Nbfybdehun}based target and process for producing a target by thermnal
sprayi ng The present invention relates to a process for 5 producing a
target intended to be used in deposition processes carried out in a vacuum
or in an inert or reactive atnosphere, especially by magnetron sputtering
or by ion beam sputtering. 10 According to another aspect of the |nvent|on
it al so rel at esMebyld ey boased: basgdttm@@r@@sss bf yr gitcadurethdya
i npl enenting said process any S rget for the purpose
of obtaining filns based on %ﬁé% ?2} sp&t%@&g% %gen1sa|d target, and
also to a 15 conposition of the conpound for producing said target by the
process accormgiag ﬁgeggﬁtlnge@%hgqoﬂWMféngtéfchgbqu%§ fﬁg fa$%§r|ng
nomm

targets, including certain powder ornlng ni ques, are t he
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t hen assenbly on a SUP ort, .or direct ass fb ¥ of sintered segnents or

| ess convent i‘oHai 1% R Eﬂﬁﬁﬁ%ﬁﬁ?bfe?ﬁ%?hﬁf ¥pPY¥yPAgrehicBsShyFEering
particul arl y @ ghasimn sprayi sputtteshitique. These targets are intended to be
used in processes comonly enployed on an industrial scale for thin film
deposition, especially on a glass substrate, such as 30 for exanple the
magnet roﬁosplﬁQ@Wdﬂgigpr beesmothent kﬁsqumoceés the plrasngiian,.creat edsion a

hi gh vacuum closa d® 8ot ar 9@1&&3@{&@5&%&&%#&@6 J:,ssiﬁi@?n $tha e

deposited. The active species of the plasma e target, tear
off said eIeﬂ%ﬁtémp%ﬁm%ﬂtBﬁga?§1§e§8§Fﬁéﬁgdﬁn@héosﬁbétﬁa¥%‘Dﬁoﬁﬁﬂhgathe

desired thin fdtqat foR thispusedsien oridht 4hei il aﬁ:[‘Pmé Sb&@é@oeﬁd ol y of a
sputtering .gas eferabl a no as of . the Ar t Thi s
process is inp %‘%3 6%4: gﬁgg'tr%"f‘?e atr‘?orgr‘?e’fy eFP‘a1 | & Wﬁ’n ’%/‘?I s to be
deposi t ed5on wmsm:&m bar theanpbepdhad Floas pisddedinav 0181 daseft nore
than 6 min Iégmgﬁg IR&ﬁ? 4 é@gé ﬂ@yqas Ianar abnetry or a tubul ar

geonetry. anar arge s ave an age 0 ef’ng able to be
integrated in cathodes of relatively sinple archltecture conpared with

cat hodes dedigated,d orQhRiYular ge&smaﬂfﬂwaet %Erg%e Cq%'l%ﬁmvef

pl anar 15 targets have a_utilization factor ener al | ess,
which is not %%t%a%ep?%¢eFo?§F91FarEéFénﬂﬁaﬁshaﬁeeakﬁpwnlzEbN@n fedst or

fsulbst ant |2i@| |b éte@f@@%@r :.hhainewzporz?na}rl tBeuspedidut a:aiseseimt;h dz;éasbdgnum
il ms, nol ybdenum bei particul ar ensi ve_ net a is preferred to
use rotary targetd di° ‘“2‘%/?‘? ndi 1T ‘% ofég‘éﬁ“f?éjd &W HdMeht US 4
356 073 S|nceopémﬂmn¢msgebftbavéxﬁ:nﬁmeming yaeﬁdtﬂm&pr&s&ﬁmbhg the &5
proportion of re t t of rial
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available on t arget for producing a h infi g
preferably greagercondanzsonakbyesekechainves oft ltdlermadneprey ingr getd

geonet ri e$ ar@oKa o+ PLENAF1 dasﬁ[slaagyaé ral 6 20O 3y S0 geonetries and
the invention is also applicable to geone ries other than cylindrical ones.

The following literature data for pure nol ybdenum are given bel ow 35-
density: 10.2Bhgé€NBargets are intended to be used in processes

commonly employed on an industrial scale for thin film
deposition, especially on a glasg 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 nonreactive deposition process



thérnal'expansion: 4.8x10'6 K-1; Young's nodulus: 324 NNm®2; electrical
resistivity: 5.34 uohns.cm thermal conductivity: 139 WnK;, - 3 - -

mel ting point: 2630C. Furthernore, there are al so other vacuum processes
for depositing nol ybdenum other than nmaghetron sputtering 5 using a target:
these include | aser sputtering (laser ablation using a pulsed or continuous

bamer 1 ¢ ol CBBEUSEULL SHi08 | Phe ARG, | 1B00EoREOLERD ShITAYoR | o

benefit fromthe use et "according to the imvention. r egar ds
nor e - parti culsPUbEersingb disrfm pagherabhy t ar geibd eorgahoet hee 2of, diher

refractory metalsy FRNY%:JgWeNthons havediees f ihsdefhehabingd,o H&i‘%e |

foll ow ng processes and formng thé subject matter of the patent

appl i cati ons SURSERYSS AR AR IRP L P ont S bk g foey gdepasiteds on ,
2008/ 0193798 caint t\Wa t2306/fA1 B3im2AQ Ressiqihdhasnsdty 6fitg #idan dngot or
a preform (under % re%§ure of. 20% to 250 MPa and at a tenperature of 1780
to 2175C) fol'T9We h%v" ot® 8 HERFSCat about 900C) of this preform by

rolling or extrusion or forging. Generally, this process also includes a
heat 25 trea = I R hydragep. oL a rg%l#&%&g %bergqns q: reoirn rdgrb&fa{,educe
the oxide content in the target an i"onal Iy a str'ess relaxation

anneal i ng tremauaftiry. - Also known, from patent application WO 2006/ 117145,
. .30is thejgonplete or partial construction,O restoration, of targets by
col d sprayi n%i whi ch consists in spraying a gas/powder m xture at

‘super soni ¢ vellday, targepRdwlerendtoaRPpiindhecfoPeéRdstdtle thebeby
differing framtderdthar mal i35sprapwmgiqy ocesges. A1hauN he 3bayee
SELUU L al%&éﬁ?ﬁgcéi¥%F%é%%&%éé”hith cathodes dedicated to rotary
-targets, which are much more complex. However, planar
15 targets have a utilization factor which is generally
50% or less, which is not the case for rotary targets

that have a utilization factor substantially greater
than 50%.

20 In the gpecific cagse of thin molybdenum films,
molybdenum being a particularly expengive metal, it is
preferred to use rotary targets of —cylindrical
geometry, as described in the patent US 4 356 073 since
these targets have a material yield (representing the

25 proﬁortion 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
are .. known: planar (disk, sguare, rectangular)

30 ~ geometries and the invention is also applicable  to

geometries other than cylindrical ones.

The following literature data for pure molybdenum are
given below:
35 - density: 10.28 g/cm?;
- thermal expansion: 4.8x10°% K;
- Young's modulus: 324 N/mm%;
--"electrical resistivity: 5.34 pohms.cm;
- thermal conductivity: 139 W/wK;



of iargéts havi ng vari ous conpositions using these nethods, pure nol ybdenum
targets usually have the - 4 - followi ng properties: purity: > 99.95%
density: > 95% of the theoretical density; fine-grained mcrostructure. 5
Targets having these characteristics are sputtered so as to obtain thin
films that are used for exanple as el ectriodes for photovoltaic applications
based on an active material bel gn |n to the chalcopyrite famly 10 (QS or
ClI GS for exanpte)."NbW?@HéHﬁnPBF g§38 °§ood conproni se between el ectrica
conductivity (less than 30 pohns. cn) tenperature resistance (refractory

properties: meltingpaint:2610C) andhi el enj zation resistance. This is
because ol ybgéﬁlﬁ%gﬁg'g 5 %lf?)rgnear ge@f@?aﬂt €t o VEAE e BHACHRES e H OF

at nosphere usd@pdantmggt heo 1GHBleomtuC] GEheepodidn omagheproﬁolsyﬂidﬂmxmrrgeacti ng
on_the surd aceaph SeLepLU | il A0 M2 Pass YaLiag L aver uJfou!
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losing its electric conducti on propert I es, or %lafefllmzo
transi stor) applp&adenonss it ar eﬁé}tﬂlfr%i eRrr mty-mudeeIwr)( " pndhc:llca‘i )

densities. thbaﬁméﬁdﬂEgﬁiﬁ§n§b£'%%dmbfgxyTﬁéégtBrécéé &s ﬁ%&e and 5

pm may especially _be rrgntl oned. Such quality levels can be achieved only if
the sputteri ngeﬁreééés FeMdihf d Ute aRy efedtH ISH QGCPFf§t1§B| | Foy WFe t he
arcing type. Thventioaspecially possible when the target has significantly
no porosi i.e. with a density of at |east 90% Although the processes
for obtaini ng a target by plasma 30 spraying are known not to give
properties si @isl arrdgrtdmsenobé ai pedtpcetbelyl y ndliyddemesentmadiveaitdon i s

a0 £ns carBeREeRs [Qlodk ORHAL G2 IR IRMISS AAE, Mol 25

sprayi ng that ers performance in ast ~équa Hot ter
t han, that 35W@tﬁ@ﬁlsbyh@%vmfbnﬁi1®<&nmﬁé@tun9ngtqard;hessfssllmng hi s

purpose, the proERSSeACERIL NGk Ohd henk NueRYLep anete&»O%lfC'e}% S;fétaéx%’t by
thermal sprayin especi al Ly by plasma spraying by neans of asma -

torch, satd t&FFatCa H“ﬁ’lnlsmlﬁ&t&fﬂ P&€dS¥ :one nol ybdenum based corrpound |s
characterized in that at Ieast one fraction of said corrpound in the form of

a powder conpositiaon, of s Q u yed t her rayi ng_onto
at | east one su?fagéeélt a%T % rhd% fgo‘]i?—f’ b[#é %O%QTO%%%%% and
in that povverfuIWOcﬂib@@ér@ﬁa?e@ol i ng jets directed onto the target durl ng its
construction and distributed around the torch are used. 10 It will be

recalled that fluids with a tenperature equal to or below -150C are
consi der e?0 by Fd&isdng ddero patayiogemic &1 vingpt or a preform (under

a pressure of 200 to 250 MPa and at a temperature of
1780 to 2175°C} followed by hot forming (at about
900°C) of this preform by rolling or extrusion or
forging. Generally, this process also includes a heat
25 treatment in hydrogen or a reducing atmosphere in order
to reduce the oxide content in the target and

optionally a stress relaxation annealing treatment.

- Also known, from patent application WO 2006/117145,
30 is the complete or partial construction, or
regtoration, of targets by cold spraying, which
consists in spraying a gas/powder mixture at
supersonic wvelocity, the powder not being in the
molten state, thereby differing from the thermal

35 spraying processes. |

Although the above documents also cover the production
‘of targets having various compositions using these

methods, pure molybdenum targets- usﬁally have the



15 'The use during plasma spraying of cryogenic cooling jets (cryogenic
liquid jets or m xed cryogenic gas/liquid jets or cryogenic gas jets)
enabl es the quality of the target to be inproved, while providing two
functions: 20- imediate cooling of the sprayed zone, thereby precluding
any possrblllty of partial oxidation Or Aitriding (by the presence of even
smal | traces ? f ¥g§n or nitrogen in the chanber) of the sprayed material;
and 25- power Fal 1eVERHi RECBFTEHeS sprayed surface so as to provide excel | ent
cl ean cohesi on betmeepufh6ypa£t991959and successi ve passes. Mreover, the
use of a plasma torch,and. | as 0 m.xture t ossi bl e to
obtain a strong reductFoRt ?%prlgg% the Thrased ¥i cles, thus
reduci ng the oxide~coﬁieﬁtgpaesedtm1mr®$mmmeuqmﬁ conpared with that present
in the powder (Too < Top where To, is the oxygen content present in the
target 35 and Top is the oxygen content present in the powder). - 6 - and
the target isTesgabsi Sigadng theset ﬁeamr:fcaa;esmcsh@n@rgputter@ders@r ed
prior to depogkticen Sicsal dtﬁ@ﬂpqairl%s that aI:Qeu%lérdfaE@rpéﬁgﬂfﬁ%

includes a step of -blasting it with a jet of abrasive particles (called
sandbl asti ng) € gﬁcFﬁ% %ﬁrffa%?’e BBPPPB’HlBFthé‘E%%t%Cﬁ’l%ué@fﬂ‘ﬁén Olyr an

al ternativel yaatstep wftamcdl nbegoag&ngtlws thlel t@lbé.ﬁccfaﬂrriﬁ@ layiing. of the
sublayer and udes the 1

e_surface par n, then i
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and/ or other gf ﬁgﬁmg%rn?"“ Ng Al [ANas g’% S nggsﬁlg% gLMOr €, reef cjr)tl onal |y

enpl oyed: bund 15 Spr er that Fad A5een purged
or rinsed andPFﬁEﬂrFFﬁﬁed winenl imer t gheintip t o 264H°€Bsur eandlat gl ange

from 50 mbar £@14400-0ba8h, $85281hAcE! €8h8 saN OXEIERAeRl A 5@)@5%% t@g&where
| e ou

wthinit (%2 < the thermal spraying is car

pl asma t drech Qndh}%%%5IagﬁﬁﬁﬁﬁPQﬁxﬁﬁretB§edS? e@é@%b?h%h(éﬁﬁaﬁi Qﬁe

reduci ng the axkdi de¢ingl yhdeaum eﬁnthrds iqdiddaAld B rasnt vdlyidsmander) ,
preferably the 25 conposrtlon qﬁﬁ%he é g m xt re conpri Si nor e
t han 10% hydr 5§&rt&F9a bt Hél 5 Bng Sﬁglum o for é§?dﬂg %l ayer

is used,this peEHQVdEpng1mﬂhy®efomaHWmMmallspiaglnglbé sailtecronipeidnd, on
the surface PaEhiARc bol hﬁaggreg@&egg WESteple o Mfet 3G B AR LY

regul ated durin E wder colpost tion of said
sprayed éthoEﬁénﬁ§SE§§d coOnp Fgﬁhgopedehabarr¢%mE%ﬁvath&m&kﬁ Dkov

defect ("pinhole") densities. Maximum pinhole densities
of 500/m® with a size between 1 and 5 um may especially
be mentioned. Such quality levels can be achieved only
if the sputtering process is devoid of any electrical

25 instability of the arcing type. This is especially
possible when the target has significantly no porosity,
i.e. with a density of at least 90%.

Although the processes for obtaining a target by plasma
30 spraying are known not to give properties similar to
those obtained previously, the present invention is
applicable to a process for producing a molybdenum-
basged target by plasma spraying that offers performance
in use at least equal to, if not better than, that

35 obtained by conventional manufacturing processes.

. For ‘this purpose, the process according to the
~invention for producing a target by thermal spraying,

egpecially by plasma spraying by means of a plasma



di Stributiongivenby5 << SO pnm 35 25 pm < D50 < 100 pm and 40 pm < D90 <

200 pm t he oxygen content present in the target in oxide formis
nmore than 5%l ess than that initially present in the starting powder;
i't includes a subsequent heat treatnment step in - 7 - a reducing

at nosphere for the purpose of reduci ng-the-oxygen content present in the
target after the thermal spraying step; and several conpound injectors are
used for 5 inf¥ting2if HPEPELeMOMBBILFIS%0RAY heeadler ARE et YbERRPEY-ent

mat eri al s f orbaded hcbhpolinfiectiisone s et e fe @l enadhust ed | ndependert |y
according to éhe material s inj.ected intg each in'egtor. 10 Anot her. aspect
of the inventt5h e At & t §34% aF gBRPORY idﬁhlﬁyekr ftled by & h8¥FASLess
accordi ng to ¢dmposivieitn orpfandaiint endagoundbeisisesbiayead syt t ehiekgadevi ce,

especiallyg a g N S tenn ic or_ln-any qther. vacu uttering
devi ce using %3%%58%?; said %g!tgfg§¥ c%ﬁ%ri%?ﬁ%g%ge Ot Tan If&ggﬁy denum
For this purposeget hent angeneracgaedahgosphene, i avdntihobhadf poweinfall

t hi ckness (€)ar&d iéiEgo?iﬂbe%%Eso@ﬁf@ﬂﬂ&pQﬂHﬁsb@§§dt39 punRg-4

characteri zed, In that i as’ _a_lanmellar mcrostructurg, an oxygen

content of |e5sSt RRACLEUGCAPM Prefetabrire’d eEeHNG0T-pntorAd @xen nore
preferably | esseihan 450 ppm and 25-an electrical resistivity |ess than
five ti 1S preferably three times and nore preferably tw ce the
theoretical electrical resistivity of the conpound. This resistivity

measur ement i 3t carrliledbeut rasahpetihec 13 Vadluders Paiinh ( ASTMemi@raneideod, the

relative resighiy{ty.mas t belQ cu d.relatjve ta,. t.he
t heoretical va %% a?o(or.?%%fgglugggbga%ﬁ%h #%ﬁ?h e??gn%ng %&&%Flon
: to be cryogenic fluids.

15 The wuse during plasma spraying of cryogenic cooling
jets (cryogenic liguid Jjets or mixed cryogenic
gas/liquid- jets or cryogenic gas <jets) enables the
quality of the target to be improved, while providing
two functions: '

20 - immediate cooling of the sprayed zone, thereby
precluding any possibility of partial oxidation or
nitriding (by the présence of even small traces of
oxygen or nitrogen in the chamber}) of the sprayed
material; and

25 ' - powerful cleaning of the sprayed surface so as
to provide excellent «clean cohesion between the

particles and successive passes.

Moreover, the use of a plasma torch and a plasma gag
30 mixture make it possible to obtain a strong reduction
in flight of the sprayed powder particles, thus
reducing the oxide content present in the target
compared with that present in the powder (Toc < Top
where_i@c is the oxygen content present in the target

- 35 . and Ty, is the oxygen content present in the powder).

Furthermore, the process according to the invention
includes the following, more conventional, aspects:

- a relative movement between the plasma torch



355. 34 pohns. cn). 20C of the passive conmpound fromthe literature) (as a
has a resistivity of In preferred enbodinents of the invention, one and/or
ot her of the follow ng arrangenents nay furthernore be optionally enpl oyed:
- 8- - the target also includes at |east one addition el enent chosen
from vanadi um niobium tantalum chrom@m tungsten, rhenium copper,
zirconium titanium hafniumand rhodium_the target having 0.5 to 5 3096
by wei ght of 3% thgditeireetelidmemt adrl iseddddi ti on el ements. In this case,

the addition el ement tole edeieMs sBythe Rheybded sbypalg theidwl £gwi ng
means: 10- u%% of .a,preall cgag%gpomder ip which each powder particle has the
desi red comp&ERISHIGE Afe ECMRSEES bl y slightly different in order to
take into account -anytheneguaifacessescppratliahi | inaliossduai ngcébe dher mal

spraying pf t ri. 15-. . use_of. powder bl end consi.,stiing, ,on the one
hand. of pur é’q%r&%r ol %yg’&tﬁol%bagﬁurﬁ%‘;&%@séﬁﬁ, B B P haR, of
one or nore cEgiblaatang) perakheyednfewdersosoldrhadt t ibef itmatgegonpnsi ti on
of the targety] : degi.r ed; égyh = of, t r-€ p ...each
bei ng inj ectteqc}liel?yglra}_ﬁ{di ffé%en?a]b anne Yéﬁ?}g t%e \t,\%e%nalme)jfgt ﬁ%?ﬁ%l?ﬁe

ther mal sprayitigaftiaps ARedrediley by it ey ioshedi vhet seblewervapget, this
is 25 ]g:ormoied f’f -;mlmil@dggsmﬂa@e Si E:@@larb?_ia'ﬁ: aﬁ;hréhop%ﬂéESK&eél ha%héray
range fr nmol_of no enum per of silicon yp to nmol o

nol ybdengﬁ: petP PTG o?é/sf"l :}ég)ﬁp M efeFENNI1 MRTIEL kinnt%}ﬂ?i]e?ﬂﬁﬁ)pePnZ no
of silicon; the surfadehedmnkd arf My adrdent Uhe qkestthent.arget is 30
conposite and conprises |lanellae of pure nolybdenum juxtaposed with

| anel | ae of pure silicon; the target has a planar geonetry; the target has
a tubul ar geoietether embodiments c¢hethar gevehtsomddone oantl/ohi ckhegses of

35 material alf eache Of £LiS0RAHS arrangements may Ffurthermore be
15 optionally employed:

- the compound is sprayed in a chamber that has
been purged or rinsed and then filled with inert gas,
up to a pressure that may range from 50 mbar to
1100 mbar, 80 as to create an oxygen-depleted

20 atmosphere within it (%0, < 5%);

- the thermal spraying is carried out by a plasma
torch and the 'plasma gas mixture wused is reducing
(capable of reducing the oxidized molybdenum content
initially -~present in the powder), preferably the

.25 composition of the plasma gas mixture comprising more
than 10% hydrogen or another reducing plasma gas;

- a keying sublayer is used, this being
deposited, before thermal spraying of said compound, on

. the surface'portion of the target in question; '
30 : - the target is thermally regulated during the
plasma spraying;

- a powder composition of said sprayed compound
‘is used comprising ‘powder particles with a size
distribution given by 5 < Djg < 50 um;

35 25 pum < Dsg < 100 um; and 40 pm < Dgo < 200 um;

S - the oxygen. content present in the target in
oxide form is more than 5% less than that initially
present in the starting powder;

- it includes a subsequent heat treatment step in



thé target conprises one or nore parts on which the conpound is deposited:;
said part(s) is (are) either a planar support that can be fitted onto a
sputtering machine or internediate parts that are then bonded onto - 9 -
this support; t he additional thi cknesses are around 25 to 50% of the
nom nal thickness of the conpound |ayer;7 - t he target has a density

of greater than 85% .5 preferabply greater than 90% (density neasured
accordi ng to & HeS{&i %18 UPERAGKR) for the PUEPRsRi R4l Xafuddmssstie) is

bet ween 1 an@x&@dnncqnﬁﬁﬁﬂEﬁ&ga@ﬁﬁmﬁﬁnt@ea&@rb@tmﬁfter the therh&e target
has an iron 033 t of SS t(r)tqan 10 50 ppm preferably less than 35 ppm
the target ha con ént® | ess than 20 ppm preferably I ess than 10
ppm 't he targaevtmla Crouppuedt ofnjesisotdan e pplﬁflseﬂr ef eoabl y

| ess thang20 PS5 thegta a en, gontent s 1han 300
ppm pref erabjjlflliilﬁ Iess ha%tzogg%eggﬁt eﬁ#%?ééét r&th%purr rmg? a F’Ieast

99.95% and differqnie "ﬂ%‘?%ﬂétaf% éeﬁswm@tned:tm mmmpmm pareme'aers
provi di ng chaarx@teagﬁgtea GHRYdRIS It N dhe-gxpected &%pﬁgeefiafé of a

magnet r on tar | (sufficient nmechanical strength Iclent thermal-
conductivity,* ri‘cﬂetct S ridYissit B the water for cooling the target
during use, etc. ) such as for exanple copper or a copper alloy, or

teniti t.ai teel s 25 for exa X2CrNi 18-9 or
oo N ot TR BBRGE . O o MR T RER- Bt LRE T6F Sehet Pnvent FEREC hi s
rel ates to a apmiydiddum pasddced NbBi ZHeaspdotebm cid@bndthdy teputhering
the above targelan3Q,] N el ?LHE:%ﬁd%@bogb S Ped g nyent one _and/ or

i Q
ot her of the folel OW ng arrangenents nmay furéf hernor e "opt | onaPPgt rlnﬁpl oyed:
t he nol ybdeni¥idem ha@%tllr Btd vrr@gnetr%sep%t@nmg 28epbhes. em in

preferably | egs, tdwame 20 RANGR- Qﬁ&tt@@f?ﬁ&'@@vi@eYEt&lﬁQO%hEar é@?céaQEet he

i nventi on th| S reI ates to a flat display _screen scr en may
obt ai ned*By JrfFHRT tcffenft’%ﬂq’d%i RF ST dive g0 Ipbrlenum.g

For this purpose, the target, according to the
invention, of nominal thickness (e}, comprising at
 least one molybdenum-based compound, is characterized

20 in that it has:

- a lamellar microstructure;

- an oxygen content of less than 1000 ppm,
preferably less than 600 ppm, and even more preferably
less than 450 ppm; and

25 - an electrical resistivity less than Ffive
times, preferably three times and more preferably twice

the theoretical electrical resistivity of the compound.

- This re81st1v1ty measurement is carried out using the
30 Van der Pauw (ASTM F76) method, the relative
resistivity measurement being calculated relative to
the theoretical value at 20°C of the passive compound
{or the wvalue obtained from the Iliterature) (ags a
reminder, molybdenum has a resigtivity of

35 5.34 pohms.cm).

In preferred embodiments of the invention, one and/or
other of the following arrangements may £furthermore be
optionally employed:



(Thin Film Transistor), LCD (Liquid Crystal Display), PDP (Plasna Display
Panel ), OLED (Organic Light-Emtting D ode), ILED (Inorganic Light-Emtting
Di ode) or FED (Field Em ssion Display), or else to a sem conduct or
conponent that includes at | east one Mbased or MSi 2-based film or else
the invention relates to an MoSi 2 filnrtRat is used as a mask in the

fabrication of a sem conductor conponent.. 10 According to yet another
aspect of the inventi'dh ERFESFePifSs W ladase Al Lerskl eetr 8§6itdORed from

a nol ybdenum dbswshi i | eholdledi Nneflirtifi NGramaldanget asidesen) bedaakavem,this
el ectrode bei glgrgr?ed in a hotgvoltai c.cell or nmodule. 15 Accordi,ng to yet

anot her feat uFe O ¥he | ntBHEPERY t hi SPPBIHPes t GORPREY y bd &rdmoPi
obt ai ned by sbutamivmg hafaboveandr ghodidd, | nhpr ehegeedhavhadi oest $cof t he

i nventi ongz ongnang/,or r _ f ol d:Quwi_ng arl t furt.her nore

be optioné‘:’lly?%‘r’rp%yé’(?g%et & Eﬂgt R by Yo épg?%gfﬂlttégglthan

20 pohns.cm ptepenrGHly | ess than 17 pohns.cm for a 25 fil m t hi ckness of

bet ween 80 nm and 500 nm the filmhas an oxygen content of |ess

t han 250 ppm reherably | ess than 220 ppg}sl the filmhas a nitrogen
content of |ef? CRAR SHS5om tP ePEFABRYN| &46MEREN B0 PHATSRBE PA¥ 49 m has

an iron conteptovidé@sisytbnas 50 ORa £PLEbRIEY | Hedess than 40 ppm the film

has a nickel content of |ess than }3 PPm thgfi l,m h%ﬁ ?L chr om uchontent
of less than 35 20 ppire ©- 2 PEREFPYRChESVESEunds ten “Co it PSF4%ss t han
150 ppm and particléhérdd | whal sdeshcéddesngiodigaisin oné alde t itarcatenent
chosen fromv k nLpbi ta t st henj u opper

zi rconi um ti?gﬁlg%}rynﬁhﬁ%?%ﬁ?%%d @%%%ﬁéﬁttﬁ%gfi%%%vﬁ{% ?Tpaé(cet op'%ﬁ;’% by

wei ght of thea2adeRE oAnE| ReAtadr lagdesi by olodmdnitldzasian wonding tihey

exanpl es, thechaygali 8prARYngeok! {:Hétﬁg‘gggrpy the follow ng figures:
figures la, Ib and Ic are views show ng}Pthe m crostructure in cross section
t

of an Mb YBarget obfai 88 KRF t he AAGEIctPEENGr 5088 shdagr divRy EBSt NeL0
invention;  hand,ficgurmsrd acangddalghgwda nerybdange sbhastuaag,t hen

interparticle_connections heing difficult to di.stinguish becau of the
absence of oxF‘gg P—gﬁSH g@‘,ng" ot Onle ¥ JG-E |og:h§tr rﬁq’djr? r%rﬁ’?‘el%;tci‘}ﬁfi nmakes
it 15 possi bl powwdedessndguinash the fipakabohpoeitaonstEuther &anfgeatheirsmal
sprayi ng procefsfSaesired: hhgures 2a and 2b are views show ng the

m crostructure In cross séction of an M target obtained by conventional
product i &3 processes, uganefy two or more powders, each being injected

by a different channel ‘into the thermal jet during the
thermal spraying step.

_ According to another embodiment of the target, this is
25 composed of molybdenum and silicon in wmolar proportions
that may range from 1 mol of molybdenum per 5 mol of
gilicon up to 5 mol of molybdenum pér'l mol of silicon;
preferably 1 mol of molybdenum per 2 mol of silicon;
- the lamellar microstructure of the target is
30 composite and comprises lamellae of pure molybdenum
juxtaposed with lamellae of pure silicon;
- the target has a planar geometry;
- the target has a tubular geometry;
- the target has additional thicknegses of
35 material at each of its ends;
| - 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



20 by extrusion and sintering respectively, followed by hot formng;
figure 2a relates to a tubular target, its hot formng (extrusion) with
unidirectional grain texturing along the extrusion direction being clearly
reveal ed; 25 and figure 2b relates to a planar target, its

m cr ostruct ur ebei ngconventi onal forsinteriong m crostructures. 30 O her
features and advantages of the invention will become apparent over the
course of thethdp| 8WPRETHescri ption. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

35 The support on whi ghet Badt 88 88E1 Wtk RAEORS! Liet ed ARy By nRde of
copper, a copgﬁr ﬁlloy,_st inless steel or any other alloy suitably
conpati bl e w the prodneti bhiskrnaggnefr bhet apyeeund| hayds: present
invention, no - 12 -thartdeGdedy KLSURI SHEBRL tISSCT ghedeui-t Rnbhe dypcess
descri bed %n thefjnv§ztion i% re %?re% gha rel.ates to the support, such
that it only RAS™E6°Re&t IERETESLA AP eq™ e%ﬁ’tssltryelnﬁarsr’rﬂfetdo ¥h
targets, in téepnthef IBOg8OMBt Byandeetiani cal strength and chem cal i1nertness

with respect to the ¢ in ) repar at.i_on. of the support 10
After having been deg?gése%?mﬁﬁgisdﬁgggggg’gtHgﬁsuﬁgorPeﬁge%PepgréH“%y
bl asting it weEhm@,| pregdprablisbetwgeni Asandthédemyr ai ns may be of various

ki nds: _cor undum (f usedpehid & Qlumae) 8%, bEGHRRET WAUTLGLaINS,,

al um na-zj rconi_a abrasive grains, abrasive grains k5 produc rom
fuse-cast1%IaEOpBPPPcPé@fFEPb%He19§§iFBFPt3gyBETf al mandi ne garnet grains
or else angular steel the cBskgetOoM&NOtar(t MiS kbstene! Bei NOegxhausdi ve) .
20 Preferablyzbthe foIIo&ﬁgg ibrisives are_used:. corundum (fused

whi t e- | uni na) 20- PRRA PraFGAPRAYZ1FEENFRAP: 4P BR%fmpl e AZ 24 from

Sai nt - Gobai n Coati rg Sbkut tamgkt(thas mat eCial costgnef esf edldos idlsami gh

toughness that,l i)njts EgggEgkhgg%%ésgggﬁgyabngggnd consequently the 25

i nclusion of gra fractions i aceé - such inclusions are ‘
del eteri ob® to adhesi heoftatgstcdms ny) tulstenecagsedcandt dresof thmn -

abrasi ve grai B0 pphl ebekaRkiphst Ween %ﬁgnaﬂao8g9 pm depending on the type
of abrasive. The purpose of thiS operation ist ?O give a surface

roughness capabl e of ERSuFPHR§eEoPREcE RUEdsYoRLoREt ABaBEe98uBPEyepndr of
the nol ybdenum based ¢aepewidet isAtcidtaniatddy el hoghronsi §iseta]

or the. 1ol ybdBRGHEIRBo ML A B oFBPRF b CtibagBr ip trePeRrcs
sprayi ng 26 l1®roperties of a magnetron target in use (sufficient
mechanical = strength, sufficient thermal conductivity,
resistance to corrosion by the water for cooling the
target during use, etc.), such as for example cépper or
a copper alloy, or austenitic stainless steel, such as
25 for example X2CrNil8-9 or X2CrNiMol7-12-2.

According to yet another feature of the invention, thisg
relates to a mblybdenum—based or MoSiz-based f£ilm
obtained by sputtering the above target.
30 _
In preferred embodiments of the invention, one and/or
other of the following arrangements may furthermore
optionally be employed: '
- the molybdenum film has a resistivity of less
35 than 25 pohms.cm, preferably less than 20 pohms.cm.

According to yet another aspect of the invention, this
relates to a flat display screen, which screen may be

obtained by one of the following technologies: TFT



ani'cal adhesion of the functional a tie sublayer may be produced by This
operation may enpl oy spraying processes taken fromthe (powder) spraying,
el ectric-arc (wire) spraying, oxy-gas flame spraying (wire or powder
dependi ng on the equi pnment), spraying using the HVOF (high-velocity
oxy-fuel) process, the detonation gun -sprtayi ng process and the col d spray
process using, an, 10 Qgiti onal |y preheated gas into which powder is injected.
Thi s operatiofffy BédlearFransigiftonh t heEPanBilemidai GrywtabuPishilsyi mpairi ng
the i n;/_enti IonpD? _(P?__nghl gpg@!@ll%x,ler meelr)'b,?l &Eh be (6PgsR rkgfirbhlge 15
conventional pmaterjals_us common| y,as subl ayers: ~nickel "or

ni ckel - based &M bye NPAP,SeNi' Ol 5P NEBAFgan ot s9ht eFrbhiEing | Byedefecr Al
FeCr C or FeMn&x st eebs, XAAdNdl 8- Binl 22 MbldpladyRausteni tdluest athl egs

steel s,

et.c.; _20r ¢ er or _copper_all , .Sugh as A, CuAl Fe, CuZn,
etc.; rm%ybdge%rgﬁ%lsr?&%%‘f?lﬁdgﬁrﬂﬁgﬁﬁpgy5?‘%%béﬁc(ié’t &5 %l'e e PPE&tMPs not
exhaustive, thasedoi ce oMo5,cviéager fhbmerial pedsebl yhdepéndiehgi@nht he
material of t o} be oRn. t he ayLn uj n nd_on.the
availability %%%g&%e%&rr%#erwg?g? .ngétif?t %ﬁ% %rﬁfga ggg?‘n%n?%%nqgo%ggcor di ng
sprayi ng of fweriemeirnnal 2isembrondectar geempenamie. i nvention, preferably
by pl asna The functional filmof the target is fornmed by thermal

condr 11 ondl" AEERaLpal B ST Al Ha Tt of nCRoCRERBBF LRAYI R idn

"inert" at nospheseest had iattoma}gtpne._nien \édlle@lﬂrbhé ogwﬁad@nqr@mrggen

S content s 1o {8 ALTPEREEE® 2RI USRI ' V2 Of chRgEE 933 (For

- described above, this electrode being used in a
photovoltaic cell or module.

15

According to yet another feature of the invention, this

relates to a molybdenum film obtained by sputtering the
above target.

20 In preferred embodiments of the invention, one and/or
other of the following arrangements may furthermore be
optionally employed:

- the film has a resistivity of less than
20 pohms.cm, preferably less than 17 pohms.cm, for a

25 film thickness of between 80 nm and 500 nm;

- the film has an oxygen content of less than
250 ppm, preferably less than 220 ppm;

- the film has a nitrogen content of less than
50 ppm, preferably legss than 30 ppm;

30 - the film has an iron content of 1less than
50 ppm, preferably less than 40 ppm;

- the film has 3 nickel content of 1less than
10 ppm; |
- the film has a chromium content of less than

35 20 ppm; _

- the film has a tungsten content of less than
150 ppm; and
- the film also includes at least one addition

element chogsen from vanadium, nicbium, tantalum,



- 14 - argon), and the pressure in the chanber being between 50 nbar and
1100 nbar; pl asma spraying using a reducing plasnma gas m xture,
making it possible to | ower the anount of 5 oxygen initially present on the
surface of the powder particles upon nelting themand during their flight
onto the substrate; use, in the-ikhediate vicinity of the plasnma
spray torch, of nozzles for blowng powerful |iquid or 10 gaseous cryogenic
jets of an inEMPYPFETRd, TERBLBY s G5OGS  diZECOBIURd  dridaid Withe hadmdpen
relative novegrat FHetiMREN tios cliiand HarGR! . 0 ad | @w Nmpasyi hkeguaricgt i on of
t he thicknessgﬁ for g.on t he target aag.esgec%ﬂél¥ at the ends of the
target 15 by FnFHgE 48Pt PORRPEhPEKAEELESORoTMBHFY  Peferred to as a

"dog- bone" target; use of one or nore powder injectors, allow ng
better distrihytion ; . powder._within th | asna_jet: and 20- it Dbeing
possi bl e ?%r ?%e pP%g%%$ %%@ thT%Fé{%ﬁThe%h% cogﬁgkg%%Ppy aval | abl%e DC

bl own-arc pl agddussrehed by &hei fidddoimiobyfégupked RF plasma torch. 25 The

powder used to producg;pheckarget has éﬂﬁ. f1®!g%.“gr:ﬁex@ Cghowing the
characteristics: definéd particie’size distribufion such tﬁat: D10%

(di anet er sucRICKRECIUFFYESt hdThardFeFes afetieml | ef i Ansi M0 t Hardeati s

dianeter): 30kgirweeedd BRd ik PHodb2®inhnesh-ade s aRIRIi nget weenrd and
100 pm gﬂg . Q% (di ameter such that 90% of the particles are smaller
in size than tHV§PG*SMet er): 35between 40 and 200 pm purity

according to the puri ftygoleectiavesnd oLbt BRowaageteryprédreraldyrgraater t han
03,550 A gne - SYOSBENTIENL < ASS0 RN SUELALY 5 300.00m i even <
to obtain a taigétingudisht pesapes of thet ksence of oxide lamellae;

- figure 1¢ at high magnification makes it

15 possible to distinguish the typical lamellar structure
of thermal spraying processes;

- figures 2a and 2b are views showing the
microstructure in cross section of an Mo target
obtained by conventional production processes, namely

20 by extrusion and sintering re3pectively, followed by
hot forming;

- figure 2a relates to a tubular target, its hot
forming (extrusion) with unidirectional grain texturing

along the extrusion direction being clearly revealed;

25 and
- figure 2b relates to a planar target, its
microstructure being- conventional for gintering
microstructures.

30 Other features and advantages of the invention will

become apparent over the course of the following
description.

DETATILED DESCRIPTION QF THE INVENTION

35 | o
The support on which the target will be constructed may
be made of copper, a copper alloy, stainless steel or
any other alloy suitably compatible with the production

of magnetron targets. In the present invention, no



conventional |y obtained by spraying and having a 5 lanellar structure (cf.
figures la, Ib and Ic), especially in the case of pure nol ybdenumtargets,
and to obtain a target having an oxygen content of |ess than 500 ppm
directly, without a subsequent step such as a high-tenperature heat
treatnment in a reducing 10 atnosphere.- W2 -fact of not using a subsequent
heat treatment step has the advantage of enploying any type of material for
the support (Rafeldwran t¥xpunhrenenigetadpotiateduppbth 18héorppbamas

targets), inchauslP&UPPOT Ehehavivag taBnexpans fé?fﬁil&&&%%l&@é%e@'&
di fferent frog&that of nDu¥H:enun1 such as_austenitic stainless steels,

whi ch woul d ber SYBPPEEd F4fh hkbabse toronl %uS@@hu@ﬁtmﬁéét1$Féaﬁﬁﬁﬁﬂ for

reduci ng the mq&g&remr&@rtfelaﬂlﬁ @@%@gnear&eatat:@@aénem teymal ¢ be
carried ogt as_ar tign, ,so .as.to %urth red ce the géegen content in

the targef tH3EOPt ce@GQﬂ?qﬂeﬂku 5?8@ cé?é ntRPRYBREFoN
makes it posswi;ﬁ:le tesprodute qﬂt@nmolmggemsa:mcordl ng to the follow ng
procedur e: ' pl anar target support, suitable for being 30 fitted
into the nmagnetron for use; if the target support has a conpl ex shape and
be recycl ed aftErag felvgredt e Pedpheisedpadie be notfornmed directly on
the one or nore |nterned|ate plates will be bonded onto the support; t he

target materi on the support or on the procedure as above; and t he

bondi ng &’ th%£ ?%D??%H%%uﬁ?eﬂnﬂPQB%aP%@nEEh?lﬁEFgﬁcﬁoPﬁo%PﬁgSPﬁécgﬁne

tile(s) may bescaydded-adut by Bbasthefore: fouimmt i an détt e t abgak iRRt eri al

(if the suppo&%ahgg aTﬂegh g%%q%gl%%bﬁigrquthgrlous §£dgorg%%h% d¥
(fused white alumina) grains, brown corundum grains,
alumina-zirconia abrasive graing, abrasgive grains

15 produced from fuse-cast slag particles (of the

Vasilgrit type), almandine garnet grains or else
angular steel or cast iron shot (this list not being
exhaustive) .

20 Preferably, the following abrasives are used: corundum
(fused white™ -alumina), - and ~alumina-zirconia (for
example AZ 24 from"Saint-Gobain Coating Solutions)
(this material is preferred for its high toughness that
limits fracturing of the grains and consequently the

25 inclusion of grain fractions in the surface - such
inclusions are deleterious to adhesion of the coating).
The average diameter of the abrasive grains is
preferably between 180 and 800 pm, depending on the
type of abrasive. The purpose of thig operation is to

30 give a surface roughness capable of ensuring correct

adhesion of the. tie sublayer or of the molybdenum-based
compound.

An alternative method congists in machining striations
35 that will also allow good adhesion of the sublayer or
the molybdenum compound.

Production of a tie sublayer by thermal spraying




the target material on the tiles in the case in which the support is not
strong enough. In the latter case, 5 the dinensions of the tiles will be
determ ned so as to mnimze the risk of them being distorted during the
operation of formng the target material by plasm spraying. 10

| MPLEMENTATI ON EXAMPLE The i npl enent ati ok exanple relates to a tubul ar

target intended to he ,used in magnetron_sputtering wth a rotating cathode.
The fol | owi ng*Pr GB&ESBiLgEs T r reghanipal: adhesiong gipokhet dhv@ckdqnads

austenitic staapbessfstpel t3efetds.a fOie exabDhPer XREY Nbd8pRodiiced by
X2Cr Ni Mb17- 12-%’ 1 surface preparation of the support tube by AZ grit
24 al uni na-zi FEGHIAT abr RN Bt i n'g],[‘lﬁo- SRS of "#he k Y

subl ayer by twpnveantivnat speaysig,spoanired pobcéseas rrakée Eepmnglisubl ayer

havi ng an Ni % ni,ckel (5% al um npogjtion. I n the exanple

descri bed,E!\It ﬁgotiﬁlé‘g%ﬁ Ss oélsaf%ngg keJ%#g)dgﬁ:gl ay%?}:%\glsn%’ nor%qr?acl rg% P 25-
formation of (Wérabl ghderinpactkyeghisl mlamet pregiget (wyusl asnepossayi ng
under the fol hawengiagndid i ens: eq‘ﬂi%r@‘xtt)o,rcgpk?ggﬁ | R, iRy lttﬁé" fydi asma

jet velocitycharacteristicsandconsequently 30sp ge particle,
charact eri sti ¢819Rr¥RLREIBY ac®lY 1L LhAHRsess uskhef @@yt en capin ng

jets directedspphoihbe gry@als sheseHkei 881di Srbutwtbasoindst g taich,

350 the \%'oq\qder gsed igr Bro ucitn t he t.artg)et was a noj ybdenum powder havi ng

Uhef ol ol thg EREFIBRLEYs PFEEESt 8g B Reral e A inte BRY IR i cHUIR FiRRter

particle sizeTH%6 Dmfrgtmon may be carried out in the ambient air
without this impairing the invention.

The tie sublayer material may be chosen from the
15 conventional materials used commonly ag sublayers:
- nickel or nickel-based alloys: NiAl, NiCr or
'NiCrAl; iron or ferrous alloys: FeCrAl, FeCrC or FeMnC
steels,  X2CrNilg8-9 or  X2CrNiMol7-12-2  austenitic
gtainless steelg, etc.;
20 - copper or copper alloys, such as CulAl, CuAlFe,
CuZn, etc.; o

-  molybdenum or molybdenum alloys: MoCu, etc.

The above 1list is not exhaustive, the choice of
25 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).

Formation of the functional film of the target

30 according to the invention, preferably by plasma
spraying

The functional film of the target is formed by thermal
spraying, preferably by plasma spraying, under the
35 following particular conditions:
' | - plasma spraying carried out in a chamber having
an "inert™" atmosphere, that is to gay one in which the
'6xygen and nitrogen content is 1low, the atmosphere

congisting predominantly of inert gas (for example



- 17 - 799.95%purity, with in particular 20 ppmof Fe and 600 ppm of
oxygen and o plasma spraying carried out with the followi ng paraneters: 5
a plasma torch with the foll ow ng paraneters was used to produce the target
of the exanple: Paranmeter Ar flow rate (slpm Hy flow - rate (slpm Arc
current (A) Spraying distance (m) Powdeir4fdow rate (g/mn) Value . 50 14
600 160 - :

argon), and the pressure in the chamber being between
50 mbar and 1100 mbar;

- plasma spraying using a reducing plasma gas.

mixture, making it possible to lower the amount of

5 oxygen initially present on the surface of the powder
particles upon melting them and during their flight
onto the substrate;

- use, in the immediate vicinity of the plasma
spray torch, of nozzles for blowing powerful liquid or

10 gaseous cryogenic jets of an inert fluid, the jets
being distributed around the torch;

- relative movements between torch and target,
allowing possible wvariation of the thicknesses formed
on the target and especially at the ends of the target

15 by forming additional thicknesses commonly referred to
as a "dog-bone" target;

- use of one or more powder injectors, allowing
better distribution of the powder within the plasma
jet; and '

20 - it being possible for the plasma torch to be:

o either a commercially available DC blown-arc

plasma torch;

© 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:
© Doy (diameter such that 10% of the particles

are smaller in gize than this diameter):

30 between 5 and 50 um;
© Dsoy (median diameter): between 25 and 100 um;
and

O Dgoy {(diameter such that 90% of the particles
are smaller in size than this diameter):
35 . between 40 and 200 um;
- pufity according to the purity objectives for
the target, preferably greater than 99.95%; and

- oxygen content: < 1500 ppm, preferably
< 1000 ppm or even < 500 ppm.



160 o surface finishing by polishing or machining so as to obtain a

roughness suCh that Rrnax < 15 pm 10 As indicated above,

t hanks to the

specific process according to the present invention, the oxygen content

in

the target obt-ained was 330 ppm |ess than the 600 ppmcontent initially
present in the powder. The 15 essential Xharacteristics of the target

obtained are given in the follow ng table (Target Exanple 4).

results according to this protocol with different powder conpositions,

conparison wifthea 20oE88H! t AMdNRMLPA HYOGM C |RbeRCEOhdi YKL the

i nventi on,

_Addi ti onal

in

are given in the taple bélow - 18_- Trial reference Process

“Oxygen cont enPOFRIPHR SOWRPENFR r GgctP et eRBa] htY hEYRSWIET k9 géhatont ent
in the targetcbhiéQgen&£DNY enbbiAihka t doetsfrALGRf di 84t Ohkhengnventi on

5

10-

15

20

25

30

35

lamellar structure (cf. figures 1la, 1b and 1c),
especially in the case of pure molybdenum targets, and
to obtain a target having an oxygen content of less
than 500 ppm directly, without a subsequent step such
as a high-temperature heat treatment in a reducing
atﬁospheren '

The fact of not using a subsequent heat treatment step
has the advantage of employing any type of material for
the support (tube for a tubular target or flat support
for planar targets), incliding supports having an
expansion coefficient markedly different £rom that of
molybdenum, such asg austenitic stainless steels, 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
an option, so as to further reduce the oxygen content

in the target thus produced.

Planar target case:

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;

- 1if the target support has a complex shape and
has to be recycled 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

- (called "tiles") which will be bonded onto the support;

- the target material (molybdenum) will be formed
on the support or on the tile(s) fellowing the same
procedure ag above; and

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



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

- 16 -

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,

5 - the dimensions of the tiles will be determined so as to
minimize the risk of them being distorted during the
~operation of -forming the target wmaterial by plaswma
spraying. |

10 IMPLEMEﬁTATION EXAMPLE

The implementation example relates to a tubular target
intended to be uszed in magnetron gputtering with a
rotating cathode. The following process wag carried

;5 out:

- support tube made of austenitic stainless steel
gsuch as, for example, X2CrNil8-9 or X2CrNiMol7-12-2;

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

20 - 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
gublayer was a nominal 200 um;

25 .- formation of the molybdenum active f£ilm on the
target by plasma spraying under the following
conditions:

-0 plasma torch imparting particular plasma jet
" wvelocity characteristics and consequently
30 sprayed particle cﬁéracteristics,
o target placed in a chamber,
use of cryogenic cooling jets directed onto the
target, these being distributed around the

torch,

35 o the powder used for producing the target was a
molybdenum powder having the folliowing
characteristics:

m agglomerated-sintered molybdenum powder
-m particle gize dso = 80 um



29 360 18 E According to the invention 526 29 360 19 According to the
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- 17 -
" 99,95% purity, with in particular 20 ppm of Fe
and 600 ppm of oxygen and '

o plasma spraying carried out with the following
parameters:

5 m a plasma torch with the following parameters was

used to produce the target of the example:

' ' ' . Powder
Ar flow | H, flow Axrc | Sprayving £1

ow

Parameter rate - rate current |[distance c

: , rate

B (slpm) (slpm) (A} (mm) .
| (g/min)

Value . 50 14 600 160 160

© surface finishing by polishing or machining so

as to obtain a roughness such that Rpx < 15 um.

Ag indicated above, thanks to the specific process

according to the present invention, the oxygen content

in the target obtained was 330 ppm, less than the

600 ppm content initially present in the powder. The

15 essential characteristics of the target obtained are
given in the following table (Target Example 4).

.Additional results according to this protocol with
different powder compositions, in comparison with a
20 result without a cryogenic jet according to the

invention, are given in the table below:



960°83 As the above results show,

the plasma spraying process with

cryogenic cooling jets distributed around the 5 plasna torch nakes it

possi ble to reduce the oxygen content
oxygen content in the starting powder.
very pure starting powder,

to avoid the powder

according t

PROPERTI ES A
i nve
utilization
pl asma spr ay
“hot-form ng
i nvention of

pr esent

t he ends of

erosion in t
0
Thi s makes i
even
As

nmol ybdenum b
20 character
filmwas depjosited,
substrate of
appar at us of
t hi
of the targe
t hi ckness be
production w

curvature,

75% or
targets.

mat eri al

targets, it

| evel s in ex
of cracking

t he target)

t hi ckness is
possible to
di scharge an

suppl i es.

10

|t

ularly a

vantaaeou

19 -

in the target conpared with the

i s thus unnecessary to choose a
especially sildce it is not possible in practice
10 containing a certain anmount of oxygen.

The process
the invention is thus parti

ND ADVANT
ntion have
f act“of! of
| AgFeOnRPAl e
pr ocesses

f Ay

! H8odd

because t

macacr hi | 1 f

NGES OF THE
b the foll

én%Eer

th

oW n
i afe

pro
g%
t

he ces

r

hosg wht ai

| ONg;RRggd AT

berties and

i n CPRHIARE ar

$ acc

neg bye t 1

rdin

gebﬁyg%ﬁco
tEngerts

e $hndneri
g to the
thaxge};‘n a

vant ag

cﬂﬂggoééh t
es: bdg

JbF%ﬁﬁﬁéﬁ b

Ng fothows
Dr esent

he
tter

y
d by

t he target
he zqnes ¢

t possi bl

T C1 S t hU —[IUJJ
Sicgordagt
orre
f the nagmetlc
b IhBentgoac

i

LA LI

ondi
i el

\/
oy T uvr.l\.l

' ng L9

L tRNESE 0
LELERERS | = = v

0 conpensate for th
t hq
d created
hi eve target materi

D bquing,

by the ca

e extensn

a s
tho&es an
al vields

al |
it hé&lr

greater t

t % ek heg
e localiz
adi u

s at
ed

s of
ghet s.
han

80% wher
a corol |l ar

ased B il ns,
i sti.c di mensken:iekh

83 o118,

y to usin
& &hebt

i el ds remgi n bel ow
g this type of tar

ai ne 7whos
t he subst

e Ri18 unilf or A4y pi
ate at the surface

75% in flq
et, fil ns)

especi al
of i 128, al
of which

it - profil g

ly
ong a
t he

3.20 mw
t he ¢' Nagy
ckness ran

O

glfpvgn‘t

devi ates_ by
RKPTATHI

ty pae by
he
ion

A

vl oney o~

No nor e 1
S neasurer
congsact | ¢
target be

rent

tween 1

+ h Apoci F

han—+ 2% for
is carried out
'SS 2 neasur enment ;

exan

nd 25 mMm

d |i'Fn+|v
O—11t

'e on a
usi ng an
23 W

et har an'F

the thick

de
ness

frey—be—gt
ng in fag
t hoyj

ess of 3

ey

S possi blle

tActte &
ghe
I'as
lapeEnt {anp

IUIIIH LA J

[
th
crease._in

ned by the

e@%r o[

Fal
LA YS \C Awxe ) |

t in AC

expected 30 durati
ﬂgn th

depositio

of
Ddquﬁ DC

n rate),

e CTTIrcT COT

on of
tub%lar
node W|th
M t hout th

(this

power
e risk

due to tH
pr the ri 9

reddted t
imt the

eAJc'E!?&ﬂE'

br az
o F%éhann
Vilveageonn

35 gradi g
e el ting;
unt 3% i ct
reded to 9

and

nt bet wee

|y riécess
ustain th

h the supy
because
g 20 -

ary ¥8r tH

ort tube

e usér, i
hi gh- powe

the nolyb

and
denum
I 1S
[

7 Thus naK

.‘F

e this taf
According

to the

invention

706

get conpg

tible wi

31

current

580

magnetr on

30

power

No
cooling

jets

560

29

960

83
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In the case of nonolithic tubular or planar targets 5 produced using the
present.invention, and in contrast with targets conprising assenbl ed

segnents, the followi ng risks are considerably reduced:

o risk of the

appearance of arcing, which generates parasitic particles, and the risk of

10 fragnents
is known to

of the target materi al béiﬁa Separated fromits support,

whi ch

sputtering b.§§§’“ #g&?g&&)%&%bﬁﬁgﬂggtﬁﬁk&hEagﬁyggﬁxgﬁgnun1fiInB o risk of

ei-at arget—Support—natet a the gaps between
segments; and 150 risk of thermal or mechanical failure of the bondlng

(braze or coqql%ctﬂa ccegreé{'ggoj{ Oegg:?;g}gegr%%%%tﬂ{‘g&gﬁ&g%% do t he
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matter of the fo]l ow ng exanpl'es were obtai ned é¥mnron sputtering of

various tar gefadbnt aPﬁed’u&é’@(‘}rUd"eng % Bhe BPBBPtéPt

and accordi ngtii® thenbay¥enbinan thixanplemet andrib)s makes it possible

15

20

to achieve target material yields greatexr than 75%, ox
even 80%, whereas the vyields remain below 75% in flat-

profile targets. As a corollary to using this type of

target, £ilms, especially molybdenum-based films, are

cbtained  whose Ry uniformity  profile, along a
characteristic dimension of the substrate at the

-gurface of which the film was deposited, deviates by no

25

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

width). This measurement 1is carried out using an
apparatus of the "Nagy" type by contactless
meagsurement ; ’

o wide material thickness range on +the target
between 1 and 25 mm: the thickness of the target may be

chosen according to the desired lifetime thereof (this

30

thickness Dbeing in fact determined by the expected
duration of production without stopping the line) ;
o in the case of tubular targets, it ig pogsible

to bilas the target in AC mode or DC mode with power

- levels in excess of 30 kW/m (increase in deposition

35

rate), without the risk of cracking (due teo the thermal
gradient between the support tube and the target) or
the risk of braze melting; and

0 because the molybdenum thickness is reduced to
the amount strictly necessary £or the usger, it is

possible to limit the voltage needed to sustain the

ek Fptaed Brd 3)
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high-power discharge and thus make this targét

compatible with current magnetron power supplies.

In the case of wmonolithic tubular or planar targets

5 produced using the present invention, and in contrast

with targets comprising asgembled segments, the
following risks are considerably reduced: '

o risk of the appearance of arcing, which
generates parasitic particles, and the risk of

10 fragments of the target material being separated from
its support, which is known to be a source of
contamination of the molybdenum films; '

o risk of sputtering braze material or target
support material via the gaps between segments; and

15 o risk of thermal or mechanical failure of the
bonding (braze or conductive cement) to the support.

The targets according to the invention are particularly

intended to be wused in ‘a vacuum film deposition
20 installation (magnetron sputtering in an inert or

reactive atmosphere, -especially by magnetron cathode

sputtering, by <c¢orona discharge or by ion beam

sputtering), for the purpose of obtaining a film basged

on the material forming said target, this film being
25 molybdenum-based.

This molybdenum-bagsed film may'be deposited directly on
a substrate or indirectly on another £ilm which 1isg
itself in contact with a substrate, it being possible
30 for the substrate to be of organic nature (PMMA or PC)

or of inorganic nature (silica-based glass, metal,
ete.).

Thig thin film may form an electrode for a photovoltaic
35 cell or panel, or else it may form part of the
constitution (interconnects, etc.} of display screens
using TFT, LCD, OLED, ILED or PED technologies, or any

other assembly requiring a thin molybdenum £ilm of good
quality.
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The films forming the subject matter of the following
examples were obtained by magnetron sputtering of
various targets obtained according to the prior art
5 {(Examples 1 and 3) and according to the invention

(Examples 4 and 5):
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- Plasma spray (prior art) Plasma spray _ Plasma spray 1 rel - 23 -
The thin nol ybdenum based filns were deposited on extra-clear glass 3 mmin
t hi ckness, of the SGG Di amant extra-clear glass type. These filns were
deposited in a horizontal magnetron deposition nmachine provided with a 5
mol ybdenum t arget according to the invegBion, this target being supplied

either in AC node hy a Hat inq?fgr BI.GL50_power supply or .in DC npde by a
Pi nnacl e AE %r 1gﬁlﬂ'bl yrohyhdrnim R3RRA pl BsHeS of Yat0 sEERPEEERD | ATt he
case of Exarrm;asfal-camulzl etk 5090 mcma&llgmﬁ@@sd,looEXQFQI g@ezniamaiég 5.I
Conment s: - anpl e 4 versus e 1. and Exanmpl.e 5 versus Exanpl e
2: identical Bt ae_th[&ee;Q)%equaoﬁ'sfm%e Fgfnn%)%% éltjsfrfl%r‘ﬁ%fe o‘lielf’(ﬁ%”f%%eh’f‘i 8n
conpar ed wi t herlvgitgumagnatargetdepos eiqn irnaclainte Poovadedxydeh eont ent
< 450 in , t .(an her, the resikstivity)
PP, M@,ﬁ@éﬁﬁ& SR GRRANLEN LAndpLhenglabe b T eRls

inthe filmis governed by the limtin Suum inthe depositi on chamber
(amount 20 oftasgeferbaing | avpeliederitherr ési d¢almgieshyra) Hittinger

Exanpl e 5 Yer§1§1§@<aﬁgh%ﬁ33sub§;§i;tﬁr cRerfQr mnceokl e harmiginAAGOr dieng to
the invention co?n]lpared Wi th the target according to'the prior art. \Wen the
oxygen cont erROYSE tFHRPRLY getl ek R 3800 BhATMehefogffeficom argon in

the case of Examples 1 and 4 and 600 scem argon for
10 Examples 2, 3 and 5.

Comments:

- Example 4 versus Example 1 and Example 5 versus
Example 2: identical or better performance for the
15 target of the invention compared with a high-purity
target :of the prior art. For an oxygen content
< 450 ppm in the target, the oxygen content (and
therefore the resistivity) in the film is governed by
the limiting vacuum in the deposition chamber (amount
20 of oxygen available under the residual pressure);

- = Example 5 wversus Example 3: better performance
in the target according to the invention compared with
the target according to the prior art. When the oxygen
content in the target exceeds 500 ppm, the oxygen

25 content in the film is governed by the purity of the
target.

The targets described in Examples 4 and 5 generate a
perfectly stable plasma -under DC or AC bias without

30 significant arcing throughout the lifetime of the
target.

As a wvariant, if a target possibly obtained by the
process according to the invention isg sputtered, this

35 target possibly containing at least one metal cation
belonging to the (Fe, Ni, Cr, W, etc.) family, a film
also having a certain content of these elements is
obtained.



25°content in the filmis governed by the purity of the target. The targets.
described in Exanples 4 and 5 generate a perfectly stable plasnma under DC
or AC bias without 30 significant arcing throughout the lifetine of the
target. As a variant, if a target possibly obtained by the process
according to the invention is sputtered24his 35 target possibly containing
at |east one netal cation belonging to the (Fe, Ni, C, W etc.) famly, a
filmalso hahfify £OBEERE no€onfehioBict hburuetehent i1 s Bobthifedfilm 22 -

The content QfrcaRidedni ExrbRAPW | bbearkn whiddth Erbbpraduaadingm anigtary
target stens ﬁpractlcaIg% only E‘hom t.he tarag_g. This is bec usg ttlfe rotary
technol ogy eliTfi™hatds SRFIRbmdRdft &5 eaiientiy TREST4r EEF BPi-ogY

cl anps) and tdlenefrertee| ialilnateesnypamermpassifloid | thasaknpagaskhiec spugkeri ng
above thegglass._In ppl.i;cat] he jstivity of the.thin M film
is especi gl I ;a/&g'oev'er%fer%ﬁ%sflﬁt Eédo%;lé%rr&&ﬁ\et evi isr;f?lnr?al"_da% h%n¥i P%Ssﬁkjl?%ty
particul arly @pernasit io snut rezdana owoittentglsesas to maintain a mni num
| evel of oxidation of the filmand therefore to obtain a resistivity close
to that of pure nmetallic nolybdenum 15 The oxygen content of the film has
two origins: ¥#)MBRygAPRIiG AN g FRB8muSFE stdsiigival oht fbepHerEn (Mpasi ¢
vacuunt') bef of €l n&éocggrﬁécpirhquytﬁ@vé@ﬁéaerﬂyngtﬁés Adehl | JoXAGEN in

origi natiflrag from{ﬂ@%t aﬁ}et. 20 Thus ii is EOSSi ble to calcul ate_ the :
amount  of Coxydh br et cif 1 PoFhe FRYRELY niPREEFBRY bbeN AL AR EBdfng from
t he residual oxygsi: past aal tpr essiurteiim 4 helspuih elecoat 6F, oktdidag iohe
followng: J e g fLux hi | ass_duri 25 depasition) =
3.51 x 1022(|\58§ éﬂg})f-% %q?), th E%ggﬁﬁzggsgpﬁggﬂoﬁegﬁ éf’g%‘efﬁgﬁt HPEene
oxygen gas, Tt¢sthae efernperatngttal hikehtolybdgma®P. i s the pressure in torr;
and Jno (the amount of Mo on the glass that can 30 react with 02) = VD, Kk,
X Nrc" where Vo is the M deposition rate (in cnis) and Nno is the anount
of Mb at 8fs pEPe cREYPRTa FRigFRLF orfmethe Mililm (DS atteivs/ eRByinassidiing t hat
al | the oxygeskEgsh Ngridiva€ongactom the3sekhguan! xal@d@@gme% theagukstrate

reacts, it |sv£gggrh,p)l ebé-gocal cul ate the Maxi frum ex ect ed oxygen contdent in

t he re 1introduction © puttering“gas an

(ii) oxygen originating from the target.

20 Thus, it is possible to calculate the amount of oxygen
theoretically included in the molybdenum £ilm, coming
- from the residual oxygen partial pressure in the

sputter coater, using the following:
- Joz (the oxygen flux reaching the glass during
25 deposition) = 3.51 x 10**(Mg; x T) Y2 x P, where My is
the molecular weight of the oxygen gas, T is the
temperature in kelvin and P is the pressure in torr;

and

7 - Jme (the amount of Mo on the glass that can
30 react with 03) = Vo X Nmo, where Vy 1 the Mo
depogition rate {in om/g) and Ny, is the amount of Mo

atoms per cem® in a magnetron metal film (in‘atoms/cm3).

Assuming that all the oxygen coming into contact with

35 the molybdenum on the substrate reactg, it is possible
. to calculate the maximum expected oxygen content in the

Mo film; for a given deposition rate on sputter coaters

of 8 x 1077 em/s, the residual oxygen contents in the Mo

layer as a function of the residual oxygen partial



M film for a given deposition rate on sputter coaters of 8 x 10-7 cnis,
the residual oxygen contents in the M layer as a function of the residual
oxygen partial - 25 - pressure are obtained as given in the foll ow ng
table: 1D22(nbar)in the sputtering atnosphere Cal cul ated oxygen cont ent
coming fromthe vacuumin the Mo film(@®y 10-7 1000 5 x10-8 540 2

- 08
x10-8 250 1§¥%ssure are obtained as given in the following table:

pO; (mbar) in the Calculated oxygen content
sputtering atmosphere coming from the vacuum in
- the Mo f£ilm (ppm)
1077 ' 1000
5 x 10°® 540
2 x 107® 250
1 x 107" | | 110
5 x 107° 54

The -minimum. residual partial pressure measured in the
5 sputter coater 1is conventionally 5 x 10°® mbar, i.e.
about 540 ppm theoretical oxygen. It is therefore
unnecessary to use high-purity targets with an oxygen
content well below 540 ppm since the influence of the
target. on the purity of the final film is masked”byrthe
10 oxygen coming from the atmosphere in the sputter
coater. The invention consists in choosing a less
expensive magnetron technology ‘for producing Mo
targets, the oxygen content - of which is less than

1000 ppm, preferably less than 600 ppm and even more
15 preferably less than 450 ppm.

The residual content of metal cations (Fe, Ni, Cr, W,

etc.}) of the thin Mo film obtained within the context

of the invention is less than that of the films
20 obtained by conventional targets, for two reasons:

- the film of the invention is obtained by
sputtéring a monolithic target. (one single segment): no
risk of sputtering the backing tube {made of titanium
or stainless steel) or the material used for bonding

25 the Mo to the backing tﬁbe (for example indium); and
~ the film of the invention is obtained by
sputtering a target of high purity in terms of metal
cations, this being -dependént on the choice of
technology for producing the target and on its

30 implementation: choice of a raw material powder of high



110 5 x10-9 54 The mnimumresidual partial pressure neasured in the 5
sputter coater is conventionally 5 x 10-8 nbar, i.e. about 540 ppm

t heoretical oxygen. It is therefore unnecessary to use high-purity targets
wi th an oxygen content well bel ow 540 ppm since the influence of the target
on the purity of the final filmis nmasked by the 10 oxygen coming fromthe
at nosphere in_the sputter_coater. The invention consists in choosing a | ess
expensi ve madhtttoh EBEhARTRAPS oPLpridfucEAEo®b £ar getasma hEéPsRYERE  cont ent
of which is less. thattho00 ppmrgief eeshtict espeth@Rnb00:REM apdaougn nore

15 pref er abl han 45 Th i dual t f . metal cat Fe,
W Co et RATE AR PRE ¢ T Rabi ikt WA nERCEE: DB BB (e

i nvention is ¥ekbindiahethat.quést heoof i tomst 26t obtlahnedtayl cpavest bapall
targets, tor ons: 4 4 il e invention is abtained by
sputteri ng a ('Ir)r%lr)l% i thi ﬁ%ﬁ%le?sio%\ggesﬁt ’ng%ﬁ)isettgén}%’nt r]C:éa'no"’ugel sﬁ?so * peUt tering
t he backing tube (made of titaniumor stainless steel) or the material used
for bonding 2Bhd hen yiaehhig Dagking tabes{digly exapp! e iddi Yype,pad _
the filmof the jnvention is obtained by sputtering a target OF hi gﬁ purity
in terms of nMeYRIC¥MY RS this being dependent on the choice of technol ogy
for producing the targetiamnd eontéfit30fi MBkeMeRhat 5ONppa)okse rakag1iaw

mat eri al 1B°Wdfésé)f haiu?h - 26 - ‘ﬁ‘?/rity and form ng of the target by plasnma
sprayi nglli . e U tHOUE R BMIARY  bet ween the sprayed ol ybdenum and
metal parts, as in exarwstlonl orotiotrnt obf i hepd adiem qUES P Dodtact wWith
metal parts based 5 Lo U Al t ten,_etc._a ossi bl e.
The 'mol ybdenum film g%c%%%%uﬁoééﬁ%gﬁﬁvgﬁsf%%s t%alq‘(?:aﬁ]f%%’s:an&/%lp

an iron content of | e3stURPFFCHD ppatept eblrkddy tioan eb0 them. 40 ppm and/ or
a nickel content of less than 10 ppm and/or a chrom um
content of less than 20 ppm and/or



a tungsten content of less than 150 ppm - 27 - CLAIMS 1. A target of

nom nal

| ess than five tines,

t hi ckness (e), conprising at
conpound,
oxygen content of
even nore preferably |ess than 450 ppm @hd 10- an electrical resistivity
preferably three_tines and nore preferably tw ce the
theoretical electrical resistivity of qqﬂ?”ﬁanpound. 15 2. The target as

clainmed in the preceding claim characterized in that

| ess than 1000 ppm preferably | ess than 600 ppm and

| east one add&gionAe%%gﬁgE qﬂpsggmgﬁggy% g%_b%g%t?%gbiug%mﬁgg%ﬁ%gr%ﬁﬂ

chrom um

t ungst en,

I"um “copper, zirc mi u

| east one nol ybdenum based
characterized 5in that it has: a lanellar mcrostructure;

it also includes at

rhodi um 20t he tarb@@Shavhﬁgm@lﬁbdensm%bbyedebgmpoahdth@haddbtb@ﬂzebbnept
or the adgjtion e|§HE@E§% §tTy%S§arget as clainmed in claiml1, characterized

in that

it

i s conposed o
that may range from 1-ndl lape

nol

denum and silicon in 25 nolar proportions
pypbaeRupspERCBU®! of silicon up to 5 nol of

m]9l y_bfl,enum per 1 nmol of agi | 6£pGenPr €60EaH Y de Milef mHpPdaRHIH PEt, 2 NOI
0 St i1 con.

the lanell ar

of 1PRE t 80 ¢ GRbsi t AIANndSEBRpr MOES

| arel | ae of pure nprybeeably| Lasaposen 466 hopmredhde of pure silicon.

5, The targgt as claimedjn ghalfideahn YLeD iL; b mdg.of (FBLybdgnum

28 -

15

20

25

30

35

times, preferably three times and more preferably
twice the theoretical electrical resistivity of
the compound..

The target as claimed in the preceding claim,
characterized in that it also includes at least
one addition element <chosen from vanadium,
niobium, tantalum, chromium, tungsten, rhenium,
copper, zirconium, titanium, hafnium and rhodium,
the target having 0.5 to 30% by weight of the
addition element or the addition elements.

The target as claimed in claim 1, characterized in
that it is composed of molybdenum and silicon in
molar proportions that may range from 1 mol of
molybdenum per 5 mol of gilicon up to 5 mol of
molybdenum per 1 mol of silicon, preferably 1 mol
of molybdenum per 2 mol of silicon.

The target as claimed in c¢laim 3, characterized in
that the lamellar microstructure of the target is
composite and comprises lamellae of pure
mdlybdenum juxtaposed with lamellae of pure

gilicon.

The target as claimed in claim 1,'in which 1t is
made of molybdenum.

The target as claimed in any one of the preceding

30 4. The ar%gtyas clained in claim3, characterized in'that
m cr o8t Tt

35

an



clainms, characterized in that it has a planar geonetry. 7. The target as
claimed in any one of clains 1 to 5, 5characterized in that it has a

tubul ar geonetry. 8. The target as clained in claim7, characterized in
that it has additional thicknesses of material at each of its ends. 10 9.
The target as claimed in claim6, chara&frized in that it conpri ses one or
nore parts on which the conpound is deposited; said part(s) is Sare) ei t her
a planar support thi®sm Eélaf‘?aﬁt@d’l&ﬁﬁo én15§]%'t3te¥t'r nd*afacldi nelapar

i ntermedi ate partggddmaitfe then bonded onto this support. 10. The target
as claimed in claim8, characterized in that the additional thicknesses are
around 25 to 2050% of the nom nal thickness of the conpound |ayer. 11. The
target as cl af nmed The damrgste a¢ claimsd linoadP, onbasficttaimedli Bot Bat it
has a dengity of g{%;étéf%c?%% &f erabl v reaher trh n 90%r 12. The
target as clainmed 1 n any one e preceding claimns, cha S Yed in that
the nomnal thickness (e) is between 1 and 25 mm preferably bet ween 6 and
14 nm  13. Tge tangstt @éaaaeélaﬂmgaylﬁnelgimt he ehﬁgsegggl%a'
characterized in that it has an Jron content of |ess

preferably |ess tHaPB5Ipphes1Addd ngrlgdihigkngagare et nméF\?réﬁ &t the
precedi ng cl ai ms, «d¢h asgff eftgeshds that it has a purity of at |east 99.95%
- 29 - 15.. A process for producing a target by thermal spraying, especially
by pl asma sprayi ng by nmeans of a plasma torch, said target conprising at

| east one rml?bderﬂ:tm biaaﬁgletoapouhal;medialiactéaﬁmeﬁ inhhhrattaﬁ::.lzedstlrpne
fraction of said t}qse%r rgrpé &Ep% gr ar Sos(_l’ﬁl% 0{1 s
conpound i s spraye errra spraying on &Fist-"ond” sttt dte (?rtlon
of the target in ﬂpmmlﬁdga‘ssat%BQﬁ@t@d,anaam t hartpener fisl deyegeni c
cooling 10 jets digpeied Qnﬁqahaﬁ Q)%trtdltrl'!aﬁ:g &4 ﬁ@”fiéega' BH

di stributed around the torch are use . The process as c alrre |(r‘j1ﬂc|a|m
15, chardcterized Sl%ufrihe¥ﬁé$ F‘ﬁ%hi‘:ﬁﬁpé’ﬂfndlqtse@tﬁddyﬁet@ iprat ehbhBEr ateat has
been purged or ri nsiesh dnshdd@nohtd | €6h s ddppdyer t gas, up to a pressure that
may range from50 rrthar to 1100 nbar, so as to create an oxygen-depl eted
at nosphere within it. 20 17. The process as clainmed in claim15 or 16,
characterizedifn tTlee thegé¢beasnblapmasli ng icdadar B, edieitadrerd zpldasmm torch
and in that the pl ed g_(capabl e of .25 redum ng
t he oxidi zed noly %’Zén%mgg%ntrgeﬁwl%rtﬁ Fhfc}(rt'lgési%%g ag: arouv%g g
pref erabldf t he con%@)%l@f om® fnahiaLag) até’#mkg?@sisrrmft ltl‘-lhe Gomppusdnéamre t han
10% hydr ogen or .anot her redu0| ng plasma gas. 30 18. The process as cl ai ned
in any one of clalms 15 t

The target as claimed in any one of claims 1 to

10, characterized in that it has a density of

greater than 85%, preferably greater than 90%.

25

12. The target as claimed in any one of the preceding
claims, characterized in that the nominal
thickness (e) is between 1 and 25 mm, preferably
between 6 and 14 mm.

30 ' _

13. The target as claimed in any one of the preceding
claims, characterized in that it has an iron
content of less than 50 ppm, preferably less than
35 ppm.

35

14. The target as claimed in any one of the preceding
claims, characterized in that it has a purity of
at least 99.95%.



17, characterized in that a keying sublayer is deposited, before thermnal

. sprayi ng of said conpound, on the surface portion of the target in
guestion. 35 19. The process as clained in any one of clains 15 to 18,

" characterized in that the target is thermally regulated during the plasma
spraying. - 30 - 20. The process as cl &>ned in one of clains 15 to 19,
characterized in that the powder conpositjon of said sprayed conpound
conprises powder pPar BTAES i % RLRAMHG i tut i FFEPvePhy Bhermy < 50
pm 525 pm < D50 spiQ@ipiki, adsbdOially BYO0 126 pBpraFindhenprasgss as
clainmed in one of Cfl ai rBr‘?_ 15 tot20 characterized in that, the ox%gen cont ent
present in the ta‘get® iFr BT i S hor B2 T9En ST TN orhah® e Akt
initially present ang t helybdenhung beewder coRpouiile pcbeesstasiekdi med in one
of clai ms515 to. 21:’haq:h t:a.cfeeo{s!tzecq'lé nff@@t;iéﬁ %PCA;HP&SC %c%?ﬁ&%@%helS heat
treatment step in a reducing atnosphere Tor the purpose reduci ng t he
oxygen content prdsam ¢h sheawdegetconpesithent afr malidsprenponndt ep. 23.
The process as cl ajgmddd 89y eAerRh1C! 8bMByiRgt ontk) 24 gRaLactgpibzed in
that several conpound'injecfors are used for injecting, at di fsf erent points
of the thermal jetSUrhidd%r BRECARRer PRI SHer CRREER tHe i3} ed¥®dH pdRdneters
are adj usted i ndepsdaiiHareacemdi g tBat hgowdtLll aksybgesctedoddiAgo each
i nj ector, 24. A target of .norritn | thi gkness %e), co%isi ng_.at Iea,rs:t one
mol ybdentifh based &()e%pgounﬁi,lr\?ﬁi € caf™h8 obtif nedBPthe ¢Es ad®El ai ned

in any one of 30cl@insiiiitie?3and5diAtmbybdédnamcbhasedd | oobih abred by
sputtering the target;as claimed in any one of clains 1 to 14. 35 26. A
process for producing a nol ybdenum based film especially a nol ybdenum
film obtained by sputtering a target, characterized in that the target is

obtai ned by the, Prafessrésess ahied1iinRRY QhePiik! 85 M barketddizey 31 -
26. 15 in that the compound is sprayed in a chamber that
has been purged or ringed and then filled with
inert gas, up to a pressure that wmay range from
50 mbar to 1100 mbar, so as to create an oxygen-
depleted atmosphere within it.

20
17. The ©process as c¢laimed in c¢laim 15 or 16,
characterized in that the thermal spraying is
carried out by a plasma torch and in that the
plasma gas mixture used 1is reducing (capable of
25 reducing the oxidized molybdenum content initially

present in the powder), preferably the composition
of the plasma gas mixture comprising more than 10%
hydrogen or another reducing plasma gas.

30 18. The process as claimed in any one of claims 15 to
17, characterized in that a keying sublayer is
deposited, before thermal spraying of said
compound, on the surface portion of the target in
question.

35

19. The process as claimed in any one of claimsg 15 to
18, characterized in that the target is thermally
regulated during the plasma spraying.



5 27. 28. 10 15 29. 30. 20 An MbSi2 filmobtained by sputtering
a target as clainmed in claim3. A flat display screen that includes a film
as clainmed in claim25. The flat display screen as claimed in claim 27,

whi ch screen nay be obtained by one of the follow ng technol ogies: TFT
(Thin Film Transistor), LCD (Liquid Crysthl~ Display), PDP (Plasma Display

. Panel ), O_EDEéOrg ic Light-Emtti Eng 8de), | LED (I norganic Light-Emtting
Di ode) or FEFF{Fi ERTSSTHR BF spi-3y oA SeCoritfuct Bt nponkAt 10hat
includes at |east dnecddtdeniased| dnneehatt ehal hakdeFhe-diggo it id | bl as

: : . . . : 7 . :
o orant O3 M AP BpHaEA elifod T LERbEECE" SoRidl CBATHELTL,
' with a size distribution given by 5 < Dip < 50 um;

5 25 ym < Dsp < 100 pm; and 40 pm < Dyy < 200 um,

21. The process as claimed in one of claims 15 to 20,
characterized in that the oxygen content present
in the target in oxide form is more than 5% less

10 - than that initially present in the starting
powder. ' '

22. The process as claimed in one of claims 15 to 21,
characterized in that it includes a subsequent
15 heat treatment step iﬁ a reducing atmosphere for
the purpose of reducing the oxygen content present

in the target after the thermal spraying step.

23. The process as claimed in any one of claims 15 to

20 22, characterized in that- sgeveral compound
injectors are wused for injecting, at different -

points of the thermal jet, different materials for

which the injection parameters are adjusted

independently according to the materials injected
25 into each injector. '

24. A target of nominal thickness (e), comprising at
least one molybdenum-based compound, which can be
obtained:by the process as claimed in any one of

30 claims 15 to 23, o

25. A molybdenum-based film obtained by sputtering the

target as claimed in any one of claims 1 to 14.

35 26. A process for producing a molybdenum-based film,
especially a molybdenum film, obtained by
gsputtering a target, characterized in that the
target is obtained by the process as claimed in
any one of claims 15 to 23.



10

15

20

26,

27.

28,

29.

30.

- 231 -

An MoSi, film obtained by sputtering a target as
claimed in claim 3. '

A flat display screen that includes a film as
claimed in claim 25.

The flat display screen as claimed in claim 27,

which screen may be obtained by one of the

following technologies: TFT (Thin Film
“Transistor), LCD (Ligquid Crystal Display), PDP
(Plasma Display Panel), OLED (Organic Light-

Emitting Diode), ILED (Inorganic Light-Emitting
Diode) or FED (Field Emission Display).

A semiconductor component that includes at least
one film as claimed in claim 26.

The use of a film as claimed in claim_26 ag a mask

in the fabrication of a semiconductor component.



