- 1 - Process for producing a target by thermal spraying The present
invention relates 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;of the invention, it also 10
relates to a target that can be possibly obtained by inplenenting said

process and topirbeedse ol proluaihgl actakgbtt B9 BHEPRSE ShroPiagning filns
based on the material sputtered fromsaid target, and also to a conposition

of the conpound for producing said target 15 by the process according to
t he i nventi dhe Vapiresent ecl:imirqueiohor Mmtfeact utd Ngat apgeicess nctodi ng

certain po .mng_t vvn Thus, .the t ets_in question
may resul tm%%)rar{u?lcrﬂégtl ng(é% ocess "2%{% ﬁe cas'é BE it & E?% %%51 or a
powder sPnt mqvgsme@ce@@rlfmdom@ bynf@r INarguwpersat mnsal(u nnelé case of

metal target@hctQfien dids NG g 6 4 ]ﬁﬁ’tﬂpé){
di rect asserrbac sinteré se mansfs m%};s%; con entl ong‘f y a tec%nl gue of

t hermal spr &F ﬁ@’ A @ﬁaﬁ’oﬁéuﬁ PELEG - arI y a plasma sprayi ng techni que.
These targets are intended to be used in processes comonl y errpl oyed on an
i ndustri al %al e for thin fi]lmdeposition, eci, al | égon a ass substrat e,

such as 30 FOFORERS &9 haaElREt raﬁﬁ’eé’ﬁutctfer*f g pPBERELOD nithi&L¥Pocess, a
pl asm i8 crmatae@a nta Ai glan@mutmatos:em G pasgeblgomsmtlaim@ tine

chem cal qglg,rite%egj%lpl dggfglftp g%&l V&, Swf?]”CI e&%gf téwe asma, by

bonmbardi ng th el erre nts are aeposﬁ?ed on
t he subst r at@rgesr rﬁqxg ttl‘nie mexspcp%@ ofi pbtakning- f2 1msphecess drs tised in

whi ch the phasg i3 cgﬁ@%ége&n'ﬁ/r&ﬁ RaSRULEEEERY, 9 dpraqf e a? nobl e
gas of the Ar, Kr, Xe or Ne type. This process™is inp errent ed arge

substrates SRAPESAEHET taf nthial ﬁ@"ﬂ?u@@ d@ﬁbsPF@@uﬁhnS Sapsk r‘a@etf or

exanpl e18 | abyghass pyheeks wetBrahidgs tof ther ent/BaBi6nm in | ength. These
targets have a planar geonetry or a tubular geonetry. 10 Planar targets

have the advantage of being able to be integrated in cathodes of relatively
si npl e ar chiveedbuse teoifpaned swifidr aatrhottes wdedicr atashdics r aimsyudhtiget s,

which are ”H%QtEQBep%%&@&eébrﬁﬁﬁ3”yécﬂﬂfﬂ%@é, 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 gintered segments, or

less conventionally a technique of thermal sgpraying and

25 more particularly a plasma spraying technique.

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 vacuum 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 molybdenum, a non-reactive deposition



15 targets have a utilization factor which is generally 50% or |ess, which
is not the case in rotary targets that have a utilization factor

. Substantially greater than 50% 20 In the specific case of thin filns nmade
of a refractory netal such as, for exanple, tungsten or nol ybdenum

mol ybdenum being a particularly expensiye.nmetal, it is preferred to use
rotary targets of cylindrical geonetry, as described in the patent US 4 356

073 since 25itdeses 88 9etsd hay eyRi aRt eﬁéablaisrﬁédiéré&ﬁ?é@@ai 8a1{hes
proportion of sputtered material relatjve to tfe anount of naterial

avai |l abl e orft uqﬁ?ﬁﬁgf%?s'pr%%%‘??]%’ Y 14 PP i§aRi O r BRe Tt nER 70%
preferably dgieaber Nehanypg®% Thdwesrocasss | bas iaphementgdetfcin larget
geonetries Rl r | sk, .square,. r.ectangular) .geopetries and
the inventi %ﬁﬁaﬁw;gnﬁi geg%lbel(et%o é%%lﬁre;ﬁilgg otf%eget H erPC}C%ﬁgqer%?P?al ones.
Furt her nBr e, subgiiratge afeon etdwple atlatim plasesskseforwith depdsit pAg

mol ybdenum qfdyes diiad dagngl NPt tering using a target: these include
| aser sputtering (laser ablation using a pul sed or continuous |aser) and

i on beam sputtering for exanple. These processes nmay also - 3 - benefit

fromthe usertdsen tcang@picsacaakdi Ng tP14Mer | ERAHAR B I 8JaEGBulRLe
particul arly nmol ybdenum magnetron 5 targets or those made of other

refractory eI %' many inventions have been filed relating to the
foll om Mg processes and form ng the subject matter of the patent

licati ] - Pat licati EP 1.784 518, US
2008) 0193768 HE OvRE S0 BTS2 5 At i B LBRTed ab16 8 Phgor or a
pref orm (undettegqmte@stur elnf 20@thwdzs0 MPaf and xefl ag itvedper at siwpde 1780 to
2175C) fol | qued, e diotyd Cﬁéﬂﬁ}&&?twﬁg?;{%?%c?%caeﬂcé@éatpé e;:BE%% y

rolling or extrusion or forging. Gener S process SO In des a
heat treat neMTISFshydibheh drea sduchale acrRBBpRE: e Havesider Pbar@duce t he

oxi de copt eargetishehsoegel aodl opatooal IPack ot reesch eliaxagdge-anngal i ng
treat nment. %S)Q_AI so known, fr.oryopatent a%cati on, WD 2006/117145, 1s the
conpl ete or part?al TE8Rst Mt S oPOFe TN, 18f GhAget stayIebd
sprayi ng, wtihett cbasests utidpraying af geisdpowteetanctialdyvatgsepesasoni c
velocity, the_powder 25 not being in the nolten state, thereby differing
fromthe thermal spraying processes. In the specific case of thin filns
based on a resistive oxide, these filnms are generally obtained by the 30

react i veo MgRetdRN JRIdiEId Gl Jetdlid af els @k by oxi Péﬁé'&:é?ﬁ
material in sit bg tﬂe parti al pressure of oxygen injected Into the
deposi ti on &FkAder SBFRt iR REESBUL BERPRES of LAMGETAN oPTc PRt RIeBet .

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 geometries
30 are known planar (disk, square, rectangular)
geometries and the invention is also applicable to

geometries other than cylindrical ones.

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



35 The DC (direct current) nagnetron sputtering process assunes that the
material of the target allows the electric charges on its surface to be
. renmoved. This usually excludes ceramc targets of resistive conpositions.

- 4 - The invention makes it possible to produce nagnetron targets based on
oxides, i.e. resistive materials, with the advantage of greatly reducing
their resistivity by 5 introduci ng oxygen vacancies so as to allow the use

of the targedehdr NONEBRHL | Eﬁquléeputaﬁrl ngtgp%gt N sagtd (?vetQC sputtering

t hen becones, OSS|bIe and has the foll ow ng advant ages: the process is
nore stable % ﬂ pressure hysteresis, no instability due to the
formation of a resistive filmon the surface of the initially conducting

target, no spurce of parasitic arcs). higher s tering rates (typically

i ncreased by*7l5 5693’55& BPcE 3 RAF Cd’glr?gﬂé’l nﬁ%ﬁﬁ?#ﬁé"‘%&se‘}‘a%é‘:%g%l ble in

nonr eact bve G gmynebrorthmpde. maSachoff avghes cafdeetprgduseteriqlscert ai E

conposition n du her he |nvent| 20 makes
egth SLEVERLIGRE D Bacedlnlan nuTisahenled DU Pl

it possible to pro targefs w |t|on advantage
associ at ed Wl gWingrepspeagsey, andmefgrming pokei bubieytomaiteducofig | ar ge

nmonol i thic gd igydidfaladArigeiSionsd1 RASH Ridiidy of producing local extra
t hi ckness on the ends o t hese targets é%do -bone" tar : and

excel | ent bondiHEH B8R SRipems thibel w 8a Iﬁ%l%%@ﬁfgﬂ Ereangt e
phase, 1berebwceralyd g4 targets to be used at nuech hi gher power |evels,
and 30 therefore to deposit thin filnms at higher rates. In the specific
case of resistive-oxide-based thin

Pressing then sintering of an ingot or a preform {(under

a presgure of 200 to 250 MPa and at a temperature of
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

RF gputtering of a metal or ceramic target.

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

compositions.



filnms, 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 case of snmall targets, or by sintering
segnents or tiles which will then be juxtaposed during the operation of
bonding the target - 5 - support in thg case of large targets (therefore
resulting in targets with joints). The thermal spraying (especially plasna
spraying) 5 technique used for the AZO (the reader may refer to JP 701433
and/ or JP 7026373 and/qr US 2007/Q137999 for fabricating | TO based
materials) hadS PHVERS10Rsdfet hdde MRERHPHP s Ot HEXRLHR cBPIBELERSR ng | ow
materia: yi ettmgéllwle Ib@sécﬁlf%oﬁaékiaégt &hle.Y@a@&bza{{ﬁomaeériags;Owsegzayed
materi a irmagl' a esults in erial.losses. e process according to
the invention Aﬁafggggﬁlﬁag‘(?s? blgé::e%%;ly T I z@“?%sge?b§§%%1%ﬁd o make
t he procéss imtabbduding soxhgennpasaticdas; so as to talledude: theei nifer nal
stresses in Ss.pr - p. i tion, wthout
needing to i%%e%ﬁ%elrgﬁ%gcﬁk%%%fpgﬁg%%% ?%?iaee'ts to be 20

constructed that have greater thicknesses than those of the prior art using

pl asma spr awidigrdd o iwxan®| Spdet b LhkpesteRl bR E NpLBEISRSCaRE AZ0 - The
pr esent |nve_r5]t| on relates t process for 25 producing a target based on a

a
compound ch i (] ya‘%)‘fad?ﬁ”l'%ﬁgr‘actory metals or resistive oxides or
vol ati | @coxi des, by yHaspRosesayiBgmotet stamblepenal | dgydpen f praBpgeeat | east
equi val ent, .Qr_.even .superior, tao,t.hat obtai ned by, conventional 3
manuf act uri sptreo:'f:eesslsé(;’s. "Pn Wetaé)&ﬁ'tl& %‘f’etﬁ_'é) i nEPEW?EFHE tr nf
"resistive oésietives uhttmst ood ttthereasurfiecéanidfy ofhexi testiwalhya vol ume

resistivity arid ];lg%'sc n. C, amng 4 i xi des the
fol I owi ng fac?nﬁlﬁﬁas e al:lr)éle et irg{\ne%’l&% 60f3%é5\ errp%tl\g]?%ﬁ?t’hat the sum of
the val enci es of 1 hdighateguitening i ¥ateng(Wphdebiy t hecyeaeedybyf t he

el ement {§) GONFHdtWr NSfB 1S3eqe8! 30 Gepdhieidp! oW Re el apkkigs Qfcel enents
constitutin Aar%ciB,rray be ,
%OSSl e 1n 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 tileg which will then be

juxtaposed during the operation of bonding the target



5listed: wvalency of 1 (K, Rb, etc.) conbined with an el enent of valency 5
(Nb, Ta, V. etc.) val ency of 2 (Sr, Ba, Pb, etc.) conbined with an
_elenment of valency 4 (Ti, Zr, H, Sn, Ge, Ce, 1lOetc.) val ency of 3
(La, Y, Sc, Bi, etc.). As an exanple, the follow ng oxides may be found in
this famly: 15- titanatessuchasBaTi O3, grTi @Band Pb(Zr53Ti 47)03. BaTi O3 has
a volune resistivity of around 109 Qcmat roomtenperature; niobates such
as PMN (Pb(lvga%galp@/ 3)A3) ;10 Q)aé?e?“ des \Mlabgé CEE&!BQ'I:EG/W:% lifelécﬁ»e
structure of AB206 type: in which IS or Ta and Is an el enent of
val ency 2 (S?esﬁétlmﬁ 1%tEa¥9%Fsa%l%%sb?%%%%l of these el ement s. To
gi ve an exanple, the niobate SBN (Sr, Ba)Nb06 may be 25 nentioned. «c¢)
refractory g reigstlv oxi des:, oth oxid 1suchlas Ta205, Np205, V202,
Zr02, M2, g 2 G3M2Al 2P AYAE5, ﬁe"s’e %t cPlagra, FRFEYZ8/gh 30
volune réslstechmyq@e mmmdtﬁmpemﬂkurEZOQreﬁkerréaﬁmrlm9w1rﬁﬁew 25C. M xed

ol T sol uti he ! 5%\ ARUBE B Rl sl A o, B a8 Lo ARV NG

(1 ant hanum af &t Haa ngetI(LTO bagedp ourter bl T8t yibe ithewhiase Def Zr, Hf,
Ce, Ti and wogsge anat'%lrua\.f:s,l-athé Oli‘la?ﬁ&a_r. W? é@nh}&@@‘ﬂ@ tié\@nﬁ\ta%e(rl:.%l' 0 )
and -7- WOz npounds I n Ce, ,

Y and where K/le'l‘i% dNt? '6? Vhef of aek aimbiad (‘Z‘-PW N@P@%lzﬁtﬂﬁ’nt Héfcé'-ﬂi‘teext of

the invemt i osprajiedt enateralat i | endxdless1y S wedenskoodih 0 meaertiha famly
of oxides foy which the vaporization onset tenperature Tvap and the melting
poi nt Tn1sati%? Y he followng criterion: 10Tvap < Tm+ 400 C . Anong

t hese oxi des, the foll owi ng pure oxides, with their nelting points (taken

from the litfﬁ@tuﬁfgcégg according to the invention makes it
possible:
15 -~ to minimlize these losges 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 using plasma spraying (for example a
thickness of 6 mm in the case of AZO).

The present invention relates to a process for
25 producing a target based on a compound chosen
especially from refractory metals or resistive oxides
or wvolatile 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 ABO;:

in which A and B are elements or combinations of



vaporization onset tenperatures (taken fromthe 15 literature or determ ned
by TGA, i.e. thernogravinetric analysis), may be nentioned: Oxides Tn( QO
. Tvap(C) ZnO 1975 =1430 Sn02 1630 =1800-1900 BaO 1918 =2000 CdO 1500 =1000

I n203 1910 =850 Mb03 795 =1155 Conpounds

-6 -
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. The following
families of elements constituting A and B may be

5 listed:
* wvalency of 1 (K, Rb, etc.) combined with an
element of valency 5 (Nb, Ta, V, etc.)
" valency of 2 (8Sr, Ba, Pb, etc.}) combined with
an element of wvalency 4 (Ti, Zxr, Hf, Sn, Ge, Ce,
10 etc.)
*» wvalency of 3 (La, ¥, 8¢, Bi, etec.),

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

15 - titanates such ag BaTiO,, SrTi0; and
Pb (Zrs3T147)0s. BaTiO; has a volume resistivity of around
10° Q.cm at room temperature;

- niobates such as PMN (Pb(Mg;/Nby/3)05);

20 Db) oxides with a columbite/trirutile structure of AB,Oq

type: in which B is Nb or Ta and A is an element of
valency 2 (Sr, Ba, Pb, etc.) or an assortment of these
elements.

To give an example, the niobate SBN (Sr,Ba)NbOs may be

25 mentioned.

- ¢) refractory and resistive oxides:
other oxides such as Tay05, Nb,Os, V.05, Zr0,, HfO,, CeO,,
Y203, Aly03, Laz0;, MgO, BeO, 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:
-  (Tay05-Nb,0s5) solid solutions;
35 - (Al203;-Y,03) compounds, for example YAG, LaAlO,
(lanthanum aluminate}, etc.;
- compounds of D,T,0, type in which D = Zr, Hf,
Ce, Ti and where T = Al, Y, La, for example lanthanum
titanate (LaTiQyx)}; and



| TO 1900 =2000 etc. etc. etc. Mention may al so be nade of the

fol | owi ng compounds 20 derived from pure oxides, namely: AZO

(al um num doped zinc oxide); MO (nolybdenum zinc oxide); GO

(gal l'i um doped zinc oxide); ATO (antinony tin oxide); and 25- FTO
(fluorine-doped tin oxide); and m xtures of these oxides, such as for
exarrple mxed tin zinc oxide. - 8 - In the context of the invention, the

term "refractory.mepats/ ol S dHRAMRPd 140 fRAELMES als ghosefe from the
fol |l ow ng |I§[ of ref:ractor netal s: tungsten,

t ant al um ni 8BFGR Ti Faf um%éﬁl‘é’dl“ﬁ’rﬂ%f nl'uﬁtiarS NRr @hiVimEth&%ag1e hodi um
and refract qryaahbops. defined in that they consist of an AB alloy in which:
A and B belong to the following |ist of elenents: Mo, W Ta, No, Ti, V, Hf,
Zr, Re, Rh and to alloys of the AMtype in which: 10 A belongs to the list:
IVb W Ta, [b, the YonMextZrof Reheanidniehbeiomgs tthe therhi stvolEril, Rh,

Pd, Pt, Cu’oégdeé” is understood to mean the family of oxides for
which the vaporization'onset temperature Tys, and the

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

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

analysig), may be mentioned:

Oxides Tim(°C) Tvap(°C)
n0 1975 =1430
Sn0, 1630 =1 800-1900
BaO 1918 =2000
CdO 1500 =1000
In,04 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:
) - AZO (aluminum-doped zinc oxide);
- MZO {molybdenum zinc oxide);
- G20 (gallium-doped zinc oxide) ;
- ATO (antimony tin oxide); and
25 - FTO (fluorine-doped tin oxide); and
mixtures of these oxides, such as for example mixed tin

zinc oxide.



For this purpose, the process according to the 15 invention for producing a
target by thermal spraying, especially by plasma spraying by means of a
~plasma torch, said target conprising at |east one conpound chosen from
refractory netals or resistive oxides or volatile oxides, is characterized
in that at |east one 20 fraction of saigd conpound in the formof a powder
conposition of said conpound is sprayed by thermal spraying, onto at |east

one surface mrﬁh@nc%ttes& tSH Oehe llﬁv@neqehroltlh%d @éd!EPSpPéffa@ﬂQr n that
powerful, optionally, cryogenic, cooling jets directed 25 onto t ar get

during its dWHdidict +8n WHELRERAd bbPedeatolinfale FBpERnateasetihe |t
will be recafdkxbwiia flldisds width arteerﬂa@rt@k?re REdalst 0 Ofuhghesn; 150C are

consi der ed efinition 3 be cryogenic fluids. The use d | asma
“spraying of ca}r&able‘ﬁrfc cdb’f%)d‘“j"ets ‘E%‘F%&’g‘é‘ﬁ‘l c IVRAd Rt s of ﬁ’i’ ‘g P
cryogeni & gasiddaguiiuh,j et shanigmyogehodigas jaatds) sl esothe éiﬁlqyal ity of
the target t%&%édf%o“c%f&t "@Hé‘f ﬁn%\“sq:t' s f‘i’i%& S ywhich

i mredi at e cooling of the sprayed zone preclu any p035|b|I|ty
of cheni cal %o#d| Babedeng ko -tlge- foﬂaéowa@,@ éﬁstequaoﬂlﬂn}erdmrpduﬂds and

resistive oxjdes, & tRe SRFaysd npt el gy powerful cleaning of the
sprayed surfakg S0 s to prOV|de excel I ent clean cohesion between the 5

particles arft? e pesdde Ahdvneedic¥Pdai nt er nal stresses, whil e

i ncreasiing thebabimis atoyitled. 1My eoMer , wt heraysenwf aipl @srra{ﬁ,orzh, and a

pl asma gas m xture make it possible to obtain strong reduction in flight
of the sprayed er particles, thus reducing the oxygen content present
in the targét bhedmparsedonittie tlhat :piCesenti ,i BRht h@dpowder CaToags Eup where Too
is the oxygen content present in the target and Top is the 15 oxygen
content present in the powder), for the refractory conpounds or the

resi stive cdi®fFountsis FupuepAsre, e ppbeesss aceordrdgngo tee iwmhention

i ncl udegst hg fhRldtQWnN g 0 AL o8ARYABT I:0NEh g &S PS t%he%(?n 18 &SRR NG, movenent
bet ween the plasma T a%dot he tgrget |§gestag | i shed . &'L%; %% surface

orc
of the tar g&sﬂ?lﬁléb’ar Y pridFMe o SRFEFIENG oRY of N3 Y &frrpéurﬂl,asma t he
surface preparah,onsabdl utesget Stempefising at least one compound

chosen from refractory metals or resistive oxides or
volatile oxides, ig characterized in that at least one
20 fraction of said compound in the form of a powder
composition of said compound is 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 cryogenic cooling

jets (cryogenic  liquid Jjets or mixed cryogenic

gas/ligquid djete or cryogenic gas Jjets) enables the

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

- immediate cooling of the sprayed zone, thereby

precluding any possibility of chemical modification, in



25 blasting it with a jet of abrasive particles (called sandbl asting) 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 filmof a keying
material (sublayer) on the surface portpon of the target in question. In

ot her enbodi nents of the invention, one or nore of the follow ng

ar r angenent s §BY caRLi 22ldof e LI} s 08 LeLEacioLyoghdeasistive
conmpound i s sgraﬁ% in a chanber that as een pur ge rlnse and then
filled with & riPgged gpateptaksure that may range from 50 nbar to 1100

mbar, so as to creat;@o@élrﬂxyg@megﬁphgt ed a;lh@serm%ry%dm ik Mhdd ; so- a0 -
all or some of the co Ilng e ve a oxi di zi .char act er;
- keying subl ay3r P&° U% her;é Eb];]ﬁi'g: deﬁ §PPed SHERHOE + RFTHFSR pr &eng of
sai d conpounpiarioicked m&wdmmélmsﬁs{md arget in question; the
target is thermally feecgyé@{ durlnng ttjﬁtgl,ragira spgtalyéQ& a polﬂ‘.d
Wder par Fes with

conposi tion of sai d spraye npri sing Po

a size di st riDexeaFing t'@wenauagmaakmmkso gm 25 gm < D50 < 100 gm and 40
gm< D50 < 200 gmis used; it includes a subsequent heat treatnent step in
a reducing atnmosphere for the purpose of reducing the oxygen cont ent

present in tREeFYet SPEetsenert her BHASIR SERYESH ngndt ép;Plarma gas

sever al 1co0npELLEutd] @&k@r $tapdsiddel Ao idhtalin Ngraig dkéd@ELMdn PERNtS 1N

t he thernald% dlf% nt nateruﬁls fgr whi ch Ega i njection araneters are
adj usted in -ﬁ%ﬂ&én? c ot R P o PPHEC KR PE T &5 é%%%tﬁﬁ Pht8%ach

i nj ector. AﬂdhhGOXﬁ@@@CbontenbepEBEentlamItﬂ&ﬂﬁﬁrgétacbﬁp@ﬁédth&thcan be
optionally Rﬁggyc an%hqipr s Oa&ggrd&pg thth%&kQ%gnflo EPlnpended

to be used in a 2 spltferin 8specfal | y°Pa ‘ragnet r¥n spu &ri ng

device, or iFK¥HBA thétenﬁcmmﬁ t dni nghﬂe\hama!:sl agda Tear get , thei d

target psedog | Yo 6RPBAE S we@,eaqnpomd ehgsendp)r ef r@:ﬁ! o ¥hg‘3: al's,
e targe

resistive oxi é%@aﬂd vol atil e OX|des 30 For thi§ purpose, t
accordi ng t FEHATHRBhIGWPOBIH G il (HAiaTdTe COMPRBFri si ng at | east
one conpound based on a conmpound chosen fromrefractory netals, resistive

metal oxi deSE‘uarqulevr%oai}é ,l € %5 Oélrggg."?,sl Sagcr:]c?'::.[gflgge“ zed lhn tg.]g\tfelll.tlggs

includes the following, more conventional, aspects:
20 - a relative movement 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
gquestion, 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 materiai {sublayer) on

the surface portion of the target in question.

In other embodiments of the invention, one or more of
the following arrangements may optionally be employed:

35 - the refractory or resistive compound i1s 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;



- a lanellar mcrostructure. In the case of refractory netals, the target
has: an oxygen content of |less than 1000 ppm preferably |ess than 600
~ppm and even nore preferably |ess than 450 ppm and an el ectri cal
resistivity less than five tines, 5 preferably three tines and nore
preferably tw ce the theoretical electr reststivity of the conmpound.
This resistivity neasurenent is carrle&'out using the Van der Pauw (ASTM

F76) rethod. the relatvenlO seiéstiyl tynieasuberigt hetpo fabeu! aved

relative to the_theoretical value at 20C of e conmpound (or the
val ue obt ai P4+ HY HeharaEretiure) (as a rem nder mol ybdenum has 5. 34

gohms.cn). a theoreii calepialgie @hbl& ekn the Ca@é%d)f ccmmundﬁe%ﬁ
e

t d t he target has une resist V|t | ower th
ot el | r oo, S50 0T, 4 R Tys D PRERbIaGT ok obotapeRErtRiy &5 act or

of 100005and:leeve$umﬁﬁcse mcﬁftarca‘bqu aitd dagderr iaf ARAGGn;In the case of

conpounds of volatil X th tqr nom nal
t hi ckness greater th%lneo?)lt%n%eﬁ f? efer ?tr)r\ t}6}@’} ea?%ul?ﬁed élurmga gh

a density griekawwe t4urRBEY; preferably greater than 90% of the noninal
density. I n preferyg eﬂoﬁﬁ@ﬁ?d'd@r{ﬁcﬁsfﬁlc}rﬁeof n¥enl é’f@d Oéoﬁgfaﬁnéo

of t hef ol | ow ngarr angenent smayoptional |y furthernore the
resistive odARFH N gPONEeTarRR tIglen oy ramsiizy eéé?téh@u'éﬁ-oi‘-he

oxides wothgtiven by 5 < Dig < 50 pm; 25 Um < Dsp < 100 um; and
40 Um < Dgo < 200 um is used;
- it includes a subsequent heat treatment step in
a reducing atmosphere for the purpose of reducing the
oxygen content presgent in the target after the thermal
15 spraying step; and
-~ Bseveral compound injectors are used for
injecting, at different points in the thermal Ijet,
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 be used in a

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

30
For this purpose, the target according to 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, is characterized in that it has:

- a lamellar microstructure.

In the case of refractory metals, the target has:



perovskite structure of fornula ABO3 in which A and B 35 are el enents or
conbi nati ons of elenents such that the sumof the val encies of the
~elenment(s) constituting A and of the valency of the el enent(s) constituting
Bis equal to 6, or chosen from oxides having a colunbite/trirutile
structure of the AB206 type in which _- 12_- Bis Nb or Ta and Ais an

el enent of valency 2, for exanple Sr, Eg'a Pb, etc., or is chosen fromthe

i st: Ta205, Nb205, 3054y %ase?on%nt Cel 2 4. 203, 1 Al 383013208 MO

BeO; 5- the reS| stive-oxi target conprises a conpoSition-cdnsisting
of a nixturePBiebmdlnalesn shapws W pEshe anshi eren emexedpsefesabilye | i st

above O conpéggeghﬁegmn tlan@ne resistive oxide; the refractory netal
formng the target.is 10 osen romtunﬂs ten,_ tantalum _niobiym titanium

vanadi um hafniunj 2% c%%‘?%’r"r’fl?ﬁ nFERESERBH Gt &P8 FBRARaLE ¥Ry CAMESys t hat

are defi med prefémdblheyheersisimed almdABncaﬂ'é oer(ﬁelicabAyanﬁmB:é)eh:h&g to the
followng Ii n Zr Rh 15 and to
al | oys of th‘gﬁ%‘ﬁ?ﬁfi&?n&% %ioAv% em Ji"rlttyhe\ﬁ tsl}é cI\%rl dl'a Nb, Ti, V,
Hf, Zr, Re and Mbelongs to the list: Co Ni, Rh, Pd, Pt, Cu, Ag, Au;

the refract Ofafléms:aglgem&ya'n%%gﬁgd& B %ﬁ@éaean%&d%éiﬁ %L%”E“t

chosen from a refractoré 20" co e oxide co
resistive oxYde c&®Foundduthe (25Hét ﬁ'&\‘il ng 0eBhed, 30%tsy V\E%ﬁtlyﬁ t he

addi ti oncel ergsisoivaddi e @lpEBit Shedid diEoOd@dd | @2%itdeef Ok ng the
as defjned above, it 25

target satisfies _fhe criterion 00

bei ng possi bl fB&e?ﬁ?Elﬁﬁ d(3f‘5‘116“3be"’Pt'esf)gc?:'aPﬁ-’1 "'%%cm?ﬁﬁjcﬁée EPHPBYRde,

bari um oxi de{oradiicumvedivee bhdatimedxi feom Middanwsretde) zi(ag oxi de
doped with no galllum tin, fluorin indi u or a

ni xed i ndi u?nlL nrp&lo%?’de }n%gggg F’aEnl 95 dR- bgggﬁ’r?glfgiget 3 r}s-’lfng a
conposi tion Fco?\%lmhmfgcm) A mxture or conbination of two or nore volatile
oxi des gatisfying the above criterion or conprising predoni nantly one

vol atil e oxide as defined above. 35 As a variant, the target may be
conposed of H'réffactary nefal ceRIWRAS r o nﬁl%@@r}mﬂ p#agesen, thant al um

ni obi um titwdhgue Nawagi uasuuh@f Hdistahig lllanexr hafdimhe hadhsigk10n the
one hand, and silican, on t her, . groportl onsccte:#at my - 13 -

range from 1ot & 0F Gef r& toF Smetdft es LGCtHM | up®¥8+:5 nol es
of refract orprefisablpera f amier obf sibdeONandrefet abbye lppefergiblyehr act ory

metal pgp 2 f'g)éteosr cgf S_ledo(bCHﬁ In this case, the |anellar

In the case of compounds of volatile oxides, the target
has:
- a nominal thickness greater than 3 mm,
25 preferably greater than 6 mm; and
- a density greater than 85%, preferably greater
than 90% of the nominal densgity.

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

perovekite 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 wvalency of the element(g) constituting B is

equal to 6, or chosen from oxides having a

columbite/trirutile structure of the AB,0s type in which



5 mcrostructure of the target is conposite and conprises refractory netal
| anel | ae juxtaposed with pure silicon lamellae. In the case in which the
~target includes an addition 10 el ement or conprises an assenbly of several
materials, the various elenents may be provided by one of the follow ng
means: use of a prealloyed pomdg%%ln whi ch each powder particle has
the desired conposition of the target possibly slightly different in

order to take LBtauacspuith am URCqUalad OSEEReRY XE! a}au'én%}t'ém Wt ng the
thermal spr %’aarllg of the use of two or ers, each

bei ng i nj ect ﬁFff%ﬁenthbha‘ﬁ%ir |ﬁrolﬁh§hq«ﬁ9nnaﬁrqr%ttla®r Lagtehe 20

thermal sprayajug, SU\BQDS,tW‘%OE Ar geb, hagra, pl @@@% 990B! I Xi,04, herd .96t has a
t ubul ar geo he target has additional I cknesses of material at
each of itsr%éis * the target conprises one or nore parts on which the

conpound5i s depos+twhe saiehmjtx(es«)oﬂzsie(-afa@e&i ttheget pkbanprisuppost thaL
can be fitte u e o rmedi at e artsthat are then
bonded onto ﬁﬁg%u%p%?t EBg%iQ?h g)éntl o{rzlné ﬁ?cl?ﬁes%%% Wat ar%uﬁg 25 to
50% of the oW nglk thPrknassietivie wohpprndrbaydrhe list alweye apget has a

density of grsatefeddar SR AIES act;{ey xq;s%agta_ v RAN 0% the

nom nal thickness (e) s between I and preferably between 6 and
14 mm - thhe t ifetadiera ﬁtﬂqa@y éprmlnsea§he99tsweandls -
the target ichsonst riedRd OEnGsS&RPOrtafBiBihal RIEMLEWNT @D@éﬁﬁhﬂ“ stics
conpati bl e W|th he ex%h edlg‘ﬁ)ropertles of a ¥r’(%xat netron tar in use

(sufficient ¥ st FEhot - YBuf f HEM ¢ heF e :L"(’:‘Pmdﬁﬂil ivity,
resi stance tmﬁnrﬂcrtasu}oralblgoymetlth esrd odefhodd nint tleat atgey donbsngtuse,

etc.), such as I ,8X C r PRL | | oy,. qr, austenitic

st ai nl ess steel£Rsu§haa;@c§'f‘gl?8€éa%plagxf<g%ﬁl §n )EO %l\fﬂfg??wﬂgz As
nonl i ni ting léempfesslementsiveliei o, nlip, bdbi | Mist rVat &t byZnt heRé pl vam ng
figuresis and to alldPuires Eﬁe hﬂ %@%b|QHaWﬁu¥! w§]%%§%%€gt%e thSduct i on

mcrostructure in cross section target obt ai
process accoriditig Mo t'he Tawdiri o'?rlr ; r, Re and M bélongs 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 veolatile oxide compound or a resistive
oxide compound, the target having 0.5 to 30% by weight
of the addition element or addition elements; and
- the volatile oxide forming the target satisfies
the criterion: Ty, < Th + 400°C ag defined above, it
25 Dbeing 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 congisting of a mixture
or combination of two or more volatile oxides
satisfying the above criterion oxr comprising
predominantly one volatile oxide as defined above.

35 As a wvariant, 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

siliéon, on the other, in molar proportions that may



figures |d and | e are views illustrating the m crostructure in cross
section of a tungsten target 15 obtained by the production process
~according to the invention; figure 2isaview|lustratingthe mcrostructure
in cross section of a bariumtitanate (resistive oxide) target
obt ai ned by the production 20 process gccording to the invention; and
figure 3isaview | lustratingthe mcrostructure in cross section of a m xed

al um num zi ng;.9¥d derbpohathdfe Oélﬁfd@eftzaarcgz%tr}pt?ﬁé’\iaﬁf’dpgi‘ thmplr@éduski on
process according to the invention. 25 O her features and advant ages of the
i nvention wi T &P pPa? SAPleTePit hefeanteey onretal Por| dunage of

description.sB30i dBTA bEREPESSR,PT Chb0E BE +MENTEEN, Thetsuppat on which
the target is onstrg;ted.ga¥ e nggﬁpof copper, a copper ailo% st ai nl ess -
steel or any"®tHer &M oy®3uitSBry atthfe mfé%ethqu¥%du PREH1BF 35
magnet r oA t aneEtestiucthe: prieseiv taveeti da, cowppal técahdr coafuiisepent
associ ated w 0, d ' ) I nwent. | equi L t hat

ol ates to THE SRR ERR (TSRELISH SRR AT AL b S8R S
relating to kaemeta®n targets, in terns of - 15 - geonetry, nechani cal

strength and chem-cal inertness with respect to the cooling water. Surface

preparation of the supportf 5 After having been.de%reased, t he surface of
the support 1% pREp&PEE biP bFRAEEndhe WRrseh fBclufegprarsi 9dd4EaPRs. These

grains mey heldaientardpusokbhilSesCanurtyanifiysesk Woeteral LithBarignai ns,
br own corunq:%rg ggrgqusé‘im elements may be provided by one of the
following means :
- uge of a prealloyed powder in which each powder
particle has the desired composition of the target,
15 pessibly 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 powdersg, 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
thisg support;
30 -  the additional thicknegses are around 25 to 50%
of the nominal thickness of the compound layer;
- the target has a density of greater than 85%,
preferably greater than 90%;
- the nominal thickness (e) is 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



10 alum na-zirconi a abrasive grains, abrasive grains produced from

f use-cast slag particles (of the Vasilgrit type), alnmandine garnet grains
_or else angular steel or cast iron shot (this |list not being exhaustive).
15 Preferably, the follow ng abrasives are used: corundum (fused white

al um na), and alum na-zirconia (for exafgle AZ24 from Sai nt - Gobai n Coati ng
Solutions) (this material is preferred Tor its high toughness that 20
imts fract jebAgnebal hesdrdidin an%u%a%%&&%nt&%emgl' RAdR] AL o1 A N
fractions in the surface - i nclusions are eterious to sion of
the coating) Yethetaperade® dFarEPeionf bhethdr ¥a3keE ol ngopsipgeftdrabl y

between 180 aadg800dgmingensadi BacOn,t BRcAS akby B rOfxahias @) pE1e dur pose
of  this operation is t 1(gﬁlve t he surfagce, roughpess capabl suring

correct adhe8i §7PBFL Ve ShIayRreRttht Fhairbast; E‘éﬁi nﬁflé’ & of t he
target. I Afcal eramplevE2@eNhDE- L0081 ReSrNiMaBThin+ g striations that wll
al so all ow good adhesi on of the sublayer and then of the functional filmor
the constituent material of the target. 35 Production of a tie sublayer by
t her mal spraffng Menbpriting t mxampdissni cathadhesnvenbionhe magnct ikenal

layer of the;jigngetat@ath @HQ'%fi?Mgbﬁ%ﬁPgémed by

t her mal sprayi ng. Thi sgper ati onnma conventional thermal
spraying processes tBk@Wres ohft hé-k? oFllﬂévvl HY: easHACHBWRROWIRAY it

el ectri q-0ar cmi\e£6sSPRYIRAG, OXY- Q:@s%sfsj arBe &Gy nge (Wahe 1% PR et

dependi ng on tge eq%l 23 H} s]$ usi ng the HVOF 5 h-vel o ty
oxy-fuel) proREdsiednPYyefbiiatPER ‘éﬁ 1‘§’E)r£%°r?§sﬁro€8§§r hBTt HeP c e spr ay
process usi ngnwenopdnpnal |y preheat ed gas i nto which powder is injected.

Thi's operation may bg. @réé ﬁgﬁio%ﬂd ny &frrblﬁ%ggl ::]h ué@OUt’ol%’ﬁhltﬁr rrpal ring

the invention. 10 The 1e’s ayer na eria Sen §
conventi onal mmr@&stvamgtm@dl@onﬂmw @@@;@hay@fsa tiegetenr trirged - based

al | oys i Al I ke C or
FelnG 18 st oat 5 D NTa. b BB PSR L Y s e

etc. coppe+nY5‘1"n"cb‘|bTber aIons such as CuAl, CuAl Fe, CuZn, etc.

mol ybdenum or ol ybdenymal 3 0yS:i shoOla et iet0 Thel phoveat sy S o
exhaustive, the choice of sub mat eri al _possi bly de endln on t he
mator ol of THEESTEBET e A n REGHF ( HECEIPR) 0 Ba PHREMT EAET S he

avail ability(oésisties nmtield)al tiargett tabtalﬁedn)by 25 Heor @abldﬁm:tdfori he
functi opgl ﬁ’k‘%ggstg‘]‘%ﬂﬂ% @&C&Eé"i}%r& tgﬁa i v&nti on, preferably by

pl asma spra .
- figure 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 following

description.

30 DETAILED DESCRIPTION OF THE INVENTION

The support on which the target is 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 regquirement associated with the process
described in the invention is required that relates to
the support such that it has to meet the wusual

requirements relating to magnetron targets, in terms of



30 The functional filmof the target is fornmed by thernmal spraying,
preferably by plasma spraying, under the follow ng particular conditions
~for 1 and 2: pl asma spraying carried out in a chanber having a
controll ed atnosphere, that is to say for exanple one 35 in which the
oxygen and nitrogen content is low, th 5at“rmsphere consi sting predom nantly
of inert gas, and the pressure in the chanber being between 50 nbar and
1100 nbar; eéﬂEtryplﬁé@%a%ﬂ%%i'nQEFéhgghathPer rc%gla§h¥gkﬁeggducrng
plasma gas mixture,” naking it possi | ower the anount of oxygen
initially présghiresPadte tsQJrf?rl’ﬁ:eZQﬂ‘ ek Wsovader particles upon nelting them
and 5 during their flight onto the substrate, this being the case for
exanpl e whe e £0 pound |s a refre material or when the conpound is
a resistive BxHe -y powerful |iquid or gaseous
cryogeni 8 jets of an |nert qurd (in the case 10 of refractory metal s or
resistive o4 e di zji ng. fl i he case. 9
vol atil e oxi d&e%sg l?%vﬁ{%%eéorgréé)g%s ér((Jii’bu‘%}e(?j Eé‘%%%érllg %E orc‘rs"lupp ative
novenent s beitswedrepered ahd tlakagtingl [idwi wgtposer bJIeé: vearfi aabmsmfret he

thi cknesses g{xocrﬁed lﬁa@é‘eté‘faiﬁég% e%pﬁ aéalxy 19@@1 &Brﬁrgaeas at the
ends of the arget formn I'S” conmon erre to as a bone"
target; (fuseq,swhdfeo Wlfrﬂ))regﬁé\?oﬂ@rr Hrar@erorc@ruarduaw agaraersr er

di stri bubi o lafmitrde- Piovsieiian t BbRakheepl aﬁf@lr?@ j eabraRdve grainkt being

bl own-ar o pIRRHHRGRS cniron © tise-Tast *p13g [ ETYRY cobl odtRE pl asma
torch. 25 Thaspidwisrt us@béb, pr atiuardihe tgragﬁ'etha@rtarims‘ oldmW agyseypi cal
characteristj e rt ri I on at.;

%ﬁlucal‘rxd %ﬁ?ggo A?Oféaf%‘l %ré hsott Sgiyﬁ & li oh: bhein

Dn%)(draneter e par AT e sna in €FZ&7t han
t hi s di aret @xhausdtiseggn 5 and 50 gm D50@6(ned|an draneter) bet ween 25
and 100, gm and D50% (di ameter such that 90% of the particles

35are smaller in size than this_diameter): between 40 and 200 gm
purity accordisfgidlvhe i i £91bVERTI ¢oFaFbVeEh@TCartRRd: pEeFardnny
greater than Q%<& ®Rdte- Bumina), 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 um, depending on the
25 type of abrasive. The purpose of this operation is to
glve the surface roughnegs capable of 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 functiocnal 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. Thig operation may employ



- oxygencontent: < 1500 ppm preferably < 1000 ppm or even < 500 ppmin the
case of refractory netals. 5 The process according to the invention makes
it possible to obtain a target quality superior to that conventionally
obtai ned by spraying and having a |anellar mcrostructure: the reader may
refer to figures la, Ib and Ic in the cgse of nolybdenum to 10 figures Id
and e in the case of tungsten; to figure 2 in the case of resistive oxide;
and to figuremdrddridhesra yolLat XEQ%@ t G QA r actory
netal target Vi ng an ox?@%ﬁ&%%n%g%?&g%@l €ss te%%(r%s%gco ppm %%CEFE, '
wi thout a su@gﬂﬂﬂg‘sté’&a@‘ﬂ‘@h BSVEeY5 FRFM IGmeCdeGtE IFeaECt r ¥akRentin a
reduci ng at nespheiey, Thexiaghs of flaheUsigiagrisgbseguad heat pbgaktrent step
has t he advantage,of enplqylng any_ t of mater.ial for 20 the support
(tube for a %%f%:‘rngf aPget™= bt PPI&[YLPE%B‘S&H A hal 8¢ g ,HVﬁ% udi ng
suppor t s5havihmglavedgpaitss opxyedikilei eprotaskedlbheali Beeoaat ibhongtithat of
the constit ri t t (refr y | _or_ r.esistive

oxi de), sucﬁ%ﬁ@g{geh?{)fgggt %?lrﬁ 2%%82 &?ee%%%?gﬁg%ﬁl dle[)lglgpr 83cri bed
in the case @¥tipnalblse prahediedd gaeatpent wiibeh rpdudéngis htndegged. cont ent .
O course, ar{igt opeeat IBAL naRY 14 S8aRe1ear dhid Yt cnds 3 ihiOPLign, SO as
to further redyce the oxygen Content in the target thus produced. Pl anar
target case:"* ‘?HétﬁFéééﬁPQHﬁhﬂﬁiQﬂ?lﬁﬂ&ﬁ?qlpnpossibIe to produce pl anar
targetsiaccording to the follow ng procedure: - planar target support,

sui tabl e for,bei fitt into the magnetron for use, - 19 - if the
target supportc hasS & Iagfrshgﬁgegﬁgﬂhaglaﬁ’o 58 rSg%FBd gﬁ"@r ERe target
has been usemhnerd tcanagjematetrdkilal usidd cuninced f esmetbdiayeetl:y on t he
target support but o] e, 0 € | a te cald. "tiples")
which will be bonded cg}r?\{ég‘ t%gngfjlpcp%% %é@éjd gﬁ%ﬁ%gt'a?\éjg‘#’rm ér?'%al éff or
exanpl e baséd Giflvol igeienon) farrpube afldowed FeCRd s Restrd @r BeMofe
tile(s)160l lpuidng t he yamRinpacedune asxabeyeioandi e bonding: of the
tile(s) may be carried out, 10 before formation of the target materral (if
the support ST 9HYP ¥ani®¢&- istrength) or after formation of the

target naterial on tdged exr i Goppercaseoiys, Waueh He GUDPOrtuAPFa0t strong

enough. In the latter case, the dinensions of the tiles will be determ ned
so as to 15 M N'ni z€ ‘the risk of them bei ng distorted during the operation

of form ng the targeolybdenual oy molladdenspr ajilpgs: MoCu, etc.

20
The above 1ligt i1is 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 £ilm of the target

according to the invention, preferably by plasma

spraying

30 The functional 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 one

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



| MPLEMENTATI ON EXAMPLE 20 This inplenmentation exanple 1 (figures la, Ib and

Ic) relates to a tubular target based on a refractory netal, especially

~ based on nol ybdenum intended to be used in nmagnetron sputtering with a
rotating cathode. 25 The foll ow ng process was carried out: support tube

made of austenitic stainless steel such.as, for exanple, X2CrN 18-9 or

X2Cr N MD17-12- 2; surface preparation of the support tube by AZ grit

24 al umi na-zirconia gPi&asd VepadStiN0us 3Ry RIPAYRELEN & R KeYiAY
subl ayer by twin-arc wre spraying, .carried out in air, the keying sublayer

havi ng an N 238589 niRladmes A8 UG SeonPesiRg ortt | PasFdbd@anpice

gescri bed, ]'Ei'@ﬁéhi (tllhlée3§m&fmt h@ﬂewii;{p?eﬁubilmh ia ¥g6 grggahFalorZOQh@m 35-
ormation of _t no num active filmon the target. hy sma sprayi ng
under the fo??%%%% %gn%htel (ﬁ%“.'&e:'? Eﬁr-@lc ?ESHQOPO(P{@H’TPér a]?‘?'fb Bglrdticul ar
pl asma j &t véhoing ytbaaraciéghst ionscanthe onsesgfueitd y sipiayedipgr thel e
characteri stji g ed.n a creation i t

at nosphere ié#% e.ﬁcﬂ%;nggec?{,abigr%&%nmlé{l%n%%&%?ﬁg gﬁ% t eﬁ% F%?Fﬁg}?’ use of
cryogeni ¢ cotRiemigbter ditattd ormmpeurd tie gettesirdseshaivigledi stri but ed
around the torch,. 10g:d hgrpwlen dis eflof 0b1BLHHC iR e¥e: 1t & Ogh i §ag 2

nmol ybdenum powder having the fqll owm ng characteristics:
aggl oner at eFIRTRETF BT HBEGBUEnIRESorferan panerE| £14ide (3o theocgsrls

99. 95% pori tof Wdfraddtdgr tinebhds 26r pradfsthe«angxb88sppref oIxyaan and
pIasnasprayhﬂg¥4éhgﬁgf%&h %Eq%g fluid (in the case of wvolatile
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, forxrming 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 Dyps (diameter such that 10% of the particles
30 are smaller in gize thén this diameter): between 5
and 50 Um,
O Dspy (median diameter): between 25 and 100 im
and
O Dgos (diameter such that 90% of the particles
35 are smaller in size than this diameter): between
40 and 200 Mum;
- purity according to the purity objectives for
the target, preferably greater than 99.5%; and



paraneters: a plasma torch with the follow ng 20paraneters was used to
produce the target of the exanple: Paranmeters Ar flow rate (slpn) 112 flow
rate (slpm) Arc current (A) Spraying distance (mr) Powder flow rate (g/ mn)
" Val ues used 50 15 600 160 160 surface finishing by polishing or machining
so as to obtain a roughness such that_Rmx < 15 gm

-  oxyden 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, 1b and 1l¢ 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
cage of wvolatile 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 sgtainless
25 sgteels, which would be proscribed in the case of a
subsequent heat treatment for reducing the oxygen

content.
Of course, a heat 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;



As indi cated above, thanks to the specific process according to the present
i nvention, the oxygen content in the target obtained was 450 ppm |ess than
the 600 ppmcontent initially present in the powder. Additional results
“according to this protocol for producing a nol ybdenumtarget with different
powder conpositions, in conparison wt hlga\ result without a - 21 -
cryogenic jet according to the invention, are given in the table bel ow

Trial reference Pr ocggst%ygﬁqﬁggntggegéﬂltHgspg\/\q:ecgmﬂ\iié}{ Qgﬁg?]gogtﬂ%‘nt in
t he powder Qxygen content in the tar i t rogen content in the target A
Accor di ng t Rafetpnbeniesycled after the target has been used, the -
target material will not be formed directly on the
target support but on one or more intermediate plates
5 (called "tiles") which will be bonded ontc the support;

- the target material (for example based on
molybdenum) will be formed on the support or on the
tile(s) following the =same procedure as above; and

- the bonding of the tile(s) may be carried out

10 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 encugh. In the latter case,
the dimensions of the tiles will be determined so as to

15 minimize the risk of them being distorted during the
operation of forming the target material by plasma

gpraying.

IMPLEMENTATION EXAMPLE

20
This implementation example 1 (figures la, 1b and 1c)
relateg to a tubular target based on a refractory
metal, especially based on molybdenum, intended to be
used in magnetron sputtering with a rotating cathode.
25 The following procesgs was carried out:
- support tube made of austenitic stainless steel
such as, for example, X2CrNil8-9 or X2CrNiMol7-12-2;
- surface preparation of the support tube by AZ
grit 24 alumina-zirconia abrasgive blasting; 7
30 - 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;
35 - formation of the molybdenum active film on the
target by plasma spraying under the following

conditions:



657 18 340 20 B According to the invention 657 18 240 20 C According to the
i nvention 922 26 340 23 D According to the invention 526 29 360 18

- 20 -

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

-0 target placed in a chamber,
the
chamber, for example by pumping and then filling,

5 o creation of an 1inert atmosphere in

0 use of cryogenic cooling jets directed onto
the target, these being distributed around the
torch,
10 o the powder used for producing the target was
a molybdenum powder having the following
characteristics:
m agglomerated-sintered molybdenum powder

- m particle size ds = 80 pm

15 B 99.95% purity, with in particular 20 ppm
of Fe and 600 ppm of oxygen and
o plasma spraying with the following
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 Spraying Povwder
Parameters rate (slpm) | rate (stpm) (A) distance flow rate
(mm) (g/min)
Values 50 15 600 160 160
used

25

30

o surface finishing by polishing or machining

80 as to obtain a roughness such that Rp.x < 15 um.

thanks to the
according to the present invention, the oxygen content
than the
600 ppm content initially present in the powder.

As indicated above, specific process

in the target obtained was 450 ppm, 1less

Additional results this for

producing a molybdenum target with different powder

according to protocol

compositions, in comparison with a result without a




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 83 As the above results show, the
pl asma spraying process 5 with cryogenic cooling jets distributed around

" the plasma torch nmakes it possible to 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
I's not possidigddh i afii cscéeramgd Ehe OGRS LOEAT NiNY %&&{t;hn armount
of oxygen. The process according to the invention is ‘thus particularly
advantageou$ table below:

Trial Oxygen Nitrogen. Oxygen Nitrogen
Process content in content in content in content in
reference
the powder | the powder the target the target
A Accordingto | 45, 18 340 20
the invention
B Accordingto | 45 18 240 20
the invention
C Accordingto | - g, 26 340 23
the invention
D Accordingfo | - 56 29 360 18
the invention
B Accordingto | 5o¢ 29 360 19
the invention '
P Accordingto | 4 31 580 30
the invention
G No cooling 560 29 960 83
jets

As the above results show, the plasma spraying process
5 with cryogenic cooling jets distributed around the
plasma torch makes it possible to reduce the oxygen
content in the target compared 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 ©possible in practice to avoid the powder
containing a certain amount of oxygen. The process
according to the invention is thus particularly

advantageous.

15 TImplementation example 2 of a target based on a
refractory compound is given below. Hexe, this is

tungsten (refer to figures 1d and 1le).

The implementation example relates to a planar tungsten

20 target intended to be used in DC magnetron sputtering.



15 I npl ementation exanple 2 of a target based on a refractory conpound is
given below. Here, this is tungsten (refer to figures Id and le). - 22 -

~ The follow ng process was carried out: construction of the target on
an internedi ate copper support plate intended subsequently to be brazed
onto the target support; 5- surface preparation of the support plate by AZ
grit 36 alum na-zirconia abrasive bl asting; production of the keying
subl ayer by Bl aSB SOLAY k- Seds AL A0 ld oy, the sublayer having a
t hi ckness of 150 gm 10-7 formation_of the tungsten active film_on the
target by plasma spreSRHHgrIFian t A 319 oW FgeeoRdi tandntermediate pl asma
torch inpartadigpeparduspdt Pl asaed heéndeh osibye§hah 8T eEb Shé CBraRdd
consequently rayed l1bparticle characteristics, target placed in a
chanber, pﬁf’é‘f%%%/c‘ YoV RRP 5 vacuum of 5.10-2 kPa) fol | owed by
filling 6f the chanbmrrfidden prgoardiupoh oof ahe) ssppas-tt plateaiyy anzi nert

at nosphere ; f_arg 1.t.h oxyge t.ial] pressure < 10-2 kPa)
in the chant??gélﬁgrgugge o“%cnraso%ceyrho\ghcaooé} | nag }(’%ts%l(%%;téc ed onto the target,

t hese being di st ri bmretiuntoian e tbechkepbegt malpawter byedplasmpr oduci ng

the target V%ﬁ: YOS £ NPOMERT hayd Nos Nef o1 bPW Ple CHREBSLEL | BhLE5g aParticle
size d50 = 2 ,g%;lqgg. 95% pur i ty?yS)(;g EI asmalp'sprayi ng gﬁ*ri ed outgvm'ath t he
fol | owi ng pdiarfdtess of 130 dyspm torch with the fol | owi ng paraneters was

used toiproduce the frn@giicf bhe yamplifgsPahanRitdh® film on the

target by plasma spraying under the following
conditions:

o plasma torch imparting particular plasma jet
velocity characteristics and consequently sprayed

15 particle characteristics,
"o target placed in a chamber,

o pumping cycle (down to a vacuum of 5-107% kPa)
followed by filling of the chamber with argon (up
to 1 atm)

20 (composed of argon with an oxygen partial pressure
< 10" kPa) in the chamber,

0 use of cryogenic cooling jets directed onto

g0 as to obtain an inert atmosphere

the target, these being distributed around the
torch,

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

m particle size dsp = 25 um
m 99.95% purity,

30 o plasma gspraying 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 | Arc current S]j:araying Powder
Parameters | .y, (slpm) | rate (stpm) (A) distance flow rate
(mm) (g/min)

Values 60 14 550 130 120




Ar flowrate (slpm) H2 flowrate (slpm Arc current (A) Spraying distance

(m) Powder flow rate (g/nmin) 120 Values 60 14 550 130 - 23 - used

surface finishing by polishing or

such that Rm < 15 gm 5 The target obtained had the follow ng other
noteworthy characteristics: density = 88%.

10

15

20

25

30

machi ning so as to obtain a roughness

used -

o surface finishing by polishing or machining

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

The target 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
Volume resistivity at 20°C measured on the 9.5 uQ.cm
target by the ASTM F76 (Van der Pauw) method

Example 3: Implementation example of a magnetron target

made of a resgistive oxide (refer to figure 2)

This implementation example relates to a planar target
made of barium titanate BaTiO;., intended to be used in

DC magnetron sputtering.

The following process was carried out:

- construction of the target on an intermediate
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
spraying of a CuAl (90/10) alloy, the sublayer having a
thickness of 150 um;

- formation of the BaTiO;.; active film on the
target by plasma spraying underx the following
conditions:

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

o target placed in a chamber,

(0]



electrical resistivity such that: Theoretical volune resistivity of
tungsten at 20C 5.5 pc2.cm Vol une resistivity at 20C measured on the target
by the ASTM F76 (Van der Pauw) nethod 9.55 pS2.cm 10 Exanple 3:

| mpl enent ati on exanpl e of a magnetron target nade of a resistive oxide
(refer to figure 2) Thi s inplenmentgtion exanple relates to a planar
target 15 nmade of bari umtltanate BaTi intended to be used in DC

magnet ron sputt eri ng % no p&&&@'séovgsgggﬁﬁlinegfogtlo

construction of the targ t on_an |nt er medi af e copper support pfiate

i nt ended subsequefrﬂ:'i:lf"“t@lf1 peY bEakeineneé the tBragders apgdt targon (upsurf ace

preparation of the suppgEh) plsat eaBy A7 abichidb &hUNRAIZi 4€085hakeasi ve

bl asti ng; nf)roducﬁ%é)n of the, fﬁ‘éyl ng subl ayer bi gl asma 25 spraying
of a QuAl (90/10)SHURRPST 1R ARFR ot oXVgeR (RAESLa b BrSBs e

formati oA of the Bal~ chahcimvtﬂléld:marﬁmef he target by plasnma spraying
under the follow ng ¢ itlen | asma forch.i ar in tlclar

pl asma jet velocity c(k?i{ag%ac grl%s %%%ng'nd %%%% r(lﬂueHF s&praeszé:(?%{)a?? Qe
characteristics, the atgagepl, actbesa do&imrbdxstrlmw pupphdg thel e (down
to a vacuum of 59&@1 kPa) followed by filling of the chanber with argon
(up to 1 atm) so as to_obtain an inert at nrosphere (conposed of argon with
an oxygen partial pleddifr PBEan-Ysepafornprreushaghéile krRIYT ¥aFogeni c

cool i ngipets di r@ct edb@ﬁmmt he tidzgRite t hesgvbegnNgy dindd ri bpbethaiaynd the
torch, powder used for produci ng the target was

10abari untit anat ar? S

| agglomerated—sintered powder

m particle gize dsp = 70 Um
m 99.5% purity, (SrO0 impurity excluded)
15 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 | Arc current Sl.Jl‘aying Powder
Parameters | ate (slpm) | rate (slpm) (A) distance flow 1jate
(mm) (g/min)
Values 35 15 500 120 s
used

20
© 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 BaTiOs 10° Q.cm
Volume resistivity measured on the target at _
y g 4.5kQ.cm
20°C
The process according to the invention makes it

possible for the resistivity of the material of the



characteristics: agglonerated-sintered powder particle size d50 = 70 gm
99.5% purity, (SrO inpurity excluded) 150 plasma spraying carried out with
~the follow ng paraneters: a plasma torch with the follow ng paraneters
was used to produce the target of the exanple: Paraneters Ar flow rate
(slpm H2 flowrate (slpm Arc current &(5A)_ Sprayi ng di stance (mm) Powder
flowrate (g/mn) Values used 35 15 500 120

target to be very greatly reduced by creating oxygen

vacancies,

Therefore, the target according to the example can be
5 wused in DC magnetron mode and makes it possible to
produce stoichiometric BaTiO; films by using a moderate
partial presgsure in magnetron mede (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 wused in rotary cathode magnetron
sputtering. The following process was carried out:

- support tube made of austenitic stainless steel
such as, for example, X2CrNilg8-9 or X2CrNiMol7-12-2;

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,

0 target placed in a chamber,

o use of cooling jets,

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

s particle size ds = 50 Um

m 99.9% purity,



35 20 o surface finishing by polishing or machining so as to obtain a
roughness such that R -max < 15 Essential and advant ageous
~characteristic of the target 25 thus produced: Theoretical vol une
resistivity of BaTi O3 109 n.cm Vol une resistivity neasured on the target at
20C 4.5 kacm - 25 - target to be very eatly reduced by creating oxygen
vacanci es. Therefore, the target according to the exanple can be 5 used in
DC magnetron node a ﬂﬁggﬁ%it éﬁygy- t e i chj tri aTi O3
filnsgby using a nnggrale parti al pf@ggurgmﬁﬁg%ggne?&%n ngggﬁ(no%hgroducing
the same drawbacklPBCTHNY drfanat $gnet ron sputtering with a high parti al
prefsure, for exaanF pD?ahyspggg?gs lfbﬁ@@?omﬁggg.fgﬁ@np:g?i%owingd
I enment ati on exanpl e of a magnetron rget nmade of a volatile oxide
(me)f er to figure 3) PHFMHHFES nﬁﬁgrrelfﬁ%f’?i gﬂ é?é%ﬁfﬁﬁe r Ehst 249 % dbul ar
target iBAtended to bzhaissdnpileotary cat hode magnetron.sputtering. The

follow ng drocess wag carriedjout: support tube e of apustenific
stai nl ess dteel suotflass, |f oH, 8renp| érc X@eki] 1 P&“Hﬁ£x2c&ﬂ¥ﬁﬁ&7-12-2

20- surfacq Parepaicrst g ube AZ olistn@4 pl flowmatezi|r coni a
abr asi ve bljasti ng; QBw?ﬁgﬁgcugﬁﬁgﬁh@f theuﬁgyirg %ﬁgbgyergﬁgﬂhisna
sprayi ng, qarriedouf T art; jthekeyrng—subtayerr—havtg—an %
ni ckel / 20%|al Y#usam) | compesi tijon. 15 700 70-110 45

used

o gsurface finishing by polishing or machining

8o ag to obtain a roughness such that Rpsx < 15 Um,

10 The process according to the invention makes it
possible to produce a monolithic crack-free AZO target
with a thickness of 6 mm and with no ijoins between
gegments.

The target obtained had a density of 92% (5.15 g/cm®

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

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 sintering (and/or hot-
forming) 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 compensate for the extensive localized erosion in
the zones corresponding to the bending, with a small
radius of curvature, 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



25 In the exanpl e described, the thickness of the keying sublayer was a
nom nal 150 gm formation of the AZO (2% Al 203-ZnO) active filmon the

. target by plasma spraying under the follow ng conditions: 300 plasma torch
inmparting particular plasma jet velocity characteristics and consequently
sprayed particle characteristics, targgt placed in a chanber, use of
cooling jets, 350 the powder used for producing the target was

anAZOpowder heyiget heghhew ngsgharacter babé %élymﬁaﬁlﬁaéééefﬁ@sf 50 gm
99.9%purityél - %? - do | asma sprayg@g carried out with the tollow ng
par amet ers; 2¥e obtainedy t oFth URIHRTIRE Y oPFORLAS  pafdRBPer & was
used to prodelcerddiestisight ollimeheiexanmplfe: thay anmissrfie f 1 ow rahe (sl pm
Mo flow rate,(StR 4¥ Gkt SPhe (Ml15PL2Y B8p9L5E20% el es by no

5 more than + 2% (for example on a substrate of 3.20 m

width). This measurement is carried out using an
apparatus of the "Nagy" type by contactless

measurement ;
o wide material thickness range on the target
10 between 1 and 25 mm: the thickness of the target may be
chogen according to the desired lifetime thereof (this
thickness being in fact determined by the expected
duration of production without stopping the line);
© 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 kiW/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 - 0 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 according to the
invention, the advantages are the following:
- possgibility 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 of the
i5 compound;
- possibility of producing large monolithic
cylindrical targets;
- possibility of producing targets with local
extra thickness at the ends (“dog-bone” targets); and



Powder flow rate (g/mn) Values used 45 15 700 70-110 45 o surface

finishing by polishing or machining so as to obtain a roughness such that

. Rmax < 15 gm 10 The process according to the invention makes it possible

to produce a nonolithic crack-free AZOtarget with a thickness of 6 nmand

Wi th no joins between segnents. _The target obtained had a density of
92% (5.15 g/cnB 15 for a theoretical AZO density of 5.57 g/cnB). PROPERTIES

AND ADVANTAGES CF THEdSMRNEH Bonding The UR0I%k3pA6£0" 4B Loy dihiengr esent

i nvention hav 2%5_20 follo properties and advantages: o better
t|||zat|cn1qé;§ ?ﬁquﬁ¥méﬁ%§¥%ﬂﬁﬂéﬁﬁjl n tubul ar targets obtained by

pl asma spraylng conpared with those obtalned by the sintering (and/ or hot -
form.n r u cess rding to the rese
|nvent?énpof ers %hggggséﬁbﬁpﬁtg F 856 %%ﬁ?%iﬂhqq %%ngég at the
ends of Phe inwrepdtionso the g e idet édldlowulmg aﬂvanﬂagesl ocal i zed erosion
in the zones correspopdng it ogaqubeﬂgggg% WAL FiHTHize5REHS Ofne

curvature, of the magnetic f create
process 1s viable for this type of composition; and

- the internal stresses in the targets produced

by the process in 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 planar targets
produced using the present invention, and in contrast
with targets comprising agsembled segments, the
following risks are considerably reduced:

o risk of appearance of arcing, which generates

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

o rigk of sputtering braze material or target

25 support material via the gaps between segments; and

o risk of thermal or mechanical failure of the

bonding (braze or conductive cement) to the support.



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 -
27 - target, filns, especially pure-nol ybdenumbased filns, are obtai ned
whose Ro uniformty profile, along a ¢ acteristic dinmension of the
substrate at the surface of which the fiTm was deposited, deviates by no 5
more than + 2% (for exanple on a subséggfyps of 3.20 mwi dth). This
measurenent is carried out using an apparatus of the "Nagy" type by
contactl ess neasurenent; o wi de material thickness range on the target 10

between 1 and. 25 mnpfda@eééll CK@ESSpﬁéthQnéarQet tHRYeBe BPOSERRaEArding to
the desired lifetine thereof éthl S Tlhl neSf bei n% n fact determ ned by
the expected dur at¥ow 6t9pr GEREERBH LV PLaBBY PR 2 HES) iBie) Megtsh t he
case of tubul ar tef g@tlslasmal sopoksi bhézdlﬁai:gebl esmphesinggat LeaA€ node or
DC node wth po ev xce 30 ka(ln se i n depasition
rate), without }[/\ﬁée ér| s% on({:lFlgckl‘%gos(o%‘ﬁ gofnhe ]fehf aqma’r adi“gﬁf"iﬁet ween
the support tube %&Ristee ar gepxidest he ram;k of wrkereiheel ti ngxidee,200 _
because the mat erdlrddieknees Iih T educedd 01blier AUUNtESII ] Y fgecessary

for the user, it is, possible tolimt the voltage needed to SUst ain t he
hi gh- power di scha? aﬁ@“@%‘ﬁ%dnéﬁetpﬁl oy gft 2 oppudedl eowreRiEdPveNt

magnet r @0 pover ssippkaed. cdmpduhd hes Capeapkdr ey Slilhé/ﬁne?l?(' derhanagts
according to the | vent 028 t he advant ages are the foll

0
possibility of prgtfti® PEN CH%r §REE2ERr POEEAPRI 0 &?sFPF@thl n filns
by nonreactive naignear @lmn:t&odmetdt eatmt:gsplﬁemu andg :Ltnhethwlf pbwarfader at e

oxygen partial py re%{'{agu(el ¢ \Vlgég{jggl S C(; mrggt;tlgé%e%glr%%t alocﬂed Q}Q the the

i nvention have a 0 the 1
possibility cyli dﬁrgﬁr gaastng pbs @pnsst:yuctl@s and dlstrebuebb"lent

bondi ng150 the SuRRARI tHRe phiddha)@ STl ablee igler medi at e phase.

2. The production 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 ag claimed in 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 in 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 claim 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 claims, characterized in that a



In the case of volatile-oxide targets according to the 5 invention, these
of fer the foll ow ng advant ages: material yield | osses are m nim zed
~and the process is viable for this type of conposition; and t he
internal stresses in the targets produced by the process in question are
reduced, without it 10 being necessary ¢ increase the porosity. This makes
it possible to construct targets having greater thicknesses than in the

prior art by pl as;czﬁsgayémew@f SXAMI s MPH;R th%i gsed%oé@)ed 15 1n
g oducéd

the case of nonolithic tubuylar or plapar targets_pr using the present
i nvention, and i ¢ aSPIgl PR sl%oﬁbrarglﬁﬁgmseﬁﬁmeéd QYegift s, the

followi ng risks anertofsipgereddy ¢ dieedarddtskrpfqupgamance of arcing,
whi ch generates 20 parasitic particles, and the risk of fragnments of the
target material being separated fromits support, which is known to be a
source of coft ami'Te | prodfichbbypbdemoedd | a8; claimed in kngk die spftt eri ng
braze material or r ; p At erjal . _vi . a tweep,segnments;
and risk oft%tﬁeg%lféoﬁrl %%gc‘gggﬁ%rg%f fde]ﬁ%lr&\rélé:%gy}%hdg g%ng:ﬁ"r?é: ( sze or
conductive cenentbaxget hdssupperrally aegulgtadvsduringprideesplasma
produci ng a targedpka fier mal spraying, especially by plasma spraying by
means 5 of a plasma torch, said target conprising at | east one conpound
chosen fromrefractory netals, resistive oxides and vol atil e oxi des,

char act @oi zer. i n THeat pabdheasbnoRrddeins | 88 eflasdied companpd dre t e form of

a powder conpositijon 10 of said canpound i s sprayed by ther sprayi ng,
onto at | east onethseurfpa'fceeceﬁglﬂq oﬁﬂ%mﬁ‘le tciaﬁéf:,% it 2§ %c oty gﬂ‘@ﬁ afmospher e
and in that powerdfaWderpt compbkytippogeni c, sabddl i rEpyatesl di cempedndnt o t he
target during it tr.ycti o i stribut 5ar t he, pl agspm _torch
e e L

are used. 2. The pr ] _ armed in claimi, Ctharacf&rized in
that the conpoun@®issBRURIaRN i n a ghudber t h&Y has b2en Rwir geBOoHm;i nsed

and thems20 filles Wi iDIEre D66, Rl kb €SB Gy thab,,Myspangg frgm S0
nbar to 1100 nbar, \sﬂo as to creat euan oxygen-delgTete "at r_msph@?e ngt hinit.
3. The producti oM85%cess as clained in either of 25clains 1 or 2,
characterized in that the thermal spraying is carried out by a plasma torch

and in that g he &lh%sna %%s gixture used is rerdlluci ngt(.capabl e of reducing
the oxi di zed conpound®cont &nt I nFECAESY pFesERtLMF e pdtherd™e pPEf er abl y

the 30 conpositi edading He 3t asrndyas 0o X7 urehaompr ési ned niw ethdani£0%

hydrogeggor anot e nedlct B9 ALRsIR.GRS. harTNErBLORUSLT QLAY 09555 a8

claimed in claim11, 35characterized in that all or Some o e “coofi ng
reducing atmosphere for the purpose of reducing
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 c¢laims, 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 according to the materials

injected into each injector.

10. A target that can be opticnally produced by the

process as claimed in any one of the preceding

35 claims, sald target comprising predominantly a

compound chosen from refractory metals, resistive

oxides and volatile oxides, and having a lamellar
microstructure.



jets have an oxidizing character. - 30 - keying sublayer is used, this
bei ng deposited before said conpound is thernmally sprayed on the surface

. portion of the target in question. 5 6The production process as clainmed in
any one of the preceding clains, characterized in that the target is
thermal |y regul ated during the plasma spraying. 10 7. The production process
as clainmed in any one of the preceding clains, characterized in that a

powder conpositi omof saifdsphayed1goRraund, th d; laim,
conpri si ngpowder parti cl esgffé\}i t hasi ze distributi ongei vgrjlfgf/:Se éngloc<a%8 gm 1525

gm < n -50 < 100 YR*UHFHFEYM L 0obak 260 igmhapaksed’ 8. rehsapEodiction
process as cl ai mesbrigo ey an@ dha€l ainBeletOrdcand edi®tiviehar agkeri zed in

that it 20 includes a subsequent heat freatnent. step_.i,n a reducin

at nosphere for tﬁ%‘%r%b‘@ %Tlmregducﬁ’ﬂegéeﬁ%]é&ybléﬁeﬁoﬁtlw Fﬁréie'ﬂf’%len t he
target abter the preffamdblypr aiwigest efrhe?25 @hedletpraduct ebacprbeais as
clainmed in any Or}:eeﬂcsttihﬁtgf egeding “&;J@d characterized in that several

conpound injectors are used for injectrrng, dt different points in the
thermal jet, different materials for which the injection paraneters are

30adj ust ed ilnziepem@nﬁéy%@ﬁcgrsdia&itn%d henmahieliindl £ | nbﬁ&%&ﬁtwmeaach
injector. 10. A t,arge%1 that can he optionally produced by the process as
clained in any oné ofPthe i et8diBAFSE ERaidscovBPEndafet re8HBELERNg

predoni mantly a Qﬁfﬁlﬂﬂmdalﬁcﬂloﬁa@ fa I()ﬂai:igiéta%gmem&@éi%tirﬁ%yst1§Lﬁe9>iilde$h
and vol atil e oxides, a avi n anel,l ar, mcrostructure., - - . e
target as cl ai rregﬁ}dﬁl t Egeprréc%]gpﬂ]g ol (alii 1gﬂlé¥ac?’%r:tjg‘§d P halYi t & s based
on a refractory demmundofandohas aredleaetliyced feststi wift yLdoxss &hdan five
times, preferably e ti %f%%%gg{é %ac;grog,f %rfaliloksobw_ce the theoretical

el ectrical resistivity o

15 13. The target as claimed in claim 10, characterized
in that it is based on a compound of volatile
oxides and has a nominal thickness greater than 3

- m, preferably'greater than 6 mm.

20 14. The target as claimed in 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 c¢laimed in c¢laim 10 or claim 11,
characterized in that it is based on a refractory
metal chosen from molybdenum, tungsten, tantalum,
niobium, titanium, wvanadium, hafnium, =zirconium,
rhenium, rhodium and refractory 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, V, 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.

l6. The target as claimed in the preceding c¢laim,
characterized in that it is composed of a

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



12. The target as clained in claim10, characterized in that it is based on
a conpound of resistive 10 oxides and has a target volune resistivity | ower
. than the nomnal resistivity of the oxide by a factor of 1000, preferably a
factor of 10000 and even nore preferably a factor of 100000. 15 13 The
target as clained in claim10, charactefjzed in that it is based on a
conpound of vol atile oxides and has a ndmi nal thickness greater than 3 nm

preferably great aind NaRxBaM 1,20 rdhar N rbBLORLOAS ATty LEBGR! ccod! g

claim characteri zed in that it _has greater t ef erably
greater than 90%EXA™ t e MR naF d’é?fs#ét‘i/to% IBgtﬁﬂl'hé)etrar Qeﬂﬂcé@?cl afned in

claim10 or clai milllichangcter izefolBgt et i"éfi‘a‘éc dmeRad hRfxagtory
metal chosen from rﬁlz)%ybgenu t ungst en e 4%{}:6" 9_ % %I t'ani um

vanadi um haf ni uf{®A r @onfdmt “PleniRif S af@-Fefact ot F2aFPEYs t hat
are 30 défined i metwlt pgehrep calssstofofzidncd.al |l oy where A and B belong to
the followwng list of elements: Mo, W Ta, No, Ti, V, Hf, Zr, Re, Rh and to

all oys of the AMtype in which A belongs to the i st: Mo, W Ta, Nb, Ti, V,
H , Zr, Re antd M okgeoes the 36latmedCon Ot,heNl erhsedeg Relan, Ag, Au.

16. The tar get A @l iR d Ne, PERS eI Cl dﬁh f:f\%jthget hat 3'2t

is conposed of a refractory netal, on the one |con -
the other, in nol®fr pFBGortFdFEethatifmy qo&ﬁ’@@lftteom Qnﬁol eC@ﬂP¥é$¢§ctory

metal peo 5 nol esce(ffra:‘dtldrﬁ_?onmélﬁauo Jafelaseof hethpekeay wWEtR! PeLel nole
of silicon, prefer;b!fy 1 rml refractory 5Snetal per 2 noles of silicon.
17. The target as™ r?e&aimﬁ ﬁ‘? preceding claim characterized in that the
| anel | ar mcrostructure of the target is conposite and conprises

10r ef r act ory | nag%% léXt@. fﬁgd thnh érllema i con I ﬁrrel I af?t 18. The

target as clalrre or ¢ alml 5 HRt &P 2 O at is
based on at | eastCh@ﬁ@Ci:@rrl@§dst14méﬂm<¢ dét chesbasedownt ke flaﬂnsw oheoxi des

havi ng g5 per ovskideg igtliyel We @ ERbEUha AR L‘.lfb Wghﬁ*ﬂl}’% Y &f@é el ement s

or conbi nations Sﬂﬁyel enents such that the sumo e valencies of fthe
el enent (s) const PAYEPRg 3 BRECYERERE \afiwdprst 20 fremaflangdiQs)in

COPSH) t ut; ng B |$z|ha@&nalAt aurfd @é‘a @ﬁ@seélérﬁéh”&@x|ﬁeScBﬁMhﬂQt§onsb of g
colunmbite/triruti estructur%?: tti!ABZOGt e.n or Ta an

Ais an el ement SfSUEPERCFUS IsémS Be Pﬁ‘ Aies Rt jEhehosen
fromthe |ist: Ta2@bhenIhh20yna205,;t A2 A I-dfrﬂ:? ofele YRE3entl203f La203,

VGO, By 19 TheargRlyds: Gl HEdeLR:(RengT SFOfing ohal o char agler zed

inthat it corrpnses a conp st i on COns S AT XL UT e or
conbi nati on of tﬂboéﬁnrmf-'éomes-‘r@td% devdeg On c@nb#ml@ﬂse/ﬁnemmnhetly one

resistive oxide. s%QucEtl@et 8r0eheaAKbal Phhe @nclnﬂhghlg Qs G B & % or 35

14, characterized in_that it is based on at | east one voI atile oxi
satisfying the cPPfed d Y fpl ARt LR oYL eNEY b nd OFo AL oFr ¢ hi

oxide to be in paati @y areiz¢ ne exi des EhBs@Xi deombarHdim 9t deragadm um
oxi de, Jndium OXi\ngos,m?}éS PN O ce0,, Y105, AL0s, Las0s, 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: Tvap <

Tnm + 400°C, it being possgible for this oxide to be

in particular zinc oxide, tih oxide, barium oxide,

cadmium oxide, indium oxide, molybdenum oxide,



- 33 - zinc oxide doped wth alum num nolybdenum gallium tin, fluorine
or indium or a mxed indiumtin oxide. 5The target as clained in the
preceding claim characterized in that it conprises a conposition
consisting of a mxture or conbination of two volatile oxides or conprises
predom nantly one volatile oxide. 10_A Er ocess for producing a film by
sputtering a target, characterized in f°' at the target is obtained by the

process as clai mgdnin agy; g€ @bpel® "Hidnt 0a%umitum, molybdenum,
gallium, tin, fluorine or indium, or a mixed

indium tin oxide.

5 21. The target as claimed in the preceding c¢laim,.
characterized in that it comprises a composgition
consisting of a mixture or combination of two
volatile oxides or comprises predominantly one
volatile oxide.

10
22. A process for producing a £film by sputtering a
target, characterized in that the target is
obtained by the process as claimed in any one of
claims 1 to 9.
15



