBagefe the taydPtohm cm which process conprises

subj ec':]i ng . _titaﬁymﬂ%ﬁngnaiahmmtme&mﬂ QedBribed
at nrosphere which_is, o i,Ci ent an not contain
oxygen-cont ai ni nﬁlggrr%%g%c:%’%e ﬁocg:;ﬁﬁy?ﬁglowmg %gie“ﬁ%lrﬁss? process the

titaniumdi &ide is preferably
EXAMPLE 1

A rotatable target, water cooled on the inside to

35°C, comprising a tube of stainless steel of diameter

10 133mm and length 800mm was coated to a thickness of
from 4 to 10mm with sub-stoichiometric titanium
dioxide, TiO,, where x is below 2 as hereinbefore
described by plasma spraying titanium dioxide (rutile)
having a particle size of from 10 to 40um ontoc the

15 target using argon as the primary plasma gas and
hydrogen as the secondary plasma gas. 72 litres (60%
argon, 40% hydrogen) were used. The power level was
4SKW (455A, 96V).

20 EXAMPLE 2

A commercial white pigment consisting of titanium
dioxide in the anatase crystal form was used. This
powder is stoichiometric and electrically insulating.

25 The powder was mechanically agglomerated and compacted
into flakes, ground, sieved (70 - 100 um) and sintered
at 1300°C in air. The sintered body was then ground
and sieved to a particle size of 10-40um. The
particles were yellow stoichiometric, non-conductive,

30 titanium dioxide with a rutile crystalline structure.

A rotatable target comprising a backing tube of
aluminium (2.50m long and 133mm diameter) was prepared
by plasma spraying of the above rutile powder using
argon as the primary gas and hydrogen as the secondary

35 gas. 75 litres (40% argon, 60% hydrogen) were used.



10 _sprayed through a plasma flame, for exanple a plasma flame
using a m xture of argon and hydrogen as the pl asma gas. Preferably
the plasma flame will operate at a high tenperature to raise the
tenperature of the particles to above 2000[err]C. 15 : The
sputtering targets whi ch are produced according to the process of the
i nventi on haW¥0& el ectrical conductivity and thu ERYTANR ¢t o
run at hi gh power |evels using conv.;\ntlonal D.C. power

supplies, without the need for expensive arc diverter 20 systens, or
D.C. swtching power supplies, or the Twi n- Mag System where two
targets are sequentially used as anode and cathode with a

m d- f requency power supply, or any special requirenments of a gas
control systeren pduisé:ﬂglé\hﬂ WasgS0kWD( DI cdiSSA)or dThe phashee 25

present invention a | Ievels
of Up to 100Kw ﬁgpan&. g B d Yarddel Qu@eux‘ﬁf’éf ae%ﬂ:'i'togen atm@&ﬁaﬁses

nsequence ge tar
rotatable 3.5 netres The t#w% ¥ag 186RHed rF‘Ejllaﬂ?etr@m nA BE cBeEY up to a
typi cal coating thbtakskssimf wism2.36/min untillle doatjegs 4pmotiniekl was t he

process of the  opraPhESENtrHIGRLHENOHOMAD tafdﬂuﬁ.uﬂ £ABesiER fACan!

arci ng probl ens because titanli um di oxid nel t1ng point
than titani um met §8Po4eR Wiz Femperatpeg of 559 FapotifeafRItRf $argaetprobl em
due to the | ower hAaditangesifstivity of 0of 07 heshmainal . Thieveargétswa® arcing

does occur 45] _
ted at 1 1ls of to 100kW
PCT/ EP97/ 00020 subsg&hég%f;i ec a pow?r eve.s © up. o 100kW and
worked well in the sputtering equipment without

10 significant arcing. The deposition of titanium
dioxide was six times higher than the rate from a
titanium metal target in reactive sputtering.

EXAMPLE 3
15
Example 2 was repeated with a low pressure vacuum
plasma operating at 200 mBar using titanium dioxide in’
the anatase form having a particle size in the range
of from 1 to 10um. Using the low pressure plasma,
20 powders with a smaller particle size can be used.
On spraying onto a target base under the
conditions of Example 2 the anatase was converted into
a sub-stoichiometric rutile form of titanium dioxide.
The coated target had a resistivity of 0.02 ohm.cm.
25
EXAMPLE 4

A mixture of niobium oxide (25 parts by weight)
and titanium dioxide (75 parts by weight) having a
30 particle size of from 0.1 to 2um was agglomerated and
compacted, dried and sintered at 1300°C in air. The
sintered body was then ground to a particle size of 10
to 40um.
The powder mixture was then plasma sprayed under
35 the conditions given in Example 2 onto an aluminium



-6- for titaniumdi oxide there is little acconpanying

damage to the target. The present invention will be further
descr.,i bed with reference to the followi ng Exanples. 5 .

EXAVPLE 1 A rotatable target, water cooled on the inside to
35[err]C, conprising a tube of stainless steel of dianmeter 10 133mm and

| engt h 800MmWEES/28454t ed t o a t hi ckness of from4 to FRUTVERIFAH0020
sub-stoi chionetric titanium dioxide, Tigerr], where x is below 2 as
her ei nbefore descri bed by plasma "sﬁr aying titaniumdioxide (rutile)
having a particle size of from10 to 40pmonto the 15 target using argon
as the primary plasma gas and hydr ogen as the secondary plasnma gas. 72
litres (60% argon, 40% hydrogen) were used. The power |evel was

45kW (455A, 96V) .packithg tube to a coating thicknesEXé§PAmm2 The A
cormer ci al whi t e BINENt CORY RbaNg o1 dddrAlaiMrps it 08 dfr i) ol Ne anatase
crystal form was used. i powder 1S St0i ChTONBLIT & and el'ectrically

insulating. 25 dve goans this fewkdrre H9e a§gRoRef at ERRELRF iGhpact ed

into flakes, growydhged.cved (70 - 100 pm) and sintered at 1300[err]C
in air. The sint erec? body was then ground and sieved to a particle
size of 10-40pm The particles were yell ow stoichionetric,

non- conducti ve, 30 titaniumdioxide with a rutile crystalline structure.



A rotatabl e target conprising a backinmg tube of

al um nium (2. 50m | ong

and 133mm di aneter) was pr, S i | asma sprayi ng of the above
rutile powder using jmﬂ jw)‘lml alﬁ'ary gas and hydrogen as the
secondary 35 gas. 75 i 140%0 , 60% hydrogen) were used.

WD 97/ 25451 PCT/EP97/O§

-7- w2 wer | evel was 50kW (110V, 455A). The pl 7/00020
sprayi ng was carried out under a nitrogen atnosphere. The targe
was rotated at 100 rpmand the torch ~ ? JFranslation was 2.5m nin unti

coating 4mmthick was 5 obtained. The inside of the alum nium tube was

wat er cooled to a tenperature of 35[err]C. The
had a resistivity of 0.07 ohmcm The target was
at power |evels ogramugo 100kW and wor ked wel |

coated target
subsequent |y tested
in the sputtering

equi pment wi t hout 10 significant arcing. The deposition of titanium

di oxi de was six tinmes higher than the rate froma

titani um net al

target in reactive sputt erh R¥ocess for the preparation of a spyStewing 3 15
target which comprises sub-stoichiometric titanium

5 dioxide, TiO,, where x is below 2 having an electrical
resistivity of less than 0.5 ohm.cm, optionally
together with niobium oxide, which process comprises
plasma spraying titanium dioxide, Tio,, optionally
together with niobium oxide, onto a target base in an

10 atmosphere which is oxygen deficient and which does

not contain oxygen-containing compounds, the target
base being coated with TiO, which is solidified by
cooling under conditions which prévent the sub-
stoichiometric titanium dioxide from combining with

15 oxygen.

2. A process as claimed in claim 1 wherein the
target base is water cooled during the plasma

spraying.
20

3. A process as claimed in claim 1 or claim 2

wherein the plasma spraying is carried out using argon

as the plasma gas and hydrogen as the
gas.
25

secondary plasma

4. A process as claimed in any one of the

preceding claims wherein the target base is titanium,

stainless steel, aluminium or copper.

30 5. A process as claimed in claim 4 wherein the
target base is a rotatable target or a flat magnetron

target.

6. A process as claimed in any one of the

(&)
in

preceding claims wherein the titanium

dioxide which is

t
a



Exampl e 2 was repeatEH—ETTE_E—TBETE?€§§Ure vacuum
200 nBar using titaniHmm ' ' g ~ the anatade
size in the range. : mmﬂm’muHmOpm Using th
20 ° powders with a shfmlfert pdrtiscl e size can be uged
spraying onto a target base under the conditions of Exanple 2 the
anat ase was W@R¥VeHMskd into a sub-stoichionetric ruti IPETESY00S0

titani um di oxi de. The coated target had a resistivity of 0.02 ohmcm
25 EXAVPLE %4 10 - A mixture of niobium
oxi de (25 parts by weight) and titaniumdioxide (75 parts by weight)
havi ng a 30 particle size of fromO0.1 to 2pm was aggl onerated and
conpacted, dried and sintered at 1300[er]rCin air. The si ntered body

was then ground pRasmRashr&yed Hattpaktible size lih 4MMrange of from IN€
powder m xture Mﬁsgthﬁg | asnma §p%ayed under 35 the conditions given in
a untn '

i ng at
irticle
-gsma,

Exanpl e 2 onto P tpomet WD 97/ 25451
PCT/ EP97/ 00020 - 8-
7. A process as claimed in any one of the
5 preceding claims wherein the titanium dioxide is

plasma sprayed together with Nb,O,.

8. A process as claimed in any one of the
preceding claims wherein the sub-stoichiometric
10 titanium dioxide, TiO,, has a value of x in the range
of from 1.55 to 1.95.

9. A process as claimed in any one of the
preceding claims wherein the sputtering target has an
i5 electrical resistivity of about 0.02 ohm.cm.

10. A sputtering target comprising sub-
stoichiometric titanium dioxide whenever prepared by a
process as claimed in any one of the preceding claims.

20
11. A sputtering target as claimed in claim 10
which has an electrical resistivity of about 0.02
ohm.cm.
25 12. A process for the preparation of sub-

stoichiometric titanium dioxide, TiO,, where x is
below 2 having an electrical resistivity of less than
0.1 ohm.cm which process comprises subjecting titanium
dioxide to a plasma treatment in an atmosphere which

30 is oxygen deficient and which does not contain any
oxygen-containing compounds.

13. A process as claimed in claim 12 wherein the
titanium dioxide is sprayed through a plasma flame
35 having a temperature of above 2000°C.

This Sheet Has Been Replaced




backi ng tube to a coating thi ckness of 4mm The coated target-had an

J
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PCT/ EP97/ 00020 -9- EEAVS:

1. A process for the preparation of a sputtering ‘target _which

conpri ses suBAY@Mi onetric titanium 5 dioxide, TiO BTW29)0| ow 2
havi ng an el ectri cal resistivity of less than 0.5 ohmcm optionally
t oget her with ni obi um oxide, which profesd Tonprises pl asma sprayi ng
titani um di oxide, TiQ2, optionally t oget her with niobi um oxi de, onto
a target base in an 10 at nosphere which is oxygen deficient and which
does not contai n oxygen-contai ni ng conpounds, the target base

being coated with Ti Orrs] avprobess a8l cxhinetl iy claim 18Oowhérgin IRy
condr [ ons whi ch PIEYENe1dle s o mixededdhYBbLeR hhaRLGER doox de

from conbi ni ng w
the plasma gas.
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2. A process as clalned in claiml wherein the

cool ed durpng_th plasnma sprayi ng. 20 EFLSWA pro

claimed in claim1 or claim?2 wherein the pl 'a spraying isjcarried
out Using ar’mu"""“"ﬁm"m, pl asrra gas and hydr ogdn %amune\s%d r g
pl asma . A process as cllai In any on f the
pr ecedi’ng clai ng wher &i n®t He target base i@ #itani stalnl es
steel, alum nium or copper. 30 5. A prokess as clained-wA claim
4 mherein t he target base is a rotatable target—or a flat magnetron
target. ' 6. A process as clainmed in any one of the 35
precedi ng clainms wherein the titani um di oxi de which is WO

97/ 25451 plasma sprayed has particle RGHERYY /€ Aange of from

- 10 - _

1 to 60 micrometres.

-

7. A process as claimed in any one of the
5 preceding claims wherein the titanium dioxide is
plasma sprayed together with Nb,O;.

8. A process as claimed in any one of the
preceding claims wherein the sub-stoichiometric
10 titanium dioxide, TiO,, has a value of x in the range
of from 1.55 to 1.95.

9. A process as claimed in any one of the
preceding claims wherein the sputtering target has an
15 electrical resistivity of about 0.02 ohm.cm.

10. A sputtering target comprising sub-
stoichiometric titanium dioxide, Tio,, where X is
below 2 having an electrical resistivity of less than

20 0.5 ohm.cm, optionally together with niobium oxide,
which is obtainable by a process which comprises
plasma spraying titanium dioxide, TiO,, optionally
together with niobium oxide, onto a target base in an
atmosphere which is oxygen deficient and which does

25 not contain oxygen-containing compounds, the target
being coated with Tio, which is solidified by cooling
under conditions which prevent the sub-stoichiometric
titanium dioxide from combining with oxygen.

30 1l1. A sputtering target as claimed in claim 10
which has an electrical resistivity of about 0.02

ohm.cn.

12. A process for the preparatioﬁ of sub-
35 stoichiometric titanium dioxide, Tio,, where x is

AMENDED SHEET



p| asma - sprayed has Dartlt‘lp size in the range of from P
m cronetres. 7. A process as clained in anvggéﬂyﬂgﬁ?ﬁgw

ngg?ﬁ;?gmﬂm‘m“m‘ ﬂm”me remem Aot ;r ocess Elsairgfr}%%ﬁg&ny.';

one of the * ¢ ‘'prédceding clains wherein the sub-stoichignetric 10
titaniumdioxide, Ti(Jerr], has a value~o¥lx~in the range Of from
1.55 to 1.95. 9. A process as clained inlany,one of fhe
precedi ng clains wherein the sputtering target has an 15 el ectrical
resistivity of about 0.02 ohmcm 10. A sputtering target
conpr|5|ng sub- stoichionetric titani um di oxi de whenever prepared by
process belewaRnbavingaap edectridad presisfttinity «0fisle$® than

11 A sputterlngotgrgﬁh %ﬁ Qh@bﬁeﬁrbﬁégsmdﬁqg}%iﬁs s%ﬁ?éﬁtfﬁ@ E%E?nlag

el_ectri cal re5|st|V|L¥ about 0. ] ;
process for the PLe¥afs: t8naoPlagpa treatmanyi dn Aneatrosphexs v ifhxi de,

Tio[err], where isi®xygen degliewedthandnghdrtelREy indd dawtsin vady of |ess

t hran 21 oh S es subjecting titanium

di oxide to plasggggh Pﬁﬁa?ﬁgﬁg §°§%§@§E%ére whi ch 30 IS oxygen

deficient and which does not contain any oxygen- cont ai ni ng conpounds.
13. A process as claimed in claim 12 wherein the

titanium dioxide is sprayed through a plasma flame
having a temperature of above 2000°C.

10
14. A process as claimed in claim 13 wherein the
plasma flame uses a mixture of hydrogen and argon as.
the plasma gas.
15
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13. A,process as claimed in claim12 wherein the qmﬁgrﬁdi%xi de is
sprayed through a plasma flane 35 havi ng a tenperature of above {-’\90@ i
2000[err] C. _ WD 97/ 25451 o
PCT/ EP97/ 00020 _ - 11 -
process as clainmed in claim13 wherein the pl asma flame
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