- 1 - Process for producing a target by thermal spraying The present
invention relatés to a process for producing a target intended to be used
in deposition 5 processes carried out in a vacuumor in an inert or
reacti ve atnosphere, especially by magnetron sputtering or by ion beam
sputtering. According to another aspect 1of- the invention, it also 10
relates to a target that can be possibly obtai ned by inplenenting said
process and to tReogess ofox rteductingget thvget ey gihegyomad §brapingning fil ns
based on the material sputtered fromsaid target, and also to a conposition
of the compound for producing said target 15 by the process according to
the invention.t™ari e hni EES 18y 56t uri®ng & arYet LS9 nctUdi ng
certai n powdemprodnning teectamigptesinaemdddiotn. bEhussed hin t degesstion questi on
may result of r YRRecaski ng,AaesR, 20; 41 WS e 0l LIELAl fangels) or a
powder sintering process fol|owe y form.ng operations (in the case of
nmetal target s e36Ei¥R RENOSRAPT g, CERRCIHY &3 SN LERNaSBUPPBF 179 or
direct assenblor of sobat Beed se@i®Misig.or | ess conventionally a techni que of
thermal spraying and 25 nore particularly a plasma spraying technique.
"These targets are intended to be used in processes commonly enpl oyed on an
i ndustrial scdiasordinghite fanapbgaposingasn ofeseti Brygntoipra gltasalswbstrat e,
such as 3Qof orre8xappl &4 he PBREGSE T @RaS PULLETHN o HALSE .- obthiddS Pyocess, a
plasma is createg in g,hlgh vacuum cl ose tﬁ q:taéget conpr%5|n% t he
chemical el emeMPFE e deptsit eB OGRE° afPPveSpblfed! St Phe SH8snd, by
bonbar di ng t heargegetfort edwe ghfrpeaied ol emtatis inghEchn35based deposhe ed on

the substrat e, fiarqbAg thedesid edrbhli did Mardd f hangPegidd c tpasg of a
target intended for_dep05|t|qg}nnl bdenum a non-reactive deposition - 2 -

y
process is us€PTPRSHARECR tOfe PiasHaMP L nbrbseBr oM 32sputtEffhg gas,
pref er abl y5a nobltdegagcobsthecdsrdKig tée the NeveypeonThis process is
i npl enented for | arge substrates and enables thin filns to be deposited on
5 substrates, for exanple flat glass sheets with sides of nore than 6 min
| engt h. These Marigets tsgbaiguprafiar §ebnEr¢iunimdm tulsgitar do6/BeEd

certain powder forming techniques, are known. Thus, the

targets in question may result from a casting process
20 (in the case of metal targets) or a powder sintering
process followed by forming operations (in the case of
metal targets), often hot shaping, and then assembly on
a support, or direct assembly of sintered segments, or
less conventionally a technique of thermal spraying and

25 more particularly a plasma spraying techniqgue.

These targets are intended to be used in processes
commonly employed on an industrial scale for thin film
deposition, especially on a glass substrate, such as

30 for example the magnetron sputtering process. In this
process, a plasma is created in a high wvacuum close to
a target comprising the chemical elements to be
deposited. The active species of the plasma, by
bombarding the target, tear off said elements, which

35 are deposited on the substrate, forming the desired
thin film.

In the specific case of a target intended for
depositing molybdenumn, a non-reactive deposition



10 Pl anar targets have the advantage of being able to be integrated in
cathodes of relatively sinple architecture conpared with cat hodes dedi cated
to rotary targets, which are nmuch nore conpl ex. However, planar 15 targets
have a utilization factor which is generally 50% or |ess, which is not the
case in rotary targets that have a uti4ization factor substantially greater
than 50% 20 In the specific case of thin filnms made of a refractory netal
such as, for exaspbe, isungstehnovhioh yiidemimsnalipbdennnsgei pgla of
partrcularly %X%%ﬁ%téﬁlﬂﬁt@bs,_%ré@beﬁﬁﬁ”d“ﬂ%HM@ 4se betany Agroets of
cylindrical geonetry descrihed in the patent US 4 356 073 since 25
these targets%favF a¥ %aF@PPaI??ﬂéld”(F@ﬁFesﬁ%ttWﬁf?Wﬁ?ﬁﬁﬁo iﬂr%ﬁ
sputtered mat enbalreekat ianel tendbdiles sanvhuir otlmmteoiaezmmﬁd&ﬂﬂ&ﬁcwmthe
target forspradcind:8a! Nl LLmo £l BIAAIPILdNARCENL (RERT E1ADLYogr eat er

t han 75% Wever, varibus o gnetro target geonetries are known:
pl anar (di sk, “§ﬁ@a¢éanréc@ah@ul%ﬁthﬁxnmnr|es and the invention is also
applicable to geonetries other than cylindrical ones. Furthernore, there
are al so other pacuu rocesses _for 35 de ositin nolyb enu her than
magnet r on sputterrngg%ggﬁbs srtarge? ?%eséfrﬁklﬁ &" asé? spgtﬁ%r?ng (1 aser
abl ati on usi ngeamedicyed or continuous |aser) and i on beam sputtering for
exanpl e. These processes nay also - 3 - benefit fromthe use of a target
according to the invention. re rds re part ar bdenum
magnetron 5 tdt drraRSSe lt‘?é’(?e cﬂ‘lé)ar‘“ aocggt? rf%t%@l%l ny

i nventi ons havimteegatkdl ed irel at caighdded he oﬁlIomﬁmgtpvebﬁsse51mpﬂeforning
t he subj ect p ONsadd sied QWi Pat ent
appl|cat|onsnE$§%ﬁ7%Etth 96E5§E%§/8%5§$%% ané&aovm)5%0%/04%7§8taa¥essrng
then sinteri ng-20i9e&s 1i MEBCTora%e preflor RPEBNGEFPASHr e HEHFPESHf POANEH 250 MPa
and at a tenperaigete ofads'88 turi2lizagliohol daawed byhivot ior@Emgreanyabout 15
900C) of this gyef ro r forg this
process al so fﬁ%1 ﬁéglggﬁe hk#?gagneqﬁ) uéL dc%g%nQ%r&gg?g g?% a%nos her e
in order to redude bfee o detEbhtatmiorn nf@ﬁéotaﬁgéﬁtaﬁﬁl@btyoﬁﬁ?ﬁ?eé stress
rel axation anngald mgst.reatnment. 20 Al so known, from patent application WO
2006/ 117145, is the conplete or parti al construction, or restoration, of
targets by cold spraying, which consists in spraying a gas/powder m xture
at supers@di c Melwu topedifé cpoader o25thon belmy marle g rolnedastars,

thereby differjng f remthedherpal SRaMieNg PLARESIESor! MdiR@aeRaR fiCc case

of thin filnms based on a reS|st|ve
molybdenum being a particularly expensive metal, it is

preferred to use rotary targets of cylindrical
geometry, as described in the patent US 4 356 073 since
25 these targets have a material yield (representing the
proportion of sputtered material relative to the amount
of material available on the target for producing a
thin film} of greater than 70%, preferably greater than
75%. However, various other magnetron target gecmetries
30 are known: planar (disk, square, rectangular)
geometries and the invention 1is also applicable to

geometries other than cylindrical ocnes.

Furthermore, there are also other vacuum processes for
35 depositing molybdenum other than magnetron sputtering
using a target: these include laser sputtering (laser
ablation using a pulsed or continuous laser} and ion

beam sputtering for example. These processes may also



oxi de, these filns are generally obtained by the 30 reactive magnetron
sputtering of metal targets and by oxidizing the material in situ by the
partial pressure of oxygen injected into the deposition chanber or the RF
sputtering of a netal or ceramc target. 35 The DC (direct current)
magnetron sputtering process assunes 4lmt- the material of the target
allows the electric charges on its surface to be renoved. This usually
excl udes cer alveoefar gefromf thesiwtd vefcoapdsitgednsaccerding The itHventi on
makes it possi;hlg,t9,Rroduce magnetron targets based on oxides, i.e.
resistive materials, wth the advantage of greatly reducing their
resistivity by 5 introduci ng oxygen vacancies so as to allow the use of the
target in nonpeactievarbe spittricer ipig-tinaddarNonr eatybdend spagberrary t hen
becomes pogsi hl.g.and has Eﬁﬁsé olLaw ng advian agg?a&?ard{jhﬁa é?ﬁ?f% IS nore
stable (no oxygeﬁ pressure hysteresis, no insta |F|t ue to the formation
of a resistiv&ahyl mioyenkaosar f RaBeof PehR | ALLeAI | jetdhbidtiFy tEiYet, no
source of par &ilbeiaHCProcelsgBernsPWdeingg vl esudiagy caddied nef eased by
15 a factor of 1.3 %o E de$ ndiquon t.h éaée are possi bl e in nonreactive
DC magnetron ro§eP28GRh 8 g%?%:%éﬁsgéng diced”  for certain conpositions,
by sintering inPatestiuernyiashbspher’.l TH idhBentiSoR 026/ ABREE%E tapdssi bl e
to produceggsuchyharggkgoithpin addition the advantages associated with

pl asma spraying, nanely: possibility of producing |arge nonolithic
cylindrical targets; 25- possibility of producing |ocal extra thickness on
t he ends of tmesestanggehen( sdogebome"of argetrg)ct and a @redbkwnt(ubdadi ng of

the support tupe, IR 8¢ Mebbakbe A5t FREPdR! &iPNASeenbbELBRYe eHRD! T N
1780 to 2175°C) followed by hot forming (at about
15 900°C) of this preform by rolling or extrusion or

forging. Generally, this process also includes a heat
treatment in hydrogen or a reducing atmosphere in order
to reduce the oxide content in the target and
optionally a stress relaxation annealing treatment.
20
Also known, from patent application WO 2006/117145, is
the complete or partial construction, or restoration,
of targets by cold spraying, which consists in spraying
a gas/powder mixture at supersonic velocity, the powder
25 not being in the molten state, thereby differing from

the thermal spraying processes.

In the specific case of thin films based on a resistive
oxide, these films are generally obtained by the
30 reactive magnetron sputtering of metal targets and by
oxidizing the material in situ by the partial pressure
of oxygen injected into the deposition chamber or the

RI sputtering of a metal or ceramic target.

35 The DC (direct current) magnetron sputtering process
assumes that the material of the target allows the
electric charges on its surface to be removed. This
usually excludes ceramic targets of resistive

compositions.



targets to be used at nmuch hi gher power levels, and 30 therefore to deposit
thinfiTns at higher rates. In the specific case of resistive-oxide-based
thin filns, these are generally obtained by sputtering targets produced by
a sintering process. The sintered 35 nonolithic part is then intended to be
brazed onto a target support in the casei of small targets, or by sintering
segnents or tiles which will then be juxtaposed during the operation of
bonding the target - 5 - support in the case of large targets (therefore
resulting in trﬁég%ﬁfewttl% j %ame%) lifh ots@%m@ t%prp%cng:e( espgsd@ldy pl asma
spraying) 5 techni que useg he (the reader refer ' to JP 701433
and/ or JP 702GS?Qeé‘ﬁdbﬁ?e@Jsowefﬂ@qseﬂg’g@-r d%eSflétSﬁiVEa{“gﬁarlrar%ﬁ ha&ed

mat eri al s) hasheladbbategseoﬁfg&beseynaéencahg thder haad! sapriofy Hawvi ng | ow

maerial viel dh fus,toni e lael thalndhe vapard zati on gl uhe g spr ayed

material |me in material |l osses he process accordlng to
t he |nvent|ontﬁﬁkéérg@tpb%s@%ﬂ%?aQE}ﬂet@CnﬁﬁPﬁfQél@%é@ékiosses and to nake
the process viable for such conpositions; - to reduce the internal
needing to i nAPBEGRIERES pBY oSPE b ST HIY GU raniTRg Fargers B b b
constructed thae faldogieatadvadiadamsses than those of the prior art using
pl asma spggying (far %@npt:sc@sghhgkme% gtaﬁlgm(ha 5@%@@3@@%@@ The
present invention relates to a process Or‘%eF |€g% arget based on a
r | &

conpound chos& SEERBELA | YOF r ot & rdddo 2&t-Ple %dxi Hes

resistive film on the surface of the initially

conducting target, no source of parasitic arcs);
- higher sputtering rates (typically increased by
15 a factor of 1.3 to 3 depending on the case) are

possible in nonreactive DC magnetron mode.

Such targets can be produced, for certain compositions,
by sintering in a reducing atmosphere. The invention
20 makes it possible to produce such targets with in
addition the advantages associated with plasma
spraying, namely:
- possibility of producing large monolithic
cylindrical targets;
25 - possibility of producing local extra thickness
on the ends of these targets (“dog-bone” targets); and
- excellent bonding of the support tube without a
meltable intermediate phase, thereby enabling the
targets to be used at much higher power levels, and

30 therefore to deposit thin films at higher rates.

In the specific case of resistive-oxide-based thin
films, these are generally obtained by sputtering
targets produced by a sintering process. The sintered
35 monolithic part is then intended to be brazed onto a
target support in the case of small targets, or by
sintering segments or tiles which will then be

juxtaposed during the operation of bonding the target



superi or, t ot hat obt ai nedbyconventi onal 30 manufacturing processes. In the
- context of the invention, the tefrm"resistive oxides" i's understood to nean
the fam|ly of oxides with a volune resistivity greater than 105 Q cm at
25C, 35 anopng which oxides the following famlies may be nentioned: a)
oxides with a perovskite structure of famula ABO3: in which A and B are

el ements or conbinations of - 6 - elenments such that the sum of the
val enci es of tmhepekenenn(s)kheonskistut iofg Azand ofatrhetwal éhkgrofonche
el ement (s) congkihuihRgi B {SrLqualy it §oifkg)following families of el enents

constituting A and B may be 5listed: valency of 1 (K Rb, etc.) conbined
with an el enent of valency 5 (Nb, Ta, V, etc.) valency of 2 (Sr, Ba, Pb,
etc.) conbi nedhesi t kranmalementragfingal ereypedibTly Zplasiha Sapr&einde,
10etc.) vale . ( Y, , +BL, . apple, .dde fol | ow ng
oxi des rraygbeq%aﬁgqﬁﬁ bﬂsiesd ffa(r§nfl tﬁglgl’%t(fi %%%égfgggﬁgﬁagggTi (%3 Sr T‘f'gCBand

Pb( Zr 53Ti 47) 0P BATAGA wa@/arvoﬁf’uﬁ@%égﬁstawi/w §6 aPRUARLA0F 0 9% at r oom

tenperature; -fanrabatesqysuaid-as BN {RANMIINOZHa3),03)n 28eb)cade des With a

colunmbite/trirytile structure of. AB 206.type. .i n._which is_ N r_Ja and A
is an el enent GFSFalBHS 2 ¢ | Ui, h?’BSlcé%Ig. oy bl Fod SniPe

or “an &ssort nen 5%t hese
el enent s. yikddgi viueantexdmsl efacthethhbbdhe SBW(SEZaBAPNoGE nEye be 25

ment i oned; 0C) JhkAGE Olh i i8S Sidate Ad1des: rhhids oxiglesnguehias Ta205 |
Nb205 f V205, Zr02 H 02 r Ce02, Y203, Al 203, La203, MgO f BeO, etc., also

have a hi gh 30-375Fdme resistivity at roomtenperature, greater than 105
Qcmat 25C. M xed conpounds of these oxides are also of interest, such as:

(L;ﬁgg No200 sgld d ,50)ddds0NSiecd3aibfl 203 Y203 GavRarnds. hekesxarpl e YAG

possible:
15 - to minimize these 1losses and to make the
process viable for such compositions;

- to reduce the internal stresses in the targets
produced by the process in question, without needing to
increase the porosity, thereby enabling targets to be

20 constructed that have greater thicknesses than those of
the prior art wusing plasma spraying (for example a
thickness of 6 mm in the case of AZQ).

The present invention relates to a process for
25 producing a target Dbased on a compound chosen
especially from refractory metals or resistive oxides
or volatile oxides, by plasma spraying, with an
operating performance at least equivalent, or even
superior, to that obtained by conventional

30 manufacturing processes.

In the context of the invention, the term “resistive
oxides” is understood to mean the family of oxides with
a volume resistivity greater than 10° Q.cm at 25°C,
35 among which oxides the following families may be

mentioned:

a) oxides with a perovskite structure of formula ABOj:

in which A and B are elements or combinations of



(lant hanum al um nate), etc.; conmpounds of DxTyO. type in which D =
S Zr, H, Ce, Ti and where T = Al, Y, La, for exanple | anthanumtitanate
(LaTiOx); and - 7 - - D. T040z conpounds in which D = Zr, Hf, Ce,
where T = Al, Y and where V = Ta, Nb, or V, for exanple (ZrA1Nb)O.. 5 In
the context of the invention, the term'&cl atile oxides" is understood to
nmean the famly of oxides for which the vaporization onset tenperature Tww
and the nelti rgepennt Tsucdat tBay tthe fohhowifngiley i veleonied OPfapthe T. +
400G Among t RasseRxides cdhia shaldiayi ng BHEC 43I d8s, vai Ehch heir Rl ting
points (taken fromthe literature) and vaporization_ons
t enper at ur es( CARERPFAEM CRESESTREIRG AP ur8 BHYYbt BP nﬁneﬁh%yf?&ow%n%
t her nogr avi netflaimd 1aBal y6fs)elemyntre rpmatitanadingXidesnBn( 8) meap(® 2ZnO
1975 Pd' 1430 §nQ 1630 P4800-1900 BaO 1918 P.-2000 CdO 1500

= valency of 1 (K, Rb, etc.) combined with an

element of valency 5 (Nb, Ta, V, etc.)

* valency of 2 {(Sr, Ba, Pb, etc.) combined with

an element of valency 4 (Ti, Zr, Hf, Sn, Ge, Ce,
10 etc.)

* valency of 3 {(La, ¥, Sc, Bi, etc.).

As an example, the following oxides may be found in
this family:

15 - titanates such as BaTiOs, SrTiQ; and
Pb(Zrs3Tis) Os. BaTiQs has a volume resistivity of around
10° Q.cm at room temperature;

- niobates such as PMN (Pb (Mgi/3Nbszs3) 03} ;

20 b) oxides with a columbite/trirutile structure of AB:Og

type: in which B is Nb or Ta and A is an element of

valency 2 (S8r, Ba, Pb, etc.) or an assortment of these

elements.

To give an example, the niobate SBN (Sr,Ba)iNbOs may be
25 mentioned.

¢) refractory and resistive oxides:

other oxides such as Ta0s, Nby0s, V205, Zr0;, HfO,, CeOq,
Y503, Als03, Lax0z, Mg0O, BeQ, etc., also have a high
30 volume resistivity at room temperature, greater than
10° Q.cm at 25°C.
Mixed compounds of these oxides are also of interest,
such as:
- {Taz0s5-Nb;0s5) sclid solutions;
35 - (Al,03~Y,03) compounds, for example YAG, LaAlO;
{lanthanum aluminate), etc.;
- compounds of D,T,0, type in which D = Zr, HEf,
Ce, Ti and where T = Al, Y, La, for example lanthanun
titanate (LaTiQy): and



c>J1000 111203 1910 fa 850 Mb03 795 rz.i 1155 Conpounds | TO 1900 QOO0 etc.
~etc. etc. Mention may al so be nmade of the foll ow ng conpounds 20
derived from pure oxides, nanely: AZO (al um num doped zinc oxide); MO
(rmol ybdenum zi nc oxide); &GZO (galliumdoped zinc oxide); ATO (antinony
tin oxide); and 25- FTO (fluorine-doped ti-n oxide); and m xtures of these
oxi des, such as for exanple m xed tin zinc oxide.

- DyTyV40, compounds in which D = Zr, Hf, Ce,

where T = Al, Y and where V = Ta, Nb, or V, for example
(ZrAINL) Oy.

5 In the context of the invention, the term “volatile
oxides” is understood to mean the family of oxides for
which the wvaporization onset temperature Ty and the

melting point T, satisfy the following criterion:
10 Tvap < Tm + 400°C.

Among these oxides, the following pure oxides, with
their melting points (taken from the 1literature) and
vaporization onset temperatures (taken from the
15 literature or determined by TGA, 1i.e. thermogravimetric

analysis), may be mentioned:

Oxides Tm(°C) Tyap(°C)
Zn0 1975 ~1430
SnO, 1630 ~1800-1900
BaO 1918 ~2000
CdO 1500 ~1000
InyOs 1910 =~ 850

MoO; 795 ~1155

Compounds
ITO 1900 ~2000
etc. etc. etc.

Mention may also be made of the following compounds
20 derived from pure oxides, namely:
- AZ0 (aluminum-doped zinc oxide);
- MZ0 (molybdenum zinc oxide);
- GZO {gallium-doped zinc oxide);
- ATQ (antimony tin oxide); and
25 - FTO (fluorine-doped tin oxide); and
mixtures of these oxides, such as for example mixed tin
zinc oxide.



- 8- In the context of the invention, the term"refractory netals" is
~understood to nean netals chosen fromthe following |ist of refractory
nmetal s: tungsten, tantalum niobiumtitani um vanadi um hafnium 5 zirconium
rhenium rhodiumand refractory alloys defined in that they consist of an
AB alloy in which: A and B belong to the following |list of elements: M, W
Ta, Nb, Ti, V, Hf, Zr, Re, Rh and to alloys of the AMtype in which: 10 A
bel ongs to thénl itdte: dvintewt Taf, Nbe ThyeM iddf, @re RermandeMrapetwriys to the
list: Co, N, BRg1Bd, B!, ufdbr ABodPUeo FREak M@ tRYEPRIRschNE RIOCESS
according to the 15 inventjon for_ producing a target by thermal spraying,
especi al Iy by fpldswargpr ald$y by fhearsispc O{)Yasr’i‘%tta&rséh, E‘éﬁ‘%s‘?%r?’get
conpri si ng at theaatuane cobpoimd, chosetrerfinamn r efaaationy, met b nioum s esi sti ve
oxi des or yol at.i | i des, . L.s.chara ized Lphsth t

fraction o¥ s%ﬁé?gg%%hndrpﬁﬁtlﬁ@fo%%g_g'fl&g p%%eré%g%%gfﬁongggogi d
conpound i s spedyagcbjnt Heabethepragisigt 6fit 80alB | 2RYY drie "drtace portion
of the targeta !dhcﬁ_@%@l@{deﬂoatlg@slﬂbﬁlﬁwﬂ@ st h@,zI powmedtd 5 Mptional Iy
cryogenic, coqling jets direct onto t target during its construction
and distributed E%C)uﬁ%’tﬂ%’ te\Z’rc f’afzer’utsR(aed. B% It will be recalled that
fluids with aanshper allees egliathe Atort el dw whB0C: are consi dered by
definitiong30 o GG ey ageNi e L uids. mEhenyseaduning Tl asme spraying of
cryogeni c cooling jets(cryogenic liquid jets or m xed cryogenic gas/liquid
jets or cryogé?‘ﬁ"ca@‘ S jets) enables the 35 quality of the target to be

i nproved, whi e beflowgdi hg theekidtundla,ons:, Rh, Pd, Pt n@medifst,e Asgol i ng of
the sprayed zone, thereby precluding any possibility of chem cal
nodification, in - 9 - the case of refractory conpounds and resjstive

oxi des, of thdprayfelf neeffede, the Bpaesil gg‘“e%‘?ﬁ“rﬁ? of ¥2 he*8%r ayed
surface sq@sas itrfygptavndes axcetddnding eanteohesi op bhatwaeh kheafiparticles

and successive, Dassess Ang, HRAuGh! oMLY NBl SHEIRES W €plasma

torch, said target comprising at least one compound

chosen from refractory metals or resistive oxides or
volatile oxides, is characterized in that at least one

20 fraction of said compound in the form of a powder
composition of said compound 1is sprayed by thermal
spraying, onto at least one surface portion of the
target, in a controlled atmosphere and in that
powerful, optionally cryogenic, cooling jets directed

25 onto the target during its construction and distributed
around the torch are used.

It will be recalled that fluids with a temperature
equal to or below -150°C are considered by definition

30 to be cryogenic fluids.

The use during plasma spraying of c¢ryogenic cooling

jets (cryogenic liquid jets or mixed cryogenic

gas/liquid Jjets or cryogenic gas Jjets) enables the

35 quality of the target to be improved, while providing
three functions:

- immediate cooling of the sprayed zone, thereby

precluding any possibility of chemical modification, in



increasing the material yield. Moreover, the use of a plasma torch and a

- plasma gas 10 mXxture nmake it possible to obtain strong reduction in flight
of the sprayed powder particles, thus reducing the oxygen content present
in the target conpared with that present in the powder (T" < T,p where T"
is the oxygen content present in the target and T,p is the 15 oxygen
content present in the powder), for the refractory conpounds or the

resi sti ve comphandsseForft herfmerepriyheoppoueds ascordshgtioe tdreidamsenti on

i ncl udes the I i éﬁg}- t.ional, aspects: 20- a relative novenent
bet ween t he p%gs%g&tggﬁ ﬁ%%ﬁ“t e%ggfget i s established; t he surface
of the target is preplfeRE Pt ofleandBpddl thish PPrREY LUHFGEnFe as t he
surface prepatat i gi-ovigeudescc 19tep ofci2arbl asdiicng.ont Wdtwesrj ettiof
abrasive particles (called sandblasting)..on.the.surface portion of the
target in ueg?foﬁ?i%? A é?ﬁ%E?VEvf §%§F§ﬁ’o?g%achining striations
suitabl e for the keyi hgdettidre subhayerintpygal stregges sur fiaekle
preparation thep bASkHEesnhd heat30-i5Ar amieng.of a filmof a keying materi al
(subl ayer) on the surface portion of the target in question. |In other

enbodi nents of the invention, one or nore of the follow ng arrangenents may
optional |l y beMempbuyed: tB& -uscheof efr drony drrrebsiest ve rorpoungBs s
sprayed ipoa ghamer LARL Has B8ALRUr 98dBEafhnsedodndrbhga{dd | 6d wWith an
inert gas, at a pressure that may range from 50 npar To 1100 gbar, so as to
create an oxyden98&pladt dd et PSP ePAFERT nPpfticlesy thug Fegpciithe of the
cooling jets haee cxygexi dicnitegtcbaraeherin the targatkepnpgrsdbvayer is
used, t hi s bei e i I, hef I rayidn i g conpo , on 5
the surface pggﬁgoﬁgé#ﬁ$ﬁbjﬁgr8% F%ﬁgggsﬁ?%h% e egiggge?“igﬂfhg@%ally
regul at ed duriO¥y9eRe PAHSE sPFaFERl; 1la PrvdErredhpasict i B ofS sBi'®¥ sprayed
conmpound ¢eNPII:Siged PAMIRknpar tireestw tih a Siee gheddd)gut | ose 10tige ven by 5
< D10 < 50 p. 625 %nk< Eh%< 1Q%33ﬁ%1§£91%%18@55etgéﬁ 58955n1is used; it

i ncl udes a subSEGIEHP Heat PPRAT et e oa Y RdueT g M ospher e for the
pur pose of reducing the oxygen content present in the target after the

- thermal 15 sprayidp@ fbeR;, aKk $8¥eEak COMROUNGY NEECHHS anQcHEeen T Or
injecting, at different i er mal ferent materials for

oi.nts in the th jet, dif r
whi ch t he injéinﬁﬁeﬁaFBEeﬁﬁiio%&%gadTU§TéﬁnWﬁhgbgﬂﬁght?§p%%€Brding to the
mat eri al s220 i nj ectedai ntelasiote | npeetont between the plasma torch
and the target is established;

- the surface of the target is prepared prior to
deposition of said compound;

- the surface preparation includes a step of

25 blasting it with a jet of abrasive particles (called

sandblasting) on the surface portion of the target in

question, or alternatively a step of machining

striations suitable for the keying of the sublayer; and

- the surface preparation then includes the

30 spraying of a film of a keying material (sublayer) on

the surface portion of the target in guestion.

In cther embodiments of the invention, one or more of
the following arrangements may optionally be employed:
35 -~ the refractory or resistive compound is sprayed
in a chamber that has been purged or rinsed and then
filled with an inert gas, at a pressure that may range
from 50 mbar to 1100 mbar, so as to create an oxygen-

depleted atmosphere within it;



Anot her aspect of the invention relates to a target that can be optionally

in a 25 sputtering device, especially a nagnetron sputtering device, or in
any ot her vacuum sputtering device using a target, said target

predom nantly conprising a conpound chosen-fromrefractory netals,
resistive oxides and volatile oxides. 30 For this purpose, the target
according to the inveatlonerof spoei naf tHickrmed ifg), Jedaprhavag 2n | east

one conpound kased  9RqacRQPPeLLd. chosen fromrefractory netals, resistive
met al oxi des and volagile 35 oxides, is chanacterizgd in.that %t,has: a
lanel | ar nicrostruct uPe. X% %xy§8R1E8REenti=of PEEY” t hdtiFo00PPhNY

preferably | eseposdane8Q0bpporeanteeneh sprayipoefoss salif kcespotthan @50 ppm
and_ an el 6t hals, L agkst bLLYoh 658 (AN IoKe §hMESe By erably three

times and nore preferably twce tf eoretica ectrical resistivity of
t he conpound. This Tre&hstilAatdptmedsurtdfemeliy cagulededutduising e van der
Pauw( ASTM F76)pIneinaodptrheingl ati ve 10 resistivity neasurenment being

calculated relative tg the theoretical, .value. aj_20C_of th ' conmpound
(or the value obta[nea #%3%#%hé:$ %&%Jﬁgbf? aéaﬂgré r%%%&,gggﬁé%%%nun1has
a theoretical amaprd sahgs. I3Wddkohpsrer§led Svipht fe ease ofisc¢orpobhRe’ of

resi stive1oxi dgSsert N ar get Pas <asvoliie pesigst kvidy<l overudhanathe

nom nal reS|sp@y|%ﬁnob t he @él e bé a factor of 1000, preferably a factor
of 10000 and é\er™mor 8°prerEPably 8 B8F%tt or of 100000. In the case of
conpounds of vol atiH eioxiidedpdebeat ange¢gimast featorirpaltingntkaése gneat er

than3 mm 25 pref&sablny 968 &5ndRANe S e 8BBrpose of rBaHENSHTYngreater
than 85% preferably greater than 90% of the nom nal densit

preferred enbdUidasHt SV¥EHre HIRPERT o, e t@rrgﬁﬁréfégr the thernal
of t hef ol | aw ngasraarigenentprayapt i onal |y
' - several compound injectors are used for
injecting, at different points in the thermal Jet,
different materials for which the injection parameters
are adjusted independently according to the materials

20 injected into each injector.

Another aspect of the invention relates to a target
that can be optionally produced by the process
according to the invention and intended to ke used in a

25 sputtering device, especially a magnetron sputtering
device, or in any other wvacuum sputtering device using
a target, said target predominantly comprising a
compound chosen from refractory metals, resistive
oxides and volatile oxides.

30
For this purpose, the target according te the
invention, of nominal thickness (e), comprising at
least one compound based on a compound chosen from
refractory metals, resistive metal oxides and volatile

35 oxides, 1is characterized in that it has:

- a lamellar microstructure.

In the case of refractory metals, the target has:



furthernore be enployed: the resistive oxide formng the target is chosen
~ fromat Teast one of the oxides with a perovskite structure of Tormila ABC3
in which A and B 35 are el enents or conbi nations of elenents such that the
sum of the valencies of the elenent(s) constituting A and of the val ency of
the elenment(s) constituting B is equal- tta 6, or chosen from oxi des having a
colunmbite/trirutile structure of the AB206 type in which - 12 - Bis Nb or
Ta and A is an el erentinof oxghbencyc2ptént exlnplesSr, tBan PHOOGteRm, or is
chosen fron]tQ%ekb§EblTagg§s NR205.60¥20pn, 2608 bvBR hoPe0Zr¥réfasiy Al 203 r
| a203, MyO, BEO; 5- the re5| sti ve- oxi de- based target conprises a
composi-tion c&ﬁs"issfﬁpﬁﬁ PO PP tH€ or conbination of two or nmore resistive
oxides fromthe |ist abhoeteotrtoaprisessipiedgnileant khaonéivestsheéve oxide;
t he refractor I r the;targ RQM
tant al um %l o Et;gr?rf]t%tab?g rghr}%evaﬁa I um%ﬁa?"or%%m ZI rcgfrkfrlgrmgﬂhem um rhodi um
and refractoryﬂ@lqr@iécﬁﬂtaﬁla@’érﬂ‘eﬂ b istivhaY PRelle FRTRAUNGE an AB al | oy
where A and B belong to the following list of elenments: M, W Ta, Nb, Ti,
VvV, H, Zr, Rh 15 an toallosofth AMty e .i.n whi.ch A b stothe
st nby W T e S ey et A LS FIC TG RS
Rh, Pd, Pt, CWanmAg, déug; Doty reiﬁ\%’@ﬂorfmét almettéﬂroglet atlo | melatiese at Ieast
one addi tijgn eé&t%&tlvq*tgs%égmn?errtef b@EB@r)baaQquﬂEQU%laael%| atsl e oxide
conmpound or a resistive oxide ound, Pgmgﬁt havi n 5 to_30% by

n e

conp
wei ght of the i tRNT S &ient E’01r St t 7 FsM3Ad e’ COmPOYR |
vol atil e oxide(dmorheg takud ardgedaisetl sfres tihe cliteraomre)Tvdps< §. + 400C
as_defined aboﬁ’eﬁnlrtcfe125 Bl @%d%%ﬁt blig, § ora t hifeOXidfcd 0 beaggpechal Iy zinc
oxi de, tin oxide arium OXI cadm um OXI de 1 ndi um oxi de, nol ybdenum
oxi de, zinc 03 dtd d’é’@é’ﬁ @Mk al uni num nol ybdenum gal lium tin, fluorine
or indiumisor a mxed indiumtin oxide, the volatile-oxide- based 30 target
ol o9 P B RSt L AR £0N5E SUoPoBhal B el iBEs SOMRLAAIION Phetvo O
nore vol atil e oxi des satis oVe Criterion or conpri
predon nant | y regatolt@y & ‘6@(116@@ s dief i idd vagover $haps taevaprnaﬁel t he

target may be cosmasedtgf ad effact opyi @t aby ch@semattom mekybdeoom

tungsten, tant aI u ob| u i tani.u nadi u haf ni u

rheni um r hodi %M lﬁ’e o?@cﬁaﬁdOfa%oé ‘?I&%nn&on THe he?re BTyrml ar
proportior¥$ t hgctmy of 108000range from 1 nole of refractory netal per 5
nol es of silicon up to 5 nol es of refractory netal per 1 m)le of silicon,

preferably 1 nole of refractory net 2 mp| es of |I|c Int is case,
the Ianmellar 5% SHotdifctUr &OSPOPHgSt SEgBPl?ElJc%rﬁib]s‘f &8 feit'lses
refractory netaisiamellae juxtaposed with pure silicon | arrel lae. In the

case in which the target tnraﬁ.ltLngs ap, addi tdon #geglcggent n CORpLises an

assenbly of several materials, the various eI £ nts may e prOV| ed by one
of the foldowi m@eﬁr@%ﬂr%ly greater than 6 mm;

- a density greater than 85%, preferably greater

than 30% of the nominal density.

In preferred embodiments of the invention, one or more

30 of the following arrangements may optionally
furthermore be employed:

- the resistive oxide forming the target is

chosen from at least one of the oxides with a

perovskite structure of formula ABO; in which A and B

35 are elements or combinations of elements such that the

sum of the valencies of the element(s) constituting A

and of the valency of the element(s) constituting B is

equal to 6, or chosen from oxides having a

columbite/trirutile structure of the AB,CG; type in which



use of a prealloyed powder in which each powder particle has the desired
- conposition of the target, 15 possibly slightly different in order to take
i nto account any unequal |osses by volatilization during the thermal

sprayi ng of the powder; use of two or nore powders, each being
injected by a different channel into thea2thermal jet during the 20 thernal
sprayi ng step; the target has a planar geonetry; t he

target has a tRubig afbgeunmdtr yand theitargete lsaenaddift i onlnavhi £knesses of

material at e%n%flel s ends: |- 418 fasgels ConpidSeerOnerRE M@ parts on
whi ch the corrpoun IS de osi'ted, said Bgrt(s& is (are) either | anar

support that c&i‘be Wf’%%ed Vsheo &T9put &P g~ e hi Y73 0r & #ﬁc??errgeadga'te parts
that are then Mymdedoento this support; 30- the additi onaI th| cknesses are

around 25 to 50% of_t nopi qhggg he t he
t ar get has%a density tc%?‘ grg%at%]%értit‘ﬁgan b%%g er%%?%}é)gr eat r than aSLQO%
t he noni nal t HiX¥Wesd$1ice) qogspstwean of af'ahde’StLEfFﬁa n®f pPEPERABISP bet ween 6

and 14 mm two or mokrBe dcdigati vRasodiduy | fyof tak lEast &9:-b9 oand
the target is const.r ucter 9N, 2, support mat esrllsallvgr v18I| ng characteristics
conpati bl e wi tH Fhe “&xXpBETed  propert i €Y of “a magnetron target in use
(sufficient mecham c&hestrehgedtosuf fmadiagnt forneinal dendderoeitt yis

resi stance ot 0 QUJRSI GrRY tthh%g\é/%ar fQénEQﬂl{rﬁ ng rtlhﬂoltLalrgetm@ahw@ use,
etc.), such as for exanpl e

L€ cC B a co ]%Iloy, é?l tenltlcd
stai nl ess steefa" ras "M% exaﬁibF‘éO‘?(ﬁ ’N| 1819 " 2 EPNFRBT7- 3292, As
nonlimting exmﬁﬂa&&,driye aildvgsat tbatnmaye béefiﬂaﬁstmt@@tbyhtelye cbokiewi ng

figures: of an afl i8S lw%’erLebAa%c!l Cp 2581 o Wﬁostaw N%1186: 49
m crostructure i n cross section of an No target oDt ai ned by the productlon

process accor dih tf tHenemrSnt Mon; Wef iTGur é]? | diand’| 8far 8Tvi BRis R
illustratinsg tded to allic/0Siff udiclrz itymes dss wddehi anbefloagtungstea tar get

15 obt ai ned byl g]:e dl*ct QN RL,OCESS @CCQEdIiI_Lg to, the 'W%%ﬂ%h%@ to
the list: Co, Ni, Rh, Pd, Pt, Cu, Ag, Au;

- the refractory metal target also includes at
least one addition element chosen from a refractory
20 compound, a volatile oxide compound or a resistive
oxide compound, the target having 0.5 to 30% by weight

of the addition element or additicon elements; and
- the volatile oxide forming the target satisfies
the criterion: Typ < Tn + 400°C as defined above, it
25 being possible for this oxide to be especially zinc
oxide, -tin oxide, barium oxide, cadmium oxide indium
oxide, molybdenum oxide, zinc oxide doped with
aluminum, molybdenum, gallium, tin, fluorine or indium,
or a mixed indium tin oxide, the volatile-oxide-based
30 target comprising a composition consisting of a mixture
or combination of two or more volatile oxides
gatisfying the above criterion or comprising

predominantly one volatile oxide as defined above.

35 As a variant, the target may be composed of a
refractory metal chosen from molybdenum, tungsten,
tantalum, niobium, titanium, vanadium, hafnium,
zirconium, rhenium, rhodium, on the one hand, and

silicon, on the other, in molar proportions that may



figure 2isaview | lustratingthe mcrostructure in cross section of a barium
~titanate (resistive oxide) target obtained by the production 20 -
process according to the invention; and figure 3isaviewl|lustratingthe
m crostructure in cross section of a m xed al um num zinc oxide (volatile
oxi de) target obtained by the producti~on3process according to the

i nvention. 25 OQther features and advantages of the invention wll becone
appar ent over rehgecdinoge ofmohe Pl Irediragtdegcmepelower3¢ DEVAS ED

DESCRI PTI ON' Ok 5 hHlE o, NYENTH ON I89e§U@POféfbeﬁMPy3ReEQ§ %@Egﬁtmb§eQQPStrUCted
may be made of .copper, a copper a stai_nl eSs st eel F‘S ot her all oy

suitably conpatilBrceni teretfﬁéaBllé’dJct%(%% e oP L 38 ShEGREPF BN “‘F& ett€’ 11 the
present inventicdrs noofar tsiidtikan.redli renens asseel, at echeM t hatbelqr ocess
described &n Hﬂ%ﬂo@\é%ﬁ&ﬁpe ﬁfrﬁﬂé“ £§9 ibaf, {An?} %%t%oa%ecélﬁgpz?ééssuc“
that it has to neet Usual requirenenis re t o magnet on targets,
interns of -refFactgeyneery] r@@ﬁéﬁaean%ﬁfﬂ@ﬁa% EhHthéﬁ?céP i#e? t ness
Wi th respect tiartdheaeqoling water. Surface preparation of the support 5
After having been degreased, the surface of the support is prepared by
blasting it with a jet of abrasive grains. These grains may be of various
ki nds: corundum (fhsedasmi tte athimihna)heyr birest brovkuder upduaddiblies, 10

al um na- Z'1'000rﬁl%m’ét?lrta%rvQ:cﬂ{pﬁ"l@%’sat&rr@%s\é%n%rlg' RE RRdwaedhrem fuse- cast
slag particles(of the Vasilgrit t

i ne rnet grains el se
angul ar steel Q¢ cH&F1¢7on SIRBELE h| £ r?&tovﬁgrgagq@&hgﬂgtﬂfe){h

following means:

- use of a prealloyed powder in which each powder
particle has the desired composition of the target,
15 possibly slightly different in order to take into
account any unequal losses by volatilization during the
thermal spraying of the powder;
- use of two or more powders, each being injected
by a different channel into the thermal jet during the
20 thermal spraying step;
- the target has a planar geometry;
- the target has a tubular geometry;
- the target has additional thicknesses of
material at each of its ends;
25 - the target comprises one or more parts on which
the compound is deposited, said part(s) is (are) either
a planar support that can be fitted onto a sputtering
machine or intermediate parts that are then bonded onto
this support;
30 - the additional thicknesses are around 25 to 50%
of the nominal thickness cof the compound layer;
- the target has a density of greater than 85%,
preferably greater than 20%;
- the nominal thickness (e) 1is between 1 and
35 25 mm, preferably between 6 and 14 mm;
- the target has a purity of at least 99.5%; and
- the target is constructed on a support material
providing characteristics compatible with the expected

properties of a magnetron target in use (sufficient



15 Preferably, the follow ng abrasives are used: corundum (fused white
~alumna), and alumna-zirconia (for exanple AZ24 from Sai nt-Gobain Coati ng
Solutions) (this material is preferred for its high toughness that 20
limts fracturing of the grains and consequently the inclusion of grain
fractions in the surface - such inclusigas-are deleterious to adhesion of
the coating). The average dianeter of the abrasive grains is preferably
bet ween 180 am¢c860iwal cepemdithg osuffiecizBitt ypeeohiakhbrcasivetiThey pur pose

of this oper atﬂe%@s't§n&9 Q' VedNeSW ace truohness Gapabls,cfihensading
correct adhesion of tie sublayer or of the constituent material of the

target. 30 An télrf?@FnQPF%qn’éW’uode Onsi ST ASndORi FFAPPSEr FIRRPONCE hat wi | |
al so al |l ow goed cugpesi enlefy,t he suktayertiandtbhehend sheclunsddtonad film or

t he consti tue C of a tie sublayer by -
t her mal splt;ay|r£tr(1)rﬁgt‘{(‘%{ﬂ%@a mﬁizce'%teleé ?e%?a%zggpﬁﬁggzs%%?of t he functi onal

| ayer of the target, a tie sublayer nmay be produced by

t her mal sprayi ng Thh@@pﬁﬁﬁﬁirﬁjm&)é&aﬂb%s, khe conventiemal ntler npd

sprayi ng proce es tag a og1 flol | .ow ng: Iasrra powder spraying,

el ectric-arc \Rn 55?“ §rngY BXy-gas 1A Sluayl hg (wire or powder

dependi ng on the equi fmentys bprayingandi Ag tdee HVORWE  ghrwjmovetlbeity
oxy-fuel) 1pr oqra%smsttlaﬁcé@&@na&honc%@ssprs@eétﬂan pr@§e85nanﬂot heaggbd spray
process using an qgpti.onal ch preheated gas into whic %F\éd IS | ect ed.

This operati ofP &Y 68 ¥ ri*88 RECTI TR ahbPeRt® aF R thbdt tt% ‘?rrpal ring

the i nvention.iri@nthenti e subl ayer nmaterial nay be chosen fromthe
conventional materi_al I I i | - based
G oys: NAL NG o I o o Porr ol STLEERrd B Cor
FeMC 15 st eel™s xRSt EEVHeY XZONW?ngtQ%SPéFm%l URGSFPT e§8TEERE s,

et c. copper dtacopRerbl toys, psudictasorCuplocédfl Becoddng efc. the

nol ybdenum or m)l t%denum al l oys: MoCu, etc. 20 The above list is not
exhaustive, the choice’ of subl ayer material possibly depending on the
materi al of the suppofigugbeZand ién the spFag¥ng éé]gllﬁﬁﬁﬁ’tilf&%nd Bhet he

?val Itabl I : t%/_ lqiléﬂfdslttﬁﬁmlt&%@rllai tf‘o:(Sjé“ ts@tEt@?fo]orc»rf) aZtEaE@ﬁmttll@anaEet hg
unctional fi 0 e tar ording to the entj.on era y y

pl asna spr ayi nggesé‘@ THE fﬁ%ﬁ:‘%? arfgleltm 8}?tqjl’fbecl a}éﬁetth% P%F’%ESE bY"'t her nal

sprayi ng, 20r efrrcatslss by cpdsna E@r’aly@ ngpvamiden it Bedf ol | owi ng particul ar

conditions for 1 and Zjgure 3 is a view  illustrating  the

microstructure in cross section of a mixed aluminum

zinc oxide (volatile oxide) target obtained by the
production process according to the invention.

25
Other features and advantages of the invention will
become apparent over the course of the feollowing

description.

30 DETAILED DESCRIPTION OF THE INVENTION

The support on which the target 1is constructed may be
made of copper, a copper alloy, stainless steel or any
other alloy suitably compatible with the production of
35 magnetron targets. In the present invention, no
particular requirement associated with the process
described in the invention is required that relates to
the support such that it has to meet the usual

requirements relating toc magnetron targets, in terms of



pl asma spraying carried out in a chanber having a controlled atnosphere,
that " 1s to say for exanple one 35 in which the oxygen and nitrogen content
is low, the atnosphere consisting predom nantly of inert gas, and the
pressure in the chanber being between 50 nbar and 1100 nbar; - 17 -
pl asma spraying using an inert or rel atiugety reducing plasma gas m xture,
making it possible to | ower the anbunt of oxygen initially present on the
surface of th@epoatey, paredigirdsalpoat nehging anbenskeml G lduihagtrdsir f1i ght
onto the substfiaherebpbst beb Nthd hoSiask, f@keexanpl e when the conmpound is a
refractory material or when the conpound is a resistive oxide; use of
nozzles for blow ng powerful |iquid or gaseous cryogenic jets of an inert
fluid (in the ScagecéOpoépaedtamt ovfy thet alupportresi stive oxides) or of an
inert or oxidizing fluid (in the case of volatile oxides), the jets being
di stributed around the torch; rel ati ve novenents between torch and
target, allowiAfGegodsvbne Parnafieoredscdndiehiekiéssestf 5PRed BB HR t he
\tAzrge_t, eSpecij]a:I |§6r}élﬁ|éjfécﬂ0®@| bh&@kg@@s iat {hehendsjot tdre ?Bf@@iveform ng
at is comonly .refe to_as "dog-bone" target; . . .0 n [ nore
powder i nj ect grr}sé,ln?a’rl E\Ef\/l%%(f:;e %ramgeﬁagr P8 é)?r ivﬁgtllggé (]:){fl%ﬁgé 889 lg(ri]?% thin
the pl asma 20j €tusegndilitthephynposki Bireifer tdrewl asprurdithgraibe: eit her
a commer chal | yiayainkabh e-D&i Bl oWrralg vl aspmhitr,Ch; abrasive grainsOr an
i nductively COUI%' ed RF ggasrra %or ch. 25 Thﬁ gowder s dto rZﬁ)duce t he
target has t h@FHCER ng tpi cAFSTRAFRCt efF8¥i c$2LGEf Pied % tich® size
di stribution Stzchlyglat: t@1e% (diedmenhdinsucbatrhat 10%aofist her paetsel es
30are smaller Jgyghge dhan this.diameter) :sh%%t"[‘)(g&ﬂé and: 500Mbein D50%
(medi an dianmeter): between 25 and 100 pm and 0% (di anet er such ct;hat 90%
of the particl®®B54i&4rmal ler in size than this diameter): between 40 and
200 pm pBrity according to the purity objectives for the target,

preferably grEﬁ?é%ér%B%Q,9%ﬁ£p©f5yréwing abrasives are used: corundum

{fused white alumina), and alumina-zirconia {(for

example AZ24 from Saint-Gobain Coating Solutions) {this
material is preferred for its high toughness that

20  limits fracturing of the grains and consequently the
inclusion of grain fractions in the surface - such
inclusions are deleterious to adhesion of the coating}.
The average diameter of the abrasive grains 1is
preferably between 180 and 800 pm, depending on the

25 type of abrasive. The purpose of this operation is to
give the surface roughness capable ¢f ensuring correct
adhesion of the tie sublayer or of the constituent
material of the target,

30 An alternative method consists in machining striations
that will also allow good adhesion of the sublayer and
then of the functional film or the constituent material
of the target.

35 Production of a tie sublayer by thermal spraying

To optimize the mechanical adhesion of the functional
layer of the target, a tie sublayer may be produced by
thermal spraying. This operation may employ



- 18 - - oxygencontent:< 1500 ppm preferably < 1000 ppm or even < 500 ppm
in the case of refractory netals. 5 The process according to the Tnvention
makes it possible to obtain a target quality superior to that
conventional |y obtained by spraying and having a |anellar m crostructure:
the reader may refer to figures la, Ik asd-lIc in the case of nolybdenum to
10 figures Id and |l e in the case of tungsten; to figure 2 in the case of
resi stive oxi denvandivoali gheendli aprhpicaserofesasatidleroxintm @l to

obtain a refrachatyfgt alp 1ALt HBRMLRY HraPingen LaEnlc-Qfrcl 83srd han 500
ppmdirectly, wthqut "a subsequent step such a

hi gh- tenperat&K&ﬁé&?ﬂrea?ﬁﬂnﬂ?ﬁaré&é@?ngsafﬁ%%%%eriW1ﬁ%e ?hct PRS0t usi ng
a subsequent hﬂ@mnﬁﬁegtnnnttBéeeqhapmehe)aduamhagegohsengloymngH%mW type of
material far ( f r g S ort for
pl anar targets?1 |nc%H§Pg%§sJ% %ué% aPE&gg%geng%s?%ﬂR%beﬁglcr%ﬁ?

mar kedl y d|fféﬁéﬁﬂlﬂgomHQQﬁsWﬁaﬁ%etb%n§939u§ﬁﬁaﬁaﬁ€H9%5%ﬁu%%ﬂgt%ﬁget
(refractory nmej@liodallespstheeteRi geg, iste hrasaypsheairt ie shgeotess 25
steel s, which uId beéﬁﬁgﬁgrrbed in _the. gQS%Eﬁf upse ntthe
treatnent for reéhé? € oxyd@n conPen% cour s, t T eat ment
may al so be caﬂﬁﬂe@tOMhlSasmB@lemnqwﬁhQninV§@ta§nto further reduce t he
oxygen conpent in the target thus produced. Planar target case: 35 The
present inventjion nakes if._possible to roduce | anar targ %ts according to
the fol | owi ng Procédbr eSUblEY%ﬁarmattaerrglﬁ slﬁﬁﬁorlg 5 e FEF bEIRg fitted
into the magnetaroernftapnedepateri®ls usédtdmmmbaﬂgeassammtﬂyeﬂﬁas a conpl ex

shape and has' to be regygbed af t gE [ Be LALQet A NAS Qeeﬁlﬂiedmukhe Larget
material will not be fornmed directly on_the ta ¥ porf but on one or

nor e |nternedﬁ&ﬂeﬂﬁhaﬂé§“5€€aﬁQ£foqﬁI%%%?VSmhFEﬁrﬁ}rl BerboRleli®¥ito t he
support; 15 stddie,targetrrmaierdal of or xeganpliel based® on amslghdenan) will

be fornmed on t ry n tile(s) followi ng the sane procedure as
above; and §E3§ﬁ%%%boﬁgglg %p?he tile(s) may be carried out 10 before

formation of the targ@PPﬁﬁFePFaFOGPﬁrtWél§MBpoﬁPCh REgRUARchGHPEEE -
strength) or afdml, f@wmati on of

- molybdenum or molybdenum alloys: MoCu, etc.

20
The above list 1is not exhaustive, the choice of
sublayer material possibly depending on the material of
the support tube and on the spraying equipment (and on
the availability of filler material in suitable form).
25

Formation of the functional film of the target

according to the invention, preferably by plasma

spraying

30 The functiocnal film of the target is formed by thermal
spraying, preferably by plasma spraying, under the
following particular conditions for 1 and 2:

- plasma spraying carried out in a chamber having
a controlled atmosphere, that is to say for example cne

35 in which the oxygen and nitrogen content 1s low, the
atmosphere consisting predominantly of inert gas, and
the pressure in the chamber being between 50 mbar and
1100 mbar;



target material on the tiles in the case in which support is not strong

- enough. Tn thée Tatter case, dinensions of the tiles will be determned so
as to 15 minimze the risk of thembeing distorted during the formng the
target material by plasnma | MPLEMENTATI ON EXAMPLE 20 This inplenmentation
exanple 1 (figures la, Ib and 1c) relates to a tubular target based on a
refractory netal, especially based on nol ybdenum intended to be used in
magnetron sputtering piehna mseraviing cstingdean23nEhe fof | slagiprocess was
carried out: SipROLE tybepmdeQf Austenti gagliahnl ess s3iseebisucy as, for
exanple, X2CrN 18-9 or X2CrNi Mo17-12-2; surface preparation of the support
tube by AZ grit°"eX¥ tRfri AROYPFcSHi aRBYeRi VB bEak Yng,’:e%gtproé’dugﬁ on of

t he keyi ng suldwayfercebyft wilte apewder epspr Byliary, usar rmedkioyt themiandt he

keyi ng sublkay i LAl (95%, ni |/ L Nup) - ition. In the
exanpl e deécr ?%le%?%t %gle?%i c@l%ﬁggg ?)) %tghglﬁ%eﬁil{i?\{qaeggg%byg?rilﬁlaogggr?%ollfn@nal 200
1.tm 35- forrf#Seonfef tarampdey bdePumtaet i YEHUNd ohSt He £8FHRECDEY pl asma
sprayi nlg Undlermatths&_iﬁ(ﬂ b@Y\MH_@nCﬂlﬁ@iéd@tﬁind 1528 resphasr@ d)ﬁfd.(élh i nparti gg
particular plasma jet velocity characteristics and .consequentl.y, spraye
particle characteri st Es, C’Cflt aryogzetheﬁ a%:oerd ;ﬁno%ln%aﬁ%‘gerr,ﬁ@o Jgjfiuajtc} o(ﬁr of an

i nert at nospheraseionst v yolwanber Jefter afxaapl Endit pihpichglamdtihenads | | i ng,

use of cryggeni€ egelifGoiPt melanectsd eRLOstheet Adeles)t hese ohei ng
di stributed around the torch, 100 tge,aomﬂg #&%d for profgum Tgttpe t ar get
was a nol ybdertdfifpowdér g thef ofitBwi hig® chiPactdff stGcsvolatiie

oxides), the jets being distributed around the torch;

- relative movements between torch and target,
allowing possible wvariation of the thicknesses formed
15 on the target, especially additional thickness at the
ends of the target, forming what is commonly referred
to as a "dog-bone" target;
- use of one or more powder injectors, allowing
better distribution of the powder within the plasma
20  Jjet; and
- it being possible for the plasma torch to be:
o either a commercially available DC blown-arc
plasma torch;
o or an inductively coupled RF plasma torch.
25
The powder used to produce the target has the following
typical characteristics:
- defined particle size distribution such that:
0 Digps {(diameter such that 10% of the particles
30 are smaller in size than this diameter): between 5
and 50 um,
o Dsgs (median diameter): between 25 and 100 pm
and
0 Dgpy {diameter such that 20% of the particles
35 are smaller in size than this diameter): between
40 and 200 pm;
- purity according to the purity objectives for
the target, preferably greater than 99.5%; and



aggl oner at ed- si nt ered nol ybdenum powder particle size d50 = 80 Fun 15
99.95% purity, Wwth in particular 20 ppm of Fe and 600 ppm of oxygen and
pl asmasprayi ngwi t ht hefol | owi ng paraneters: a plasma torch with the
foll ow ng 20paraneters was used to produce the target of the exanple:
Paranmeters Ar flowrate (slpnm) H2 flow nate (slpm Arc current (A) Spraying
di stance (nmm) Powder flow rate (g/mn) Values used 50 15

- oxygen content: < 1500 ppm, preferably

< 1000 ppm or even < 500 ppm in the case of refractory
metals.

5 The process according to the invention makes it
possible to obtain a target guality superior to that
conventionally obtained by spraying and having a
lamellar microstructure: the reader may refer to
figures la, 1lb and lc in the case of molybdenum; to

10 figures 1d and le in the case of tungsten; to figure 2
in the case of resistive oxide; and to figure 3 in the
case of volatile oxide, and to obtain a refractory
metal target having an oxygen content of less than
500 ppm directly, without a subsequent step such as a

15 high-temperature heat treatment in a reducing
atmosphere.

The fact of not using a subsequent heat treatment step
has the advantage of employing any type of material for

20 the support ({(tube for a tubular target or flat support
for planar targets}), including supports having an
expansion coefficient markedly different from that of
the constituent material of the target (refractory
metal or resistive oxide), such as austenitic stainless

25 steels, which would be proscribed in the case of a
subsequent heat treatment for reducing the oxygen
content.

Of course, a healt treatment may also be carried out, as
30 an option, so as to further reduce the oxygen content

in the target thus produced.

Planar target case:

35 The present invention makes it possible to produce
planar targets according to the following procedure:
- planar target support, suitable for being

fitted into the magnetron for use;



600 160 160

surface finishing by polishing or machining so as to

- obtain a roughnéss such that R < 15 As indicated above, thanks to the
specific process according to the present invention, the oxygen content

the target obtained was 450 ppm |ess than the 600 ppmcontent initially

present in the powder. Additional result$ according to this protocol

produci ng a nol ybdenum target with different powder conpositions,

in

for

in

conparison with a resuft thet Hewgesd suppdri depogent@niletx agdvmdiafito the

invention, are.gi v@ndeh Ahgtiabl arhekowheTELahet CHEE ePEEn PhosesSScXygen
content in the powder Nitrogen chtent in th;lpo er.Ckggfn contqpt in the
Wl orme the

target N trog

5

10

15

20

25

30

35

éﬁrget materlid

not be
target support but on one or more intermediate plates
{called "tiles") which will be bonded onto the support;

- the target material (for example based on
molybdenum) will be formed on the support or on the

dire y onh

tile(s) following the same procedure as above; and

~ the bonding of the tile(s} may be carried out
before formation of the target material (if the support
has a high mechanical strength) or after formation of
the target material on the tiles in the case in which
the support is not strong enough. In the latter case,
the dimensions of the tiles will be determined so as to
ndnimizelthe risk of them being distorted during the
operation of forming the target material by plasma
spraying.

IMPLEMENTATION EXAMPLE

This implementation example 1 (figures la, 1b and lc)
relates to a tubular target based on a refractory
metal, especially based on molybdenum, intended to be
used in magnetron sputtering with a rotating cathode.
The following process was carried out:

- support tube made of austenitic stainless steel
such as, for example, X2CrNil8-9 or X2CrWiMol7-12-2;

- surface preparation of the support tube by AZ
grit 24 alumina-zirconia abrasive blasting;

- production of the keying sublayer by twin-arc
wire spraying, carried out in air, the keying sublayer
having an NiAl (95% nickel/5% aluminum)} composition. In
the example described, the thickness of the keying
sublayer was a nominal 200 pm;

- formation of the molybdenum active film on the
target by plasna spraying under the following
conditions:



content in the target A According to the invention 657 18 340 20 B
According to the 1tnvention 657 18 240 20 C According to the invention 922
26 340 23 D According to

_20_

o plasma torch imparting particular plasma Jet
velocity characteristics and consequently sprayed
particle characteristics,

o target placed in a chamber,
of the
chamber, for example by pumping and then filling,

5 o creation an inert atmosphere in

o use of cryogenic cooling Jjets directed onto
the

torch,

target, these being distributed around the

10 o the powder used for producing the target was

a molybdenum  powder having the following

characteristics:
m agglomerated-sintered molybdenum powder
a particle size dso = 80 um

15 m 99.95% purity, with in particular 20 ppm
of Fe and 600 ppm of oxygen and
o plasma spraying with the fellowing
parameters:
m a plasma torch with the following
20 parameters was used to produce the target of
the example:
Ar flow H; flow | Arc current S}l)raylng Powder
Parameters rate (slpm) | rate (slpm) (A) distance flow I:ate
(mm) (g/min)
Values 50 15 600 160 160
used
o surface finishing by polishing or machining

25

30

so as to obtain a roughness such that Rp., < 15 pm.

As

indicated above,

thanks

to the

according to the present invention,

in the

target

obtained was

450 ppm,

specific process

less

the oxygen content

than the

600 ppm content initially present in the powder.

Additional

results

according to

this

protocol

for

producing a molybdenum target with different powder

compositions,

in comparison with a result without a




the invention 526 29 360 18 E According to the invention 526 29 360 19 F
~According to the invention 706 31 580 30 G No cooling jets 560 29 960

- 21 -

cryogenic jet according to the invention,
the table below:

are given in

Trial - Oxygen Nifrogen Oxygen Nitrogen
Process content in content in content in content in
reference
the powder | the powder the target the target
A Accordingto | g5y 18 340 20
the invention
B Accordingto | ¢sq 18 240 20
the invention
c According to 922 26 340 23
the invention
D Accordingto | 5¢ 29 360 18
the invention
E Accordingto | 54 29 360 19
the invention
F Accordingto | 746 31 580 30
the invention
G No cooling 560 29 960 83
jets

As the above results show,
5 with

the plasma spraying process
distributed around the

it possible to reduce the oxygen

cryogenic cooling jets
plasma torch makes
content in the target compared with the oxygen content
thus

especially since it

in the starting powder. It is unnecessary to
choose a very pure starting powder,
10 is

containing a

not possible in practice to avoid the powder

certain amount of oxygen.
the thus

The process

according to invention 1is

particularly
advantageous.

15 Implementation example 2 of & target based on a

refractory compound 1is given below. Here, this 1is

tungsten (refer to figures 1d and le).
The implementation example relates to a planar tungsten
20 target intended to be used in DC magnetron sputtering.



83 As the above results show, the plasm spraying process 5 with cryogenic
"coolTng jets distributed around the plasma torch nmakes it possibleto '
reduce the oxygen content in the target conpared with the oxygen content in
the starting powder. It is thus unnecessary to choose a very pure starting
powder, especially since it 10 is not -pagstble in practice to avoid the
powder containing a certain anmount of oxygen. The process according to the
invention is tlgs fpérltJWé;u@aJPrtVC%ﬁm/amsag@@méedl@ut hpl enent ati on exanple 2 of

a target based on a rebhackQEYi&GOTREURG S n cmeléw iheEBmedtse i S
tungsten (refer to figures_ i rrent tlon exanpl e

relates to a pl°awar ¢ ﬁBQFEnPéBt‘FaF‘@é‘fﬂ‘??ﬂ @(TqPS yu§8d f P EESAgnet r on
sputtering. -ori2d thE&heatgktosumgonr,ocess was carried out: _
constructign of the t n i di at og%% PPlde BLALLy I Nt ended
subsequent ?y to be br%gggggﬁt 8?8ﬁ595€{5%t5€u€h%rt 2 surfacee pflepar ation

of the supportIfitatl® ByURFNGriiras il rﬁélflerébﬁ?’él%'r asive bl asting;
plr?)ductl (ﬁn of b][ he Ke%plﬁgdﬁubiaxyeromytnbask’@l&m agungapérab@ﬁbm&ﬁ)é 10)

all oy, the su aer aV|n i ofl i t he
tungsten acti ve TR t%e%flgrﬁgggﬂg;&bl%lsl 's&rhgelylsﬁlg)l& %kgﬁ?o | owi ng
conditions: thicknessppiskBOtwrch inparting particul ar pI asma jet velocity

char actelrll@t Id cs and ﬁ@@%ﬁg\al%ﬁ' bﬁ%ﬁdeéuﬂé@@érﬁl QE@lG@arfaQEnerdrﬁttlﬁﬁb 2 kpa)
target placed in a chapber unpi n cl vacu a
fol owed by fitHi%9%g of P¥he @rfg"’r‘?’ﬁe aﬂ:% Jarr“{;on \(L\'Eﬁrto P&t r#m%go%n?o obtain
an inert atnosphetieizdgconposed of argon with an oxygen partial pressure <
10-2 kPa) in the Chamaegﬂasﬁ@et%cﬁrmg)%mngogg!regcmls 91&% eﬁieento the

target, these being distributed around the torch 50 used for
produci ng the tar getelRgd it FRGeeehsswdEl hav PRt ﬁ@P&FHBﬁPEb sprayed
15 particle characteristics,

0 target placed in a chamber,

o pumping cycle {(down to a wvacuum of 5-1072 kPa)
followed by filling of the chamber with argon (up
to 1 atm) so as to obtain an inert atmosphere

20 {composed of argon with an oxygen partial pressure
< 107% kPa) in the chamber,

o use of cryogenic cooling jets directed onto
the target, these being distributed around the

torch,

25 o the powder used for producing the target was
a tungsten powder having the following
characteristics:

m particle size dsy = 25 pm
= 99.95% purity,
30 o plasma spraying carried out with the
following parameters:
m a plasma torch with the following
parameters was used to produce the target of

the example:

Ar flow H flow | Arccurrent | SPTaying Powder

distance flow rate
(mm) (g/min)
Values 60 14 550 130 120

Parameters rate (slpm) | rate (Slpm) (A)




characteristics: particle size d50 = 25 pm 99.95% purity, 300 plasma
‘spraying carried out with the follow ng paraneters: a plasma torch
with the foll owi ng paranmeters was used to produce the target of the

exanpl e: Paraneters Ar flowrate (slpm H2 flowrate (slpm Arc current (A
Sprayi ng di stance (mm) Powder flow rate2@gfmn) Values 60 14 550 130 120

used

o surface finishing by polishing or machining

so as to obtain a roughness such that Rpax < 15 um.

5 The targelt obtained had the following other noteworthy
characteristics:
density = 88%

electrical resistivity such that:

Theoretical volume resistivity of tungsten at 5.5 uQ.cm
20°C
v e e o
Volume resistivity at 20°C measured on the 9.55 uQ.cm
target by the ASTM F76 (Van der Pauw) method

10

Example 3: Implementation example of a magnetron target

made of a resistive oxide (refer to figure 2)

This implementation example relates to a planar target
15 made of barium titanate BaTiOs-, intended to be used in

DC magnetron sputtering.

The following process was carried out:
- construction of the target on an intermediate
20 copper support plate intended subsequently to be brazed
onto the target support;

- surface preparation of the support plate by AZ
grit 36 alumina-zirconia abrasive blasting;

- production of the keying sublayer by plasma

25 spraying of a CuAl (90/10) alloy, the sublayer having a
thickness of 150 pm;

- formation of the BaTiOsx active film on the
target by plasma spraying under the following
conditions:

30 o plasma torch imparting particular plasma Jet
velocity characteristics and consequently sprayed
particle characteristics,

o target placed in a chamber,



- 23 - used o surface finishing by polishing or machining so as to

- obtain a roughness such that R < 15 Rm 5 The target obtai ned had the
foll owi ng other noteworthy characteristics: density = 88% el ectri cal
resistivity such that: Theoretical volune resistivity of tungsten at 20C
5.5 MXm Vol une resistivity at 20C neasusned on the target by the ASTM F76
(Van der Pauw) nmethod 9.55 uf2.cm 10 Exanple 3: Inplenentatlon exanpl e of
a magnetron target madeunfizg rewilst i (dowoxitde a vefcarnt @ ff Sy & kHa) Thi s

i mpl ement at i on exa%8h§0%5&3595f391§n@|@PaEhéaéﬂgﬁbéé wede ofgdhariugn
titanate BaTi O3_x intended t0 be used in DC pagnetron sputteri The

fol | owi ng process Wds %aPFWédfﬁhtas to obtaiynéfy yti$on 6F1e %%ﬁget on
an internedi ate 20 (eoppesesuppostggh ateh nirendadicesulpseqient byesoute brazed
onto the target suppogts f paration of the support plate by
AZ grit 36galun1nan?pco#F§ a Pagﬁéé%%%mg%fn production of the
keyi ng subl ayer by pl 8shée 29fs ARG i6f Q9QQLM9(IHW%Iﬁl%ﬁQQ%ﬁ ¢He® subl ayer
having a thicknesstet 188-d¥8, foeestiwnief thetBadu€dd, aacuhde flid mon the
target by plasna sgr% an under the follow ng conditions: 300 plasnma torch
i nparting particul % asma jet velocity characteristics and consequently
sprayed particle charactkei ppivdsr vsedr et pradeding bhehbabegt was

10 a barium titanate having the following
characteristics:
m agglomerated-sintered powder
m particle size dsp = 70 pm
m 99.5% purity, (SrO impurity excluded)
15 o plasma spraying carried out with the
following parameters:
B a plasma' torch with the following

parameters was used to produce the target of

the example:

Ar flow H, flow Arc current Sl?raymg Powder
Parameters rate (slpm) | rate (sipm) (A) distance flow r.ate
{mm) {(g/min)
Values 35 15 500 120 35
used
20
o surface finishing by polishing or machining
so as to obtain a roughness such that Rpax < 15 um.
Essential and advantageous characteristic of the target
25 thus produced:
Theoretical volume resistivity of BaTi0O, 10° Q.cm
Vol istivity measured on the target at
olume resistivity measu g 4.5 KO.om
20°C
The process according to the invention makes it

possible for the resistivity of the material of the




- 24 - punping cycle (down to a vacuum of 5.10-2 kPa) followed by filling
~of "thée chanber wth argon (up to 1 atm so as to obtain an inert atnosphere
(conposed of argon with an oxygen partial pressure 5< 10-2 kPa) in the
chanber, use of cryogenic cooling jets directed onto the target, these
being distributed around the torch, - 25 - t he powder used for producing
the target was 10abariuntitanat ehavi ngt hefol |l ow ng characteristics:
aggl oner at ed- diageted povglererpargrecitd ysirzagluceg0 by 70regimng  oxygen
99.5% purity, eoahkikapurity excluded) 150 plasma spraying carried out with
the foll owm ng paraneters: a plasma torch with the follow ng paraneters
was used to produce the target of the exanple: Paraneters Ar flowrate
(sl pm Hy fl owheat€otsl prgheArta reutr entcorA)inSprtayitig dxstrgrice dammbdPowder

5 used in DC magnetron mode and makes 1t possible to

produce stoichiometric BaTiO; films by using a moderate

partial pressure in magnetron mode (not producing the

same drawbacks as in reactive magnetron sputtering with

a high partial pressure, for example pO; hysteresis
10 phenomena) .

Example 4: Implementation example of a magnetron target

made of a volatile oxide (refer to figure 3)

15 This implementation example relates to a tubular target
intended to be used in rotary cathode magnetron
sputtering. The following process was carried out:

- support tube made of austenitic stainless steel
such as, for example, X2CrNilB8-9 or X2CrNiMopl7-12-2;

20 - surface preparation of the support tube by AZ
grit 24 alumina-zirconia abrasive blasting;

- production of the keying sublayer by plasma
spraying, carried out in air, the keying sublayer
having an NiAl ({80% nickel/20% aluminum} composition.

25 In the example described, the thickness of the keying
sublayer was a nominal 150 pm;

- formation of the AZO (2% Al,0;-Zn0)} active film
on the target by plasma spraying under the following
conditions:

30 o plasma torch imparting particular plasma jet
velocity characteristics and consequently sprayed
particle characteristics,

o target placed in a chamber,

o use of cocling jets,

35 o the powder used for producing the target was
an AZO powder having the following
characteristics:

m particle size dsg = 50 pm

s 099.9% purity,



flowrate (g/mn) Values used 35 15 500 120 35 20

by pol'tshing or

Essenti al
Theoreti cal

makes it possible for the resistivity of the nmateri al

o surface finishing

nmachi ning so as to obtain a roughness such that RmXx < 15
and advant ageous characteristic of the target 25 thus produced:

vol ume resistivityofBaTi O3 109 Q cm Vol une resistivity neasured
on the target at 20C 4.5 kficm The prorgess according to the invention

of the -

25 -

t ar get

to be very greatly redudednsy cspatyhydoxygarriggdcaneibes. WHar ef 6he, the
target according tgihg, sxpmRereddrbe

. g

plasma

torch

with

the

following

parameters was used to produce the target of

the example:

Parameters

Ar flow
rate (slpm)

H; flow
- rate (slpm)

Arc current

(A)

Spraying
distance

(mm)

Powder
flow rate

(g/min)

Values

45

15

700

70-110

45

used

o surface finishing by polishing or machining
s0 as to obtain a roughness such that Rpax < 15 pm.
10 The

process makes

according to the invention it
possible to produce a monolithic crack-free AZO target
with a thickness of 6 mm and with no Jjoins between
segments.

The target obtained had a density of 92%

for a theoretical AZO density of 5.57 g/cm®).

(5.15 g/cm®
15

PROPERTIES AND ADVANTAGES OF THE INVENTION

The targets according to the present invention have the
20 following properties and advantages:

o better utilization factor of the material used
in tubular targets obtained by plasma spraying compared
with those obtained by the hot-

forming) processes because the process according to the

sintering (and/or

25 present invention offers the possibility of depositing
additional thickness at the ends of the targets so as
to compensate for the extensive localized erosion in
the

radius of curvature,

zones corresponding to the bending, with a small

of the magnetic field created by

30 the cathodes and their magnets. This makes it possible

to achieve target material yields greater than 75%, or
even 80%, whereas the yields remain below 75% in flat-

profile targets. As a corollary to using this type of



5 used in DC magnetron node and nakes it possible to produce stoichionetric
BaTiO3 TilTnms by USing a noderate partial pressure in magnetron node (‘not
produci ng the sane drawbacks as in reactive nagnetron sputtering with a

hi gh partial pressure, for exanple p02 hysteresis 10 phenonena). Exanple 4:
| mpl enent ati on exanpl e of a magnetron-target nmade of a vol atil e oxide
(refer to figure 3) 15 This inplenentation exanple relates to a tubul ar
target intendddngethe fised, i resmticiml lyatthodenvagheenon-kpiad ef1 Heg, The

fol lowing progess WasaGabh! eghOM @ r, unifSHRPOYL JAdie 1eRdespbngusienitic
stainless steel such as, for exanple, X2CN 18-9 or. X2Cr Ni M017-12-2; 20-
surface prepard¥iéit6F 1PheCsufpBREStebe BY AP Gri P9I ER Ui ik zi Y&Oni a

abr asi ve bl astdangace of whprbdubéi 6nlofwidheldmybdingdsublkayetebybpl asna
sprayi ng, earrj | N ahg, i subl aye i I (-80%

ni ckel / 20%§al ddrﬁe%u%ﬁacﬂorri{go%ft i‘%ﬁ? %%gtnﬁg?hgge%n%\lwe%%ri egl?é%%erg

t hi ckness of t'H&tdyi nghdgbl BgaFUHBBERE nokd ndl2rHEEd | AT USINgf giBrati on of
the AZO (2% Ala3Q3rdnQ:s acbifve them onnider t arggle by 3l aswenspeayssiyg under
the foll ow ng n?%rlc.q;,irtei ns: 300 plasma torch inparting particular plasma jet
vel ocity char acteristres’and consequently sprayed particle characteristics,
target placed in acchanber natggaadf ththmpy ersnassoer hédhsowdlerdesed for

pr O?'UC: ngighe B%%Sgﬁﬁn@n%g%g\éfﬁﬁgaﬂﬁ{@&ﬁ@%|d@‘Mh@9 tgﬁlaéecmsyi s&ics:
particle size - ism, 9% ppurity, - - as raying
carried out witHEHe FHIEW Ty tﬁar‘ﬁﬁet‘%%&red 2 terime ghgrggﬁg(fl&’%h with
the foll ow ng tParcmetser sbaasy usied tfecpr odkicentimed abgettlof Skhecexdnpl e:
Paraneters Ar §lQWion of production without stopping the line);

0o in the case of tubular targets, it is possible
15 to bias the target in AC mode or DC mode with power
levels in excess of 30 kW/m (increase in deposition
rate), without the risk of cracking (due to the thermal
gradient between the support tube and the target) or
the risk of braze melting; and
20 o because the material thickness is reduced to the
amount strictly necessary for the user, it is possible
to limit the voltage needed to sustain the high-power
discharge and thus make this target compatible with
current magnetron power supplies.
25
In the case of resistive-oxide targets accerding to the
invention, the advantages are the following:
- possibility of producing ceramic targets for
obtaining resistive thin films by nonreactive magnetron
30 sputtering, requiring the use of a moderate oxygen
partial pressure {(no hysteresis effect in use). The
ceramic targets obtained by the process according to
the invention have a greatly reduced resistivity
relative to the theoretical resistivity o©of the
35 compound;
- possibility of producing large monolithic
cylindrical targets;
- possibility of producing targets with local
extra thickness at the ends (“dog-bone” targets); and



rate (81lpnm) 112 flow rate (81lpm Arc current (A) Spraying distance (nm
Powder TTow rate (g/mn) Values used 45 15 700 70-711I0 45 0 surface
finishing by polishing or machining so as to obtain a roughness such that
Rmax < 15 Rm 10 The process according to the invention nmakes it possible
to produce a nonolithic crack-free AZO target with a thickness of 6 mm and
with no joins between segnents. The target obtained had a density of
92% (5. 15 g/ cnB 15-f oexaelheot ebpodindzOodéhsi tappyors, 3Tbg/ oiigh PROPERTI ES
AND ADVANTAGES® P -HHE L NWVEMIL@N:te phasthe targets according to the present

I nvention have the 20 follow ng properties and advantages: o better
utilization factor of the material used

In the case of volatile-oxide targets according to the

5 invention, these offer the following advantages:
- material vyield losses are minimized and the
process is viable for this type of composition; and
- the internal stresses in the targets produced
by the process 1in question are reduced, without it
10 being necessary to increase the porosity. This makes it
possible to construct targets having greater
thicknesses than in the prior art by plasma spraying
(for example 6 mm in the case of AZO).

15 In the case of monolithic tubular or plahar targets
preduced using the present invention, and in contrast
with  targets comprising assembled  segments, the
following risks are considerably reduced:

o risk of appearance of arcing, which generates

20 parasitic particles, and the risk of fragments of the
target material being separated from its support, which
is known to be a source of contamination of molybdenum
films;

o risk of sputtering braze material or target

25 support material via the gaps bhetween segments; and

o risk of thermal or mechanical failure of the

bonding (braze or conductive cement)} to the support.



in tubular targets obtained by plasma spraying conpared with those obtained
by the sintering (and/or hot- form ng) processes because the process
according to the 25 present invention offers the possibility of depositing
additional thickness at the ends of the targets so as to conpensate for the
extensive localized erosion in the zoreg9cerresponding to the bending, with
a small radius of curvature, of the magnetic field created by 30 the

cat hodes and their nmagnets. This nmake&LAIMBossi bl e to achi eve target
material yields greater than 75% or even 80% whereas the yields renain
below 75% in flat- profile targets. As a .corollary to usjng this type of -
27 - target, fi-1ms? cBERERSFI yEptr R RAYHIBNUM baesdoH | AY, HETBIA & ned
whose Ro uni form t gppapinge, eabengaalyhbyagtiesnst | pmiyiagsilgn darnhe
substrate gt the syrfac i he_fj d Lt deyi by no 5
nmore than 9296(f0rugxgn§ﬁgggﬁhgggﬁ %t?%&%Jgﬁyﬁ%FzgRﬁiﬁﬁggﬁ?.g%h?%£§t
nmeasurenent is car PP&d GRTARINGG FFar at TN of TEREACHRIGY " BGERL Dy
contact| ess nmeasur egenttivewW deorntiesi al khidcknessladnge on bdhedésy get 10
between 1 and 25 h hi ckne o] he _target_.may he according to
t he desired Iifetr%%a%ﬁgF%E%%?@hﬁzlt%?% ngés:%gFﬂb ¥Hgf§%¥gﬁgggrﬁ$ﬁed by

t he expected dur at Beadofoppedndt ion thet Reum Sfoppikegdele chimpeyitdonn t he

case of tybul ar tapgetsyid tedfpRResi P esgiad&d bbas thBensar ggtaing\C node or
DC node with power Igvelgfin eﬁiess of 39 K qéélncrea e.in geﬁos tion
rate), without the®Pit8k a8t &FxHcki MY (W IE A THEF il §Padi-@h?e bet ween

t he support tube and tehectmrygetledratiespticsie afndor azethett ppgerand, 200

because the materighttBhekngssdy3geRiucedobashhe AMUNG; SidiLi | ynpscessary
for the user, it is possible t imt the voltage needed to sustain the

I ol
hi gh- power di schar §8ah@ 8Rts IHukRBIt hFS Yt e GREFRPeER ent
magnet r on lpower suppbuag. tBS phatie tcash afrer esedti ve- oxi de targets
according to the invention, the advantages are the foll ow ng:
possibility of producing ceramc targets for obtaining resistive thin filns
by nonreactiVéhnagﬁ@proﬂroductlon process as claimed in claim 1,

characterized in that the compound is sprayed in a

chamber that has been purged or rinsed and then
20 filled with inert gas, at a pressure that may
range from 50 mbar to 1100 mbar, so as to create

an oxygen-depleted atmosphere within it.

3. The production process as claimed 1in either of

25 claims 1 or 2, characterized in that the thermal
spraying is carried out by a plasma torch and in

that the plasma gas mixture used is reducing

{capable of reducing the oxidized compound content
initially present 1in the powder), preferably the

30 composition of the plasma gas mixture comprising

more than 10% hydrogen or another reducing plasma

gas.
4. The production process as claimed in c¢laim 1,
35 characterized in that all or some of the cooling

jets have an oxidizing character.

5. The production process as claimed in any one of
the preceding c¢laims, characterized in that a



30 sputtering, requiring the use of a noderate oxygen partial pressure (no
hysteresis effect 1n use). The ceram c targets obtained by the process
according to the invention have a greatly reduced resistivity relative to
the theoretical resistivity of the 35 conpound; possibility of
producing large nonolithic cylindrical Bargets; possibility of
producing targets with local extra thickness at the ends ("dog-bone"
targets); and - 2Beying sublbxwel | démt beadi ngthis t feisgppdeposiird with no

mel tabl e intermedi gEeophagGia combBuhh® iGaSEhamaakatddered dg, tafgets
according to the 5 invention, these offer the foll ow ng advant ages:

t 0
material vyield | 0s§BETaFe RPRFHiR & 4h¢ TREIPF obRsWGE A%bl e for this type
of conposition; and the internal stresses in the targets produced by
the processg in questlo re . C i.th Lt ei ng c ary-to
i ncrease the g%ros?%%.%ﬁ%dgc%gggs%ﬂ¥#%%%s?%%e&%%ﬁgﬁgs%gugﬁgtg?%%t%fhaving
greater thicknesse§hBh&raqeding pelatnsr t chyrptbarkcashr )i fgatf ofhexanpl e 6
nmin the case of AZQetlSid nthbemgdse @bgUmABEd! Riueihybuwllar praghanar
targets produced using the present invention, and in contrast wth targets
conpri sing assenblggrggbﬂ%hts, the follow ng risks are considerably
reduced: risk of appearance of arcing, which generates 20 parasitic

particl es;pand t he phipsk Qfaddragme:o@fsst hes t a1 gphedrat 81 iadly Rgingosepar at ed
fromits support, mﬂlch i S kgomn ta be a source of con anlna% on of
the g |hF a

nol ybdenum fi | s; preceding g )CGF Syt FBRFAGE DT EZE ndter t8F ort ar get
25 support materi albowdart hegapsibéebnweermfsegeeid s; sppndyed  compogid of

t hermal or nechani LLyre o bondi, ngs ze ondylct i enent)
to the support. -%%gp%éékgéws %Oagggrocgégg%%gg%rodﬁ%?ﬁg aytarég%&by

thermal spraying, E4§&CEREFYCOBy pl agh#®8prayi RY by meaisPis <oPPalBf asma
torch, saild target 2coppr ksbag<attobemst onel corpaung ohpser0brpm redéractory
netal s, resistive %ﬁi es and volatile oxides, characterized in that at

| east one fraction of said conmpound in the formof a powder composition 10
of said conpound is sprayed by thermal spraying, onto at |east one surface
porti on f’f thegtargele, @b %ﬂd@«;bs%t rﬁé§p5$é@mﬁ<ﬂldihn dijatopowef ul
optionally cryogenigc, .cooling jets rect nto the .target ring.its
construction and dF@F f ube&glga?gﬁné gﬂe?blé@ﬁﬁf%&ﬁﬁﬁ%egrénugg ? g? The
product i o0pr ocess iaslubdgsned ismbskgient, heledr acrertinent | atepatin ha

conpound i s sprayeq.ddhcadnghaifisditale NES- begr RUNGRALOTof | ReadcaAg then

the oxygen content present in the target after the

thermal spraying step.

25 9. The production process as claimed in any one of
the preceding claims, characterized in that
several compound injectors are used for injecting,
at different points in the thermal jet, different
materials for which the injection parameters are

30 adjusted independently accordiﬁg to the materials

injected into each injector.

10. A target that can be optionally produced by the
process as claimed in any one of the preceding

35 claims, said target comprising predominantly a
compound chosen from refractory metals, resistive

oxides and volatile oxides, and having a lamellar

microstructure.



20 filled with inert gas, at a pressure that may range from50 nbar to 1100
nbar, SO as to Create an oxygen-depl eted atnosphere within it. 3. The
production process as claimed in either of 25 clains 1 or 2, characterized
in that the thermal spraying is carried out by a plasnma torch and in that
the plasma gas m xture used is reduci Ag3{capabl e of reducing the oxidized
conpound content initially present in the powler), preferably the 30
conposi tion ofltheTiy ashrragds abxteaireshpinsi e nivvecedang 10%diydr ogen or
anot her reducing p&%f%@@ﬁze‘h itherpoduct i oL QL ess @Sréfﬁééﬂ%ﬂcy n claim
1, 35characterized in that all aor sonme of the cogllqgvknglhav

oxi di zi ng char act eFoMBOUNe ABAo AR | BR FHGEETECR hYa ‘%%e of the
precedi ng cl ai ns, thamactieei zadesn thatfeaably3@hrekeyimgssubldayerrd s used,
this beings deposi tgg R PeLaify SaldhicarpoLnd | UGB SPEpued: n i e
surface portlon of 'the target in guestion he production process as
claimed in any oner®fi¢hebrecddithg @PQPﬁEndcharacterlzed in that the
target is thermally regul ated during the pl asma spraying. 10 7. The
product]on prgsessyas §Lakapd L Ay ane Of L0gpregeding, chalrb,eq
characterized™n t er onpos |on of S8 d sbraye npound

conpri si ngpowder paiii (ﬂh@éi\m tthadiszdoadiest rebubi orginpemey 30 & D:-;@l&t%‘m p. m

1525 Rm <1§50 < 108xRags a@ﬂd4@1a% fE <t£39<§bt< %ZQDurpéﬂ késy§@ﬂu@ Thesdr oduct i on
process as clai nmed one_of acterlzed in

a a
that it 20 incl udEé an seﬁ%ma]heﬁ?sf?iéja‘ﬁié\ﬁt gt etﬁ’% nogé %ee
at nosphere for thefpatposefoflO0@duginedetrbielpxpgeactont arft xﬂQﬁﬁnﬁndn t he

target after the t@@éﬁaﬁoﬁérﬁﬁﬁﬁgkéﬁh%pa 23cPodhes PI@SHRSI On process as
clainmed in any one of the preceding ¢lains, characterized in that several
conpound injectors are used for injecting, at different points in the
thermal jeb, di3f.fereat teateri alss dorinwdd cin t beaim) @0t | ehaparbeeised are

in that it is based on a compound of wvolatile

oxides and has a nominal thickness greater than 3
mm, preferably greater than 6 mm.

20 14. The target as claimed 1in the preceding claim,
characterized in that it has a density greater
than 85%, preferably greater than 90%, of the

nominal density.

25 15. The target as claimed in claim 10 or claim 11,
characterized in that it is based on a refractory
metal chosen from molybdenum, tungsten, tantalum,
nicbium, titanium, wvanadium, hafnium, =zirconium,
rienium, rhodium and refractoﬁy alloys that are

30 defined in that they consist of an AB alloy where
A and B belong to the following list of elements:
Mo, W, Ta, Nb, Ti, Vv, Hf, Zr, Re, Rh and to alloys
of the AM type in which A belongs to the list: Mo,
W, Ta, Nb, Ti, V, Hf, Zr, Re and ™M belongs to the

35 list: Co, Cr, Ni, Rh, Pd, Pt, Cu, Ag, Au.

16. The target as claimed 1in the preceding claim,
characterized in that it is composed of a

refractory metal, on the one hand, and silicon, on



30adj ust ed i ndependently according to the materials injected into each
injector. 10. Atarget that can be optionally produced by the process as
claimed in any one of the preceding 35 clains, said target conprising
predom nantly a conpound chosen fromrefractory netals, resistive oxides
and vol atile oxides, and having a | amel Bar-m crostructure. - 31 - 11. The
target as clainmed in the preceding claim characterized in that it is based
on a refractory cofpdurfiheid has awldlrecPFeRA XS sEPITt PaAVesEt¥fan five
tinmes, preferably thoge 1t i iBBe and nRY@-2R0ekemada tp@ﬁesh@dltee;orceﬁl cal

el ectrical FESIStIVI£¥ of the &0 oung 12f.¥% gg@’ et %§t%&a|n§d n claim
10, characterized P tHhat P it ase8 %ﬁ & of resistive 0 oxi des
and has a target vmbMﬁEOﬁe515kﬂqnmqlQnﬁﬁﬁrabﬁanJth@Oh@nvﬁaKefé@¢§Q¢Wity of :
the oxide By a fackers0fodP0P, ndref eyrakliy sachactor of 10000 and even nore
preferably a factor of %0000. 15 13. The target as clained in claim10,
characterized in that it is based on a conpound of volatile oxides and has
a nom nal thi dkhnesshgr eadeget has 3cimingd efier abhy greateringhanlgimm 20 14.
The target as clai grd, LAy Lbe, i eerding.Clakm chanac griczedeipcthal it has
a density greater t %9 preferably greater than t he nom nal
density. 25 15. Theftarfer adad¥sitnedi$n QFPRSiGSor %W%JnF?TPrlseS
characteriiped in thatrhbtbsybasethon lameeinact piyramisadd chhasan Huom

nol ybdenum tungsten, tagtgaH31 QgObIUﬁ] titanium vanadi um hafni um

zi rconi um rheni um’ rﬁoa untand reTractory alloys that are 30 defined in
that they consist of an AB alloy where A and B belong to the following |ist

of elenents: My, Wrnia,tdWyetli as Velbimedr ,:LnReG:leRhn amd o aélé).ﬁt@ @2 the AM
type in which A belgﬁgs 9, the l'ist; Re and M

bel ongs to the 35l HANT B Q’{E)Pi'Jt =3 beﬁedAﬁn it li%StTﬁ% t ar get
as clained5i n the pee@eunng @BaﬁﬁtCﬂhaeacﬂbﬂnmthenf@mEAY|@f|Qxeéﬁ@osed of

a refractory netal h,Q8,5N6 OperHANG: AN SId iGN, 0PN formBPa - nBOE 04 her in
nol ar proportions that %Dran ge_from1l nole of refractor neta 8?
l'i con,

mol es of silicon upPE6Ps S8 of %15 aBLBP§hRt QF pEP™at

preferably 1 nole eflemehtactocky Bhﬁtath®egum2wﬁﬂuhe(ﬁakanbneenoflﬁheThe
jarget as olalied iehBRERLECUNG CLALNY Shala! 8k a6l | Da 1Al LhE

| anel l ar m crostructure is’conposite an onpri ses

10r ef r act @y netalth%nﬁl%ﬂ?ﬁﬁbﬁkuﬁﬁﬁﬁ?%Mqﬁﬁnﬁuﬁ% $8| ie€¥All &ifel $-ae®r18. The
target as clai ned ichogkal NEFdéh Olox@lam Havithagacéerimmeidd /e dikatile i s
based on at | east

%%%ucture of the AR:0s type in which B is Nb or Ta
and A is an element of wvalency 2, for example Sr,
Ba, Pb, etc., or is chosen from the list: Tai0s,
25 Nb:0s, V205, Zr0,, HfOG,;, Ce0z, Y,03, Aly03;, Lap03, MgO,
BeO.

19, The target as claimed in the preceding claim,
characterized in that it comprises a composition

30 consisting of a mixture or combination of two or
more resistive oxides or comprises predominantly

one resistive oxide.

20. The target as claimed in c¢laim 10 or claims 13 or

35 14, characterized in that it is based on at least
one volatile oxide satisfying the criterion: Tysp <

Tm + 400°C, it being possible for this oxide to be

in particular zinc oxide, tin oxide, barium oxide,

cadmium oxide, indium oxide, molybdenum oxide,



15 resistive oxide chosen fromthe famly of oxides having a perovskite
structure of fornula ABO3 in which A and B are elenents or conbinations of
el enents such that the sumof the valencies of the elenent(s) constituting
A and of the valency of 20 the elenent(s) constituting Bis equal to 6, or
chosen from oxi des having a colunbiteft8Brutile structure of the AB206 type
in which Bis Nb or Ta and Ais an elenent of valency 2, for exanple Sr,

Ba, Pb, etc., or i&iehosenifiomddred i stitiTa2ebumPBNbh2050¢1 Xedmmf 75 02,
H02 f Ce0 2 f Y @81Biuh20%ir,82Q3uorBE ,0BeQndki%m, Thert as geatias cl ai med
in the preceding clai characterized in that it conprises a conposition
30 consisting of a’ J;(T']Ilrﬁr% - THr° ination of two or nore resistive oxides
or conprises predomnantly one resistive oxide. 20. The target as clained

n claim 19 opiclapfs et 3hsldel ENACHRT | 260 Igrhalin! éﬁalb[gsed on at

| east one volatile oxide satisfying.t criterton: Twit, <"Tm + 400C, it
bei ng possi bl e for SPATACHHEHFEY ol%etpﬁtpaﬁtt | UL 5850 @ 0%PBROS 15 HP bxi de,
bari um oxi de, cadnconzoxtiey iofdi ammkitdese rmlrybdanmmabmmhe of- 83® - zinc
oxi de doped with yhden Neabl¥RL L PE, OFodNdi um  or
a mxed indiumti %g%ggﬂ% rg%!f@heggpar &H) as’ c alprr’tg,?fi1 |lnn %.h{' %r ecedi ng
claim characterizé@l#hitha@xide conpri ses a conposition consisting of a

m xture orgconbi nation of two volatile oxides or corrprl ses predom nantly
one vol ati | e%?l de 10 22. A process for rodu egyL| | mtl% p]utterl ng a

target, chara érlzecP Or?etsﬁat ?]ﬁepggfi}j‘éf‘n s “ob a| progess as
clainmed in any onetefgetai nshdragt@rizigl in that the target is

obtained by the process as claimed in any one of

claims 1 to 9.
15



