Mol ybdenum based target and process for producing a target by thernal
spraying 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 invention,

it also relates b t i L

i npl enenti ng sai%ﬁ?’gg@sﬁ gﬁgg%pﬁg%s%{% so%%%§a_mto%‘1r g‘%@%ﬁ%% pur pose
of obtaining films based on &#rgafatdr thersplt $R¥ABHLGF om sai d target, and
also to a 15 conposition of the conpound for producing said target by the
process accordjng to the inventiqn. Vari ug techiques for nanufgcturing
targets, includithg BT pdWder- 18y m%?&% &Chnitques” aP & Krown. “Thus, the
20 target s5i n muesiciog rmaytaesat t ihtended cast brg yrastedss depaspbigier
sintering pro ofs@bkowed v of A5t ngn ORErALd RIS, 0.0f L 8N Ot i fig, and
then assenbly "on a support, or direct assenbly of sintered segnents, or

| ess convent i difAAY-V& @éE‘HﬁPE%Eeofeﬁlﬂ%ﬁ:hﬂlysgyaﬂa\g&eér‘f&nZ@pHB?%rmg

particul arly amplasmenspeayi sguteehiriqque. These targets are intended to be
used in processes commonly enployed on an industrial scale for thin film
deposition, especially on a glass substrate, such as 30 for exanple the
magnet r on 18puth®ransg ngr deesxioghet MaPgsttocissthe prashel ¢y cteafed®in a
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eposi ted. active species of. the plasm, by ardi ng rget, tear
off said ele s%mR&ﬁW§$%§§gaF@l§e63§RF§3 gﬁdtﬁg gg%%t%%.e?£f%?%?ng t he
desired thin fidnmget] farthgspavificsecase dftagriaggéilingt baged fbr tdepositing
rrFI ybdenum a deel%qlt I yﬁ?gﬁ@%“ﬂemprm&argf&; ﬁwsg@s%r nahi gh ]ghteh

pl asma i s _conposed aonly o sputterin as, prefera an e _gas o e
Ar, Kr, XéJor q@@ﬁ%ﬁﬁiloﬁhfggp?‘%eggm?g ?%p?%ﬁeﬁf@gu?b?glﬁ?bg §85§?Eates and
may enabl e t hilmy fiderprioaebe deposiimg ton thesubsenaties, for exanple flat

gl ass sheets with sides of nore than 6 min I ength. These targets have a

pl anar geonetry or a tubular geonetry. 10 Planar targets have_the advantage
of being able %rwq MHeEPPACNESi AoEaf'RBHERCHET ¥ dtdnastyp sitmpleding
architecture ceosparied pavide rcgohadas dedhobdnesk t afeotiargwrt.amgpets, thhi ch are
much nore . conpl ex. ve r S e.a il:i.zati ctor
which is é%her%%%?9§%$§5r&?%gésgﬁhT%i %gggg% FE§¥0355 3%h§o%g?3?%grgets
that have a ut®¥i Zat iPoWIEsct B NEYBHELANtRRHAASPSgr Al £PWeRaB50%erming

operations, often hot forming, and then assembly on a

support, or direct assembly of sintered segments, or
less conventionally a technique of thermal spraying and

25 more particularly a plasma spraylng 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 nonreactive deposition process



20 In the specific case of thin nolybdenumfilnms, nolybdenum being a
particularly expensive netal, it is preferred to use rotary targets of
cylindrical geonetry, as described in the patent US 4 356 073 since these
targets have a material yield (representing the 25 proportion of sputtered
material relative to the anount of nmatertial available on the target for
producing a thin film of greater than 70% preferably greater than 75%
However, varidws wséér imagnetcion thar getageoméer i @srmsedknowhy pifarar (di sk,
square, rectangiiab) ;3§ %%rretprfe%%rae@yt he ropientdaan 4 @lSonAppkicabl e to
geonetries othér than cylindrical ones: The, follow n %eﬁatu e data for
pure nol ybdend® 0% JeveEiPBel RRIS3RIWSERS t5 1P L0 937 O% h

expansi on: 4. &ul¥tGaked; andomag' snabbel tisin 324 el be elb@osnteal on

resistivity 51%%§%%Eggﬂ ?her%95$ﬂ?% fﬂgg as theet 39 WU AKs 1928 oF

nmel ting point nore, there a SO0 ot her vacuum processes
for depositi ngtaHs] )Fb@énémﬂot—ﬁe?ﬂe@%%lh nagnetron sputtering 5 using a target:
t hese include | aser sputterlng (laser ablation using a pulsed or continuous
| aser) and ion, beam utte for exa Ie The rocesses

benefit fromt l?se%§ ?ar t° afeol dfhy t &) ﬁ‘%tg ven |gan rr% ;s§r egar ds
nore parti cul ardgmeahrlyybdenum magnetron targets or those nmade of other
refractorygnetal s, many inventi ons have been filed relating to the

foll owi ng processes and form ng‘{ sub‘%iect matter of, the }gflit ept 5%5
applications 15748 B SRTS BR%ntP QpptT THta B L EP AL 842818, T usPe

2008/ 0193798 airtkd@a2@@6/ 04iiv30: c2bhdessi ngft hemedphtieeling oBimpléngot or
2 Pretorm (Undsfe/f RSN £o06200 LOcR50,MRaIandal: B domper abbeyof 1760
to 2175C) followe ng (at about 900C) re orm%
rolling or ext‘i@i@ﬁﬁror‘“’ffjdi*gl?tﬁe TRARr APFY, CPWP%eBr 0@8§§V8Esop|lﬁeﬁﬁdes a
heat 25 tneat n&nﬁgdtﬁa hysv@gan Wi la raaduwei Nt edarosyhiaste A afetherrafldyr educe

the oxi de cont the targeéhaﬁg gRL! enal ly 3 %}olr ngt%toﬁ‘&Né%%@%gfll7145

anneal ing trea from patent a

30 is the corrpﬂett‘e bﬁvfaarétlatlébﬁ%’ﬂf%t ﬁéﬁtoér 5 ﬂiétl*atﬁéiﬁy GFrep&rget s by
col d sprayi ng, t W adpeconsi sts in spraying a gas/ powder m xture at
supersoni c velocity, the powder not being in the nolten state, thereby

differing fromthe thermal 35spraying processes. Although the above
docunent s 24l solrwovehet hepprodlict i oase of thin molybdenum films,

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
these targets have a material yield (representing the
25 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
are known: planar {disk, square, 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: 4.8x107® K*;
- Young's modulus: 324 N/mm°;
- electrical resistivity: 5.34 npohms.cm;
- thermal conductivity: 139 W/mK;



of targets having various conpositions using these nethods, pure nolybdenum
‘targets usuallTy have the - 4 - following 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 ectzodes for photovoltaic applications
‘based on an active material belonging to the chal copyrite famly 10 (C'S or
Cl GS for exanple). -Mohgbtdénunpermovi ds308 CQgood conpromn se bet ween el ectri cal
conductivity (less than 30 pohns.cn), tenperature resistance (refractory
properties: nmel tingpoint: 2610C) andhi gh sel eni zati on resi stance. This is
because ol yb@é‘rﬁ%ﬁeﬁﬁ@r% shRrgherer edisgr SHE8Tt §2CHEMS BFRAPERTT | thT

at nospher e usefkpdyiitaggt e 1GbAcanunCl dh«aeposat i angatepon Nelpybdeniny reacti ng
on the surface vvlth seleniumtpo form an e Si ye hout

| osing i tsgel ectticat ](E:%n%ﬁ]ct i gn %?olgr }le<§§ %a?@? éﬁ%k@gﬁ? Ierﬁi\g\én]t:fl | m 20
transistor) appiliatdcnonssineatar gyhpre o r@fﬁﬂylul%w deFsat) (arm nkehe")

densities. Ma)ﬁe@ﬂn dﬂ@@r@en@ﬁlsﬁa@ﬁléo%m@sw Fbo@e%@& ey weesol and 5
pm may especi 0@3 nt| o] . Such allt%/ eve can ,be achi e\t/ed only if
the sputteri n}ed{ déss* e dU8f % Fr9al aE%"Fﬂ%i‘%b Gty T3¢ t he
arcing type. Tihwentsoaspecially possi ble when the target has significantly
no porosity, i.e. with a density of at |east 90% Although the processes
for obtaining a target by plasma 30 spraying are _known not
properties simd arr {5 1o s "V ai AREE Jp?‘éilﬁrcﬂdsl )}“Ojtﬂ]?éieﬁﬂl@seﬁlaglrl%%ﬂ{ll onis
appl i cabl e to apacess fidrogy adit g aotadry haefirsmstbagyedietai get mbyypl asma
spraying that gfférs aer hoiIBngechn diseqal.dieasheeaual the, ddiBatnbet ter
t han, that 35 ‘obtained by convent | onal ranuf act u ng processes. this
pur pose, the REESSeEcENiMFiag Ads rﬁ}@melcénméfceﬁr Séué?lhﬁgpétﬁaFget by
thermal sprayidgghliesRaengl by sbgdpbassm: sprayi ng by neans of a plasma - 5 -
torch, said target conprising at |east one nol ybdenum based conpound, is
characterized in that at |east one fraction of said conpound in the form of
a powder conposiRdtemtofapgdiigacéapeui@ iLs78praled By 2HE/PaI93598pragi ng ont o
at | east one surj@ceor9iotionoef the target in an inert gas atnosphere, and
in that powerful cryogenic cooling jets directed onto the target during its
construction and distributed around the torch are used. 10

20 Pressing then sintering of an ingot 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 1in 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
restoration, of targets Dby cold spraying, which
consists in spraying a gas/powder mixture at
supersonic velocity, 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 wvarious compositions wusing these
methods, pure molybdenum targets usually have the



It wll be recalled that fluids with a tenperature equal to or bel ow -150C
‘are considered by definition to be cryogenic fluids. 15 The use during

pl asma sprayi ng of cryogenic cooling jets (cryogenic liquid jets or m xed
cryogenic gas/liquid jets or cryogenic gas jets) enables the quality of the
target to be inproved, while providing-tao-functions: 20i mredi ate cooling
of the sprayed zone, thereby precluding any possibility of partial

oxi dation or nidY¥lcdiing phbyptheipsesence of even snall traces of oxygen or
nitrogen in the chanbghkig .theggpseyed material; and 25- powerful cleaning
of the sprayed surface so as to provide excellent clean cohesion particles
and successive pas§es¢eﬁéﬂﬁéén>tﬁéﬁ‘NBH@HV&P?OFﬁElﬁgé dn i’asma torch and
a plasma gas 30 m xt urfenBekeaiheposstbdetturtakiai n a strong reduction in
flight of the reducing the oxide conpared with that sprayed content present
powder particles, thus present in the target in the powder (T.c < Top
where T" is tHHewggfgenhzomenthpseseherpatehestigeyyetr 855BRBLITS i §°t he
?Xy?ﬁn PontePFa@rﬁéergbﬂntEﬁiﬂoﬁﬁamb-ﬂﬂﬂﬂf&ﬂéﬁmébdtb@rp%@@ﬁﬁseaaeording

o the invention includes e follo more.conventijo aspects: - a
relative nnveﬁgﬁcﬁﬁ%ﬁﬁbnf?ﬁeP%P§§N§&Eg}8haPPIéC§¥5%ﬁStE%ﬁ g g& %g
est abl i shed; adieiwurhaterpilt belbagdgets depobhei chadbopurdteowpdiuhd; the
surface prgparatidn,} ScPEEPELed Hh@eh O Molybdenum provides a good

compromise between electrical conductivity (less than

30 pohms.cm), temperature resistance (refractory
properties: melting point: 2610°C) and high
selenization resistance. This is because molybdenum has

15 a higher resistance to the selenium-rich atmosphere
used during the CIS or CIGS deposition step, molybdenum
reacting on the surface with selenium to form an MoSe:
passivating layer without losing 1its electrical
conduction properties, or else for TFT (thin film

20 transistor) applications that require extremely low
defect ("pinhole™) densities. Maximum pinhole densities
of 500/m? with a size between 1 and 5 pm 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 1is

applicable to a process for producing a molybdenum-

based target by plasma spraying that offers performance

in use at 1least egual 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,

especially by plasma spraying by means of a plasma



includes a step of 5 blasting it with a jet of abrasive particles (called
sandbl'asting) on the surface portion of the target in question, of )
alternatively a step of machining striations suitable for the keying of the
subl ayer; and the surface preparation then includes the 10 spraying of a
filmof a keying material (sublayer) on $he surface portion of the target

i n question. I n other enbodi nents of the invention, one and/or other of
the fol | owi ng tarmcangesBt ¢ argetf wdrperisong be 1Baept porahbyvedphwoyed:

t he conpound i r LA C - e r i nsgd and
then filled V\jﬁ%%ng%loﬁr%é}ggl,d’qgg?gp%{rpérégsrd?%at ﬁglt rtrrlﬁlét%‘yht ?ﬁgggé?{ﬂom 50 nbar to
1100 nbar, so d5a¢16Peabt &i7ickygenreed etldd Yo° atfrd®pnet e ani PRVHETt (902 <
5;V0; th&:dﬂwsmligapr@yi Mg iics Czaﬁlpbﬁﬂcli ouu:s]c bypg.ape!acasm tohem@hddt he

pl asma gas.mi xture .used is_reducin ca e r . 1 he oxXi e
mol ybdenum’cont it s tloréls'?y agcr eslee%tSQi n&? e Sﬁ%\fﬁgg uﬁ%r e Cger?af))?y ?‘lﬁge 25
conposi ti on oftatuetpliasma dasrii gear atweAPrEI nGNfori@ thas POYEhYdEogen or
anot her reduci g, de3s® @R3ing jetsd d@¥icigdasvhkayehel sauged, thksnpei ng
deposited, before thermal sprayi J

ying of saj.d coppound,. on the surface portion
of the target ' ot o ti56- &Erh‘g 8%\?5%%]0'1‘%6 HETHELY ytnr}eegg?%%leda%%ri ng the
pl asma sprayi ngsed. a powder conposition of said sprayed conmpound is
used conprissi ng powder particles with a size distributiongivenby5 < D10 <
50 pm 35 25 pm< D50 < 100 pmrl and 40 pm < D90 <,2%to gm t he oxygen
content presentti Withe R%r geCaiheoxi Y of i +9S ndrd ™t hdan SHPEEREY ERan t hat
initially presenial ntd hersbalbivnglpotderare idonisideuddsby slefsequént heat
treatment step,_| - - a.re k at nosphere for the purpose of reducing
t he oxygen con ‘l'é%e ﬁrré’sogr??lf:ng?ﬁgagér get after the thermal spraying step;
and - several conpound injectors are used for 5 injecting, at different
points of itshe Tﬂi@ar 17213 jd&_inidrdjffagagmla rm;tx%ryiigbs dor cwﬂbganme_do:ajlegtgi on .
paraneters are, adj usted i ndependent according to tk t .nj ecte
into each injettor. iﬁr}iﬂg?lﬁ%‘ agﬁg&ymof 1556 iﬁ?/rent %négerggl gc{fé%gtég&g t ar get
optional |y progasédidyd héeprocess cryogeding 435 t Hetishvemriitsandhent ended
to be used in gusputy esf NGhdeviuegereIREPAl inp @R vVRRYNEINIAR Ui NGY
device, or in an t'her, vacuum sputtering device using a target, said 15
target conpri sF‘ﬂé %‘Fbccfdrﬁ“ﬁéntly mol ybdenum For this purpose, the target,
according 2 the - immediate cooling of the sprayed zone, thereby

precluding any possibility of partial oxidation or
nitriding (by the presence 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 gas
30 mixture make it possible to obtain a strong reduction
in flight of the sprayed powder particles, thus
reducing the oxide content present 1in the target
compared with that present in the powder (Toc < Top
where T, is the oxygen content present in the target

35 and T, 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



invention, of nom nal thickness (e), conprising at |east one
- nol'ybdenum based conpound, is characterized 20 in that it hasi  a Tanellar
m crostructure; an oxygen content of |ess than 1000 ppm preferably |ess
t han 600 ppm and even nore preferably | ess than 450 ppm and 25-an
electrical resistivity less than five tiges, preferably three tinmes and
nore preferably twce the theoretical electrical resistivity of the
conpound. Thi sandesitst iteirptnéasesearhtsihei;carried out using the 30 Van der
Pauw (ASTM F76) method,, ! hg felat e tm%S't%tft;gu xsﬁ%%gaeg&nbrp@f Ngo
calculated relative to the theoretical valué at 20 t he passive conpound
(or the val ue WP PEnPRAE FPIRPEEUre) (as a remi nder, mol ybdenum has
a resistivi ty of 355. 34eUobuBrEE}. pbfhgyﬁtaromedmﬁb@demr\etsmfept hef
i nvention, [.Qr_ ot her t he. fol | ow n n er nore
be opti onal I y en%ﬁdtlneqd 1t gl% a et ?ﬁ %%Qa@{{,é %gg%l %2 (CEM&Feast one
addi tion el emesandhgsdn n orary aeli ﬁﬂﬁ?fﬁm%m’%l@an@%l the éﬁF%‘?‘r’F ud

tungsten, rhenkutiCRRPeror Zi HARRKFHAL i yELANT UM dadmi Uﬂfand\arcfh(idhu@] t he

target having 0%, ht of the .addit.i ele nt_or

addi tion eIene?ﬁEﬁaﬁﬁ?QFhﬁglgégie ?ﬂﬁ B %?%ﬁ?gepgngﬁ? BPbe?¥§n&ﬂﬁ§dnay be
provi ded by one of 4 helfeol |ovifiegareansspai@tiose ¢hea pricgllbdged pbader in
whi ch eac fa;ﬁﬁﬁ | ot €y h%%lﬁh%fd%s'ﬁé‘yqn%olmﬂﬂaqn @uptiBgetar ggt,
possibly s |gh erent 1n order to také into account any unequal

| osses by volafh¢|%%ﬁﬁQﬁ? FEEAGDt RE Hher I prdy (WG S6£°Phe powder; 15- use
of a powder blend consisting, on the one hand, of pure or prealloyed

ol ybdenum povsleroand, ik ddiGaldielo3nd l%ef?@fm?r S carRieT oRYEE Of

preal | oyed po erg 5o t | nal corposi tion of target is_that
desired; and 20f uskeof fP%O‘c’#n%Dr@rm@tsea@f?ybelﬁﬁfqhﬁr@é’?@d B¢ a
di fferent 1hanggt i bid 101 hendikeeaml et duri ng the thermal spraying step.

Accordi ng to anot her odi nent of the tar th| S S of
nol ybdenum and si | i conrgl)n ol p rol%rtc’]i) hst naclhrélglﬁ’gg ?gg?n Tﬂ of

mol ybdenum perb&emppupgedi brc@nnﬂpdt éng r’ﬁblenofflriféleylbd@ﬁ@iml@@rrtl IS of
silicon, prefepgblys,l JolpQfsshRLYDERAEM POF ZaiRk OFr&hl i $®Mibar to
1100 mbar, S0 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 used 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 < Dy < 50 um;

35 25 um < Dsg < 100 pm; and 40 pm < Dgp < 200 pm;

- 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 subseguent heat treatment step in



the lanellar mcrostructure of the target is 30 conposite and conpri ses
lamelTae of purée nolybdenum juxtaposed with |anellae of pure siTicon; the
target has a planar geonetry; the target has a tubul ar geonetry;

the target has additional thicknesses of 35 material at each of its ends;
the 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 na@hifmilmldgntaefnmﬂih@&e part stiehatugresd hefh beddsdonttoe - 9 -
this support; .. RecBA01 bi0ual, ! B CkRESRESqBE o RLONNMNED:A0ROM Of the
nomi nal t hi ckiégs o e conpoun F target has a density
of greater thzﬁP@W@%S’p?Ef epid| y greater t han 90%(den3|ty measur ed

gctcordl n% todt gg | SO 5@&§réigndﬁfn@bund GmJ%cfte)mom apé t hisekinesgore) is
et ween n refera n 6, and 1 he rget has
an iron coﬁterﬁnjﬁfCtl 853 than Jf(f%ﬁe 111191”%0S Pﬁ?n% If;lyfﬂlfiltl 4e¢erab| y

| ess than 35 tdid fiearegét mageranlhi fprefidvighl thes@jEﬁahomomﬁemebe@et has a
Cr preferably Jgssadf\ant ) i RiPedifent ffcdResd han PRdlhaceoniest of

| ess than PPni ;
injected into each injector.

10 Another aspect of the invention relates to a target
optionally produced by the process according to the
invention and intended to be used in a sputtering
device, especially a magnetron sputtering device, or in
any other vacuum sputtering device using a target, said

15 target comprising predominantly molybdenum.

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 1less than five
times, preferably three times and more preferably twice

the theoretical electrical resistivity of the compound.

This resistivity measurement is carried out using the
30 Van der Pauw | {ASTM F76) method, the relative

resistivity measurement being calculated relative to

the theoretical wvalue at 20°C of the passive compound

{(or the value obtained from the literature} (as a

reminder, molybdenum has a resistivity 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: '



15- the target has a tungsten content of |less than 300 ppm preferably |ess
~than 200 ppni thé target has a purity of at |east 99.95% and theée target
is constructed on a support material providing characteristics conpatible
with the expected 20 properties of a nagnetron target in use (sufficient
mechani cal strength, sufficient thermal gonductivity, resistance to
corrosion by the water for cooling the target during use, etc.), such as
for exanpl e copper -O taccappertaldley, iorcladstenitileastabnkessdsteeh, such
as 25 for exanp| CrNi\18- 9 or Ni =12-2. A i ng anot her
feature of th(rag)lleﬁnve)e%ti %ﬂ@sf%}s ;e at e?g?%.éé%nbl ygégggwbasé%95§$%éi 2- based
fil m obt ai ned B EpPi-er i AgNOKECBbove TPARYER. 3CFIRPYrref errEGFC8AHBdI ment s
of the inventioargng, and/ranvet Bas ehotibenf othowW g ear havgegent s oay

furthernore optionally be enployed: .y - e_pnol yhd nfilmhas a -
resistivit of% %ggy 3%%%’%@% %g‘ﬁnsa.déiﬁ]tlﬁ?eleé?rg%w Esgxghgﬁﬁ%ggéhnﬁ. cm
Accordi ng to yetemgrdtsher aspect of the invention, this relates to a flat

di spl ay screen, which screen may be obtai ned by one of the follow ng
technol ogi es: TFT

- 10 - (Thin FilmTransistor), LCD,(Liquid Crystal
Di spl ay), PDP ¥l K8ha E)iag‘fﬂ( ay"Pafef T 1L E ?I@?ﬁ%\n% Eiléﬂ?gﬁf‘n' ’P?Y%éeu ode) ,
| LED (I nor ganigrévigldc By tohiengfDibdefoblowkly (Eaelsd Emi ssion Display), or
el se Lo a1 sem condudlar (Gonposeatibial boghuem aind aAYacangalased or

MbSi 2-based film or else the invention relates to an MoSi2 filmthat is
used as a maskPRRCIHke f BBFi cdtd oAeBiTad s SHESAALEPDr TonpBReMETIEG
According to ypbsaiwiherslaspedt; ofiifherémyeriin obrdehi stoeladles tiatat | east
one el ectrode f f b base I X i.ng t ar get
as descri bed a%cg{;/%‘,; hglrg;nelfheecrq?‘J r%idg%ggg}ﬁg%gsgai%%%fﬁtglt%ﬁgf,l{%n (chgllel or
nmodul e. 15 Accbheimgl twprpatingnefhéhef pavde® of the invention, this rel ates
to a nol ybdenum fil.m qiai fed abypsiidt el t bsnahoviend,ar get £ha0 ohe
preferred enbﬁgi ngnts of the invent ilg%, ne n?)/ qQr ot h(e)(qd(e);, taplg f%l | owi ng
arrangement s na9"fur PhePHbFe Be Wptd é’le(f%ym 2]5’ gyagm P he “fi | m has
a resistivity ohel esset Heand0 gfolme om moref ethblk yphes sox Harealld qysihs. cm

for a 25 filmLhigkpess, ofnbet eens 80 DM aRh 2 iMor the #diReki lim has an
oxygen content” of l[ess than 250 ppm preferably |less than 220 ppm the

fiimhas a nitEBgendedhisht ¥ | ess than

20 - use of 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 molar proportions
that may range from 1 mol of molybdenum per 5 mol of
silicon up to 5 mol of molybdenum per 1 mol of silicon,
preferably 1 mol of molybdenum per 2 mol of silicon;
- the lamellar microstructure of the target 1is
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 thicknesses 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



50 ppm preferably Iess than 30 ppm 30- the filmhas an iron content of

l'ess than 50 ppm preferably |less than 40 ppm the fil'mhas a nickel
content of less than 10 ppm the filmhas a chrom um content of
| ess than 35 20 ppm the filmhas a tungsten content of |ess

t han 150 ppm and the filmal so-inel udes at | east one addition

el ement chosen from vanadi um niobium tantalum tungsten, rhenium
copper, zircotihds stppanium hafnium and rhodium the filmhaving 0.5 to

30% by wei ght of the f?ﬁ&” E&QPtfér?a(ﬁe%li%Lkn%QgEEi QDL BB S25 S dS50%
nonlimting exanples,the rnvention may be illustrated by the follow ng
figures: fig@fesbpanoppnaghdihiclessyicdndhensdrmgiitheldiriost ructure in

cross section of an Mphtatgehet hasobt added thy dthegpsaduct tlom pdokess
according to the 10 jnvention, i gu l.a_and | 0 ry, dense
Structure, o nEteaterply: Perarennhaat e ket At E R Re A L o
because of théoabbbend80ob0bki sfeanidrid)liae; figure Ic at high

magni fication nmakes ithd5 RAsSidl eth@cHhsss ngw)shitheodtpieaal 11 amd | ar
structure of thermnal sgragl nﬁ ggocesseS' figures 2a and 2b are views
showi ng the mi%cr 8% r REEGFEAPHY Sroeeb & 281 &f B Mo target obtai ned by
conventi onal produeti thepricogsseshanamel yi20 bgorkentusipdn k&id stimrering
respectively, gf%@&‘%@ﬁrg%é%lsfx% 1 N%han 35 phhgure 2a relates to a tubul ar

target, its hot g extrusion) wth unidirectional grain texturing
al ong the extrusion ditP&ctFa¥e¥ei higscl 8ar IN* r §084RBE: 25 dFF° fHyfe 2b
relates to a plappn,t prg€brablg Ness astarudbupehei ngconventi onal forsintering

mcrostructures. 30 O.her ngﬁg{eshﬁd ad\/:?nt 88&‘1‘?%:% the ijpwent g, wil |
becone apparent over thé course of e Fol T ow ng description.
50 ppm, preferably less than 20 ppm;
15 - the target has a tungsten content of less than
300 ppm, preferably less than 200 ppm;
- the target has a purity of at least 99.95%; and
- the target is constructed on a support material
providing characteristics compatible with the expected
20 properties 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 copper or
a copper alloy, or austenitic stainless steel, such as
25 for example X2CrNil8-9 or X2CrNiMel7-12-2.

According to yet another feature of the invention, this
relates to a molybdenum-based or MoSi,-based film
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 nohms.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: TEFT



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 35 The support on which the target

w I'T"be constructéd may be nade of copper, a copper all oy, stainléss steel
or any other alloy suitably conpatible with the production of magnetron
targets. In the present invention, no - 12 - particular requirenment

associated with the process described-ingthe invention is required that
relates to the support such that it only has to neet the usual requirenents
relating to maghehr onlmarfyetrsisitor) er rerof (15 qyednelrys Latechregr leal) »strengt h
and chem cal ;pﬁgr“z%igswath%gg\gsgt EQnéi‘F COQLERNY VL SIni U AFR -

preparation o he ‘support avi ng been degreased, the surface of

t he support |§mbﬁéb%@e8’lﬁ9leb} astERg Ilnoﬁﬂf”hl% f-egh TE%frtaﬂs‘]‘l/eDJgj’rdﬁ ns. These
grains may becef wan Ou@lkelllalds Erfiofsupaumnitysad) whi be aledskena)ogra ns,

brown corundum grain um na- zi rcom a abr Irg r rains 15
produced f omeEﬁ%sOEa%‘f@%]f aG PR es}l of %%Zl‘\?%s. I ger |njfe‘_’1tas'tE acfd EI:Ifotrgryuamdl ne
gar net grai nsbesedl seranabasr-stsesl dr loast or oAl&Rot LLE i %“‘F?%“tl%t bei ng

exhaustive). %%18%@136&@%% MB@:LJ of 1 1omithg tabEagk¥gsadr & megd: icarmndum
.(fused white alum na), and_al unm na- zi Uﬁ%ma for exanple AZ 24 from

Sai nt - Gobai n é@?f‘llﬁﬁ %Pu?fo%sﬁerﬁorﬂng PEr FETPT8 Dreferred for its high

toughness that limts fracturing of the grains and consequently the 25

i ncl usion, gf gral Ed gc%o%t' %nkh!ﬁew%fsﬁ@@t oBUEhe | @ﬁbeﬁt% L
del eteri ous t6 adhe he coating). The average ggt eig of the
nd

abrasi ve grai r¥§]1a§e|§r ef@rably beRfkerPNB0 ealﬁ&ts‘@éepmfoa@ h orf t he type
of abrasive. Thaypdepasebatedhi slmer abtomed twsBOy give basygel aces

roughness capaé)lsecrgéegns%tb Qg cortlhz agggg& &ofbéﬂﬁ%tlgsé&ublﬁyera or of

t he nol ybdenumthase er na ive d consists in
machi ni ng st rlliétqt@ﬁ@lt@sct fatl vt Imedw® -al | ow good adhesi on of the subl ayer
or the m)llygbdenum corrpound Production of a tie subl ayer by ther nal

spraying - 13 - 0 t| m ze_ t he ggc |caI ad h@gogun%ignal

| ayer of the t%cﬁ’&dl e YEIbPES e%turperéj uce ermal spraying.

Thi s oper at i orraimtesmlooy whwédenomaflllhe@bfcwﬂsaﬁ'm ﬁ@uﬁft@éé%e*éh% aken
fromthe 5 fola[Meng;ar%g@sna (powder) spraying, electric-arc (wre)
sprayi ng, oxy-gas flane spraying (wire or powder depending on the

equi pnent), spraying using the HVOF (high-velocity oxy-fuel) process, the
det onat i o2 0guntrs pp eyt oeraissd iamsh tsheo £ otlse spnagnprocessnasing/an 10

opti onal |y pr elygal,ec, 935, nkoy WAL Gl PAMISIchnk B G6LCGaxThESnoRET BLI O may

be carried out ' inth I ent i's imparring the invention. The
tie sublayer meRterdnallyagmpéc¥fidsen fromthe 15 conventional materials used
commonly as subl ayersithe film macskela orrciickelibgsedfal Leys: Nhah, N O
or NNCrAl; iro or ferrous allpé/r

C §1t eeéosr
X2Cr Ni 18- 9 or ’12pJ§e ausafblr}( ﬂié\gsstal %ess SJ: s, étc. &

fllm thlckness 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 less than 30 ppm;
30 - the film has an iron content of less than
50 ppm, preferably less than 40 ppm;
- the film has a nickel content of less 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 chosen from wvanadium, niobium, tantalum,



20- copper or copper alloys, such as CuAl, CuAl Fe, CuZn, etc.; - nolybdenum
or nol'ybdenum alToys: MCu, etc. The above list is not exhaustive, the o
choi ce of 25 sublayer material possibly depending on the material of the
support tube and on the spraying equi pnent (and on the availability of
filler material in suitable form. -Fotmation of the functional film of
the target 30 according to the invention, preferably by plasma spraying
The functi onaltulhigkteof thentamgetopsef,orneadnutnhetibbnswprayhainiysy ef er ably
by Pl asm SprayinGnduide, Ui 35 ol hoViAg pastLoubgs eandidigansios -
pl asma spraying carried out_iIn a chanber having an "inert" atnosphere, that
is to say one s @AFERIPAeSERIREN @RIt BeRI @Bt is | ow, the

at nosphere consi sting predom nantly of inert gas (for exanple - 14 -
argon), ang the, pressire: {14 he Lhagbet being betesl 54 maLyang,100 -
nbar ; pl'asma Sprayi ng using a reduci ng pl asma” gas nlxtuye, making it
possi bl e to | gvidustihatadobnt tled B lbgrgey iCAPRFasly present on the surface

of the powder particlesqypes nwlting hhemiandagsr vigwsheiHowfingghthont o the
substrat e; u

. e, In the ,inmediate vicjnity of the pl.as r,ay torch,
of nozzl es fof“llﬂr(?\?n%ﬁacﬁﬁﬁﬁrfﬁfl | F§8Fa oP°% l%%lse%%s %I?yg%%ninga?(g?tg of an
inert fluid, tdresgiers Deyngheéi sproduttddnarpurckssheatopehiing to thel ative
nmovenent s get wegn f.@LgR and target, allow ng possible variation of the
t hi cknesses forned on the target and especially at the ends of the target
15 by fornmng addifioﬁéguFﬁPcEﬁe§§gsléoﬁﬁBHI? %@FgrF§88F055§uﬁtﬁﬂ%©-bone"
target; trise Diterenorioier e poawtert iiomjsectlgring al 4o g ldet teo
di stribution (H%QGTiﬁﬂgéﬂeEeﬁﬁgg%”of*Ehéﬂé%%%%cbeFFy@ﬁﬁd@ckaﬂélﬂa ng possible

el.
for the plasma torc 0 be: her a commerci a avai |'abl e DC'b| own-arc

pl asma torch; - figprgn fl&duétti véighcodiposd i rEepl R maMeb?Th. 125 The
powder used t GdgyAmIee dhediarigefuiRas thie tglilkaw ngreypbeaktructure
characteristics; defined particle size distribution such that:

D10% ( di anet eroﬁsutgﬁrtmﬁ%t S%%%Wt%eo%easﬁﬁsdl es are smaller in size than this
di aneter): 30between Figmges0 Bm apS0%2Pnedican dilanet eFPovbey wekhe 25 and
100 pm and  pjiARQ%Ghaeet 8 suehskhake80%Rf bhe partiel esaagecsmal | er
in size than this dianeter): 35betmeef 40 gnd 200 o,
obtaine by ‘conventional production Br cesses, namely
20 by extrusion and sintering respectively, followed by
hot forming;
- figure 2a relates to a tubular target, its hot
forming (extrusion) with unidirectional g¢grain texturing

along the extrusion direction being clearly revealed;

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

30 Other features and advantages of the invention will
become apparent over the course of the following

description.

DETAILED DESCRIPTION OF THE INVENTION

35
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



purity according to the purity objectives for the target, preferably

- greater than 99.95% and oxygencontent: < 1500 ppm preferabl'y < 1000
ppm or even < 500 ppm - 15 - The process according to the invention nakes
it possible to obtain a target quality superior to that conventionally
obtai ned by spraying and having a 5 | angplar structure (cf. figures la, Ib
and I c), especially in the case of pure nolybdenumtargets, and to obtain a
target havi ngprartoxygen coagentensdnt essstdtantsb00 ppohdi tket |yrosddtshout a
subsequent St%%sf%egﬂeaslﬁ lahghl%g%r@%ﬁurs peatitdeat Bt d thdd adiiCi ng 10

at nosphere. The fact of not usin u uent heat treatnment step has the
advant age of &Sl oi}mﬁj’rénys‘%%etg?t rr&f:erqngly s t he 8§FHort Lt or a
Lubul ar targetreqmlffbﬁénfﬁ?pp@mtﬂrﬁg ftglzj nrlodgarm?:foharcgegs);s, [ ﬂﬁl uehinmg Upports
avi ng an xpansi on_coef fi gi ent r omqt ybdenum
such as augterﬁetr StE¥ai fiEee ]’tcgg?s Eg%g%tﬂj aﬁ %%gnprdc?slcr?{%eg |éng)“4t he case
of a subsequentithezespeeht henthd oroqlé{m{ciwﬁgefhe oxygen content. 20 O
course, a heat treatnment nay also be carried out, as an option, so as to
further reduce tr}e oxygen cont ent t he Jharget t hus produced. 25 Pl anar
target case: THre—fre : chH—Aa possi bl e to produce pl anar
targets according to the follow ng procedure pl anar target

support, sgi tahlie,f v%bngeég &égr_»@gsécrlt ocﬁéﬁesurm@%t 6eNLher shssort
if the target support has ex shape and has to be rec cled after the

target has beeff uBEEP2Ff@ tbeYr ggEa%%%gr At WHthnét Betf SHne@PERTEE 1y on
the target supperihshutTheeoR@adhsning bat efnedirabespkands: 356 cahded

“tiles") whi Ch(éMsleld b&hP@é‘d%ﬁ'.uﬁ%Q) t Qﬁ*aﬁﬂgporﬁfown corundum grains,

alumina-zirconia abrasive (grains, abrasive 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 1is
preferably between 180 and 800 pm, depending on the
type of abrasive. The purpose of this 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 consists 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 (nolybdenun) will be fornmed on the support or on the
tile(’s) follTow ng the sane procedure as above; and the bondi ng of
the tile(s) may be carried out - 16 - before formation of the target
material (if the support has a high nmechanical strength) or after formation
of the target material on the tiles in tithe-case in which the support is not

strong enough. In the latter case, 5 the dinensions of the tiles will be
det erm ned so Tas Q@tmwerﬁizleetmechéaskcaﬂf adimes bei ngt diseoftedtdemdhg the
operation of foar ftﬁﬁ tTeterd;al Qy18LasMasPhaybrdauddd b

| MPLEMENTATI ON IVPLE errent atll on exagpl e ?2 | at ekSJ toua tubil,,ﬂ ar

target intenddd'a @ e us%RFE}W%gnet?W spuPReFd P t &Y r ot FPHYY cat hode.
The fol | owi ng ¢Hﬁﬂéﬂﬂidwa& &mb&med k@r@y&ng procesSsPPotakénberomdehof

austenitic cSt ess st eel ch as a Ni

X2Cr Ni Mb17- 126¥110W1n§5 su r]?ace pr eég(r) ?gir(l g%b?ﬁgﬁ% o:et%et%& %Cb‘?/ri\z grit
24 al uni na-zi r oM SPTrAYILNE, byt bag; £ hgne p?rmﬁgon(w(}ﬁfet RE REYHAY

subl ayer by tvu ea{ocm\gl r&lslﬂhéw&ﬁnpﬁr@ﬁ'ﬂtl ¢d S@tﬂaylmgaldsmtghetﬂ@ymgpsubl ayer

havi ng an Ni Al % ni.ckel / 5% al ositi
descri bed, the( RS Gt Ry kgliﬁq;}g E’ﬁB‘rFT‘g@%’r \ﬁgf ad%%?ﬁl ﬁonzgg pm 25-
formati on of tmamln)gbctewmasa&tam@ tthemapd dt heprtaar getodss il asheg sphayi ng

under the 10l | oW NG, GARAIHPRS t e dPLES MRALOT ik AR 19 lp,arltnu%@ltaa pl asma
jet velocitycharacteri sticsandconsequently 30sprayed

charact eri sti cS'1® t 3Pt tHhcRaY i Rea Cranber outu g%r%ﬁéﬁ?% 805l i ng
jets directed wntimpdthentiar debaikhegethei ngreditsioni. but ed around the torch,
350 the powder used for producing the target was a

mol ybdenunpowder havi ngt hef ol | owi ng characteristics: aggl omerat ed-si ntered
nDbedenun1poWB%@ tie sublayer material may be chosén from the

15 conventional materials used commonly as sublayers:
- nickel or nickel-based alloys: NiAl, NiCr or
NiCrAl; iron or ferrous alloys: FeCrAl, FeCrC or FeMnC
steels, X2CrNi18-9 or X2CrNiMol7-12-2 austenitic
stainless steels, etc.:
20 - copper or copper alloys, such as CulAl, CuAlFe,
CuZn, etc.;

- molybdenum or molybdenum alloys: MoCu, etc.

The above list 1is 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

spravying

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 say one in which the
oxygen and nitrogen content is low, the atmosphere

consisting predominantly of inert gas (for example



particle size d50 - 80 pm - 17 - 99.95%purity, with in particular 20 ppm
‘of  Fe and 600 ppm of oxygen and 0 plasma spraying carried ouf W th the
foll owi ng paraneters: 5 a plasna torch with the foll owi ng paraneters was
used to produce the target of the exanple: Paraneter Ar flow rate (slpm H2

flowrate (slpm Arc current (A) Spraying di stance (mm Powder flow rate
(g/ mn) Val ue

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, 1in the immediate wvicinity of the plasma
spray torch, of nozzles for blowing powerful liquid or

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

- relative movements between torch and target,
allowing possible variation 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:

0 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 Digs (diameter such that 10% of the particles

are smaller in size than this diameter):

30 between 5 and 50 pm;
o Dsps (median diameter}: between 25 and 100 pum;
and

© Dgos (diameter such that 90% of the particles
are smaller in size than this diameter):
35 between 40 and 200 pm;
- purity 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.



50 14 600 160 160 o surface finishing by polishing or machining so as to
obtain a roughness such that Rm, < 15 pm 10 As indicated above, thanks to
the specific process according to the present invention, the oxygen content
in the target obtained was 330 ppm |ess than the 600 ppmcontent initially
present in the powder. The 15 essenti al jgharacteristics of the target
obtained are given in the followng table (Target Exanple 4). Additional
results according to this protocol with different powder conpositions, in
compart son W b 2R8I L MGhd CLYORRD] C1hSbnBEGAT thitkd O Lhe

i nvention, are giv nthet &l o - Trial reference Process
Oxygen cont entPassibRe ﬁEMd@bt%%@régé@I@@ﬁtéWP%lﬁﬂﬂﬁyﬁﬁﬁkﬂ&' yHR&HE cont ent

in the target NiiegeBneddienbpihihbe t BYgebpAaACE®r damg tbathey a
5 lamellar structure (cf. figures la, lb 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
10 atmosphere.

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
15 for planar targets), including supports having an
expansion coefficient markedly different from that of
molybdenum, such as austenitic stainless steels, which
would be proscribed in the case of a subsequent heat
treatment for reducing the oxygen content.
20
Of course, a heat treatment may also be carried out, as
an optidn, so as to further reduce the oxygen content
in the target thus produced.

25 Planar target case:

The present invention ‘makes it possible te produce
planar targets according to the following procedure:

- planar target support, suitable for being

30 fitted into the magnetron for use;

- if 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

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

- the target material (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



I nvention 657 18 340 20 B According to the invention 657 18 240 20 C
According to the Tnvention 922 26 340 23 D According to the invention

- 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 1is not strong enough. 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 material by plasma
spraying.

10 IMPLEMENTATION EXAMPLE

The implementation example relates to a tubular target
intended to be used in magnetron sputtering with a
rotating cathode. The following process was carried

15 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 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
sublayer was a nominal 200 jpm;

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

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

 agglomerated-sintered molybdenum powder
m particle size dsg = 80 um



526 29 360 18 E According to the invention 526 29 360 19 F According to the
i'nvéntion 706 317580 30 G No cooling jets 560 e

- 17 -

s 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 | Hy flow Arc Spraylng £1
ow
Parameter rate rate current | distance c
rate
{slpm) (slpm) (A) {(mm) '
{g/min)
Value 50 14 600 160 160

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



29 960 83 As the above results show, the plasma spraying process with
cryogenic cooling jets distributed around the 5 plasma torch makes it
possi ble 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 siigce it is not possible in practice
to avoid the powder 10 containing a certain anmount of oxygen. The process
according to the invention is thus particularly advantageous. - 19 -
PROPERTI ES AND ADVANTAGES OF THE INVENTI PN;The. t.af get.s.acc r[glt@g% o|the
present invention have| the foll pw n properti e5 and advant better
utilization flact™iabof thgmréatser aFoised | ncerisor an cartgats oBP%‘ieﬁéd by
pl asma sprayi nge eoanRar e W th those ekt al ned e the si odeer il nguf edd owed by
hot - f or m ng processes because t1ePBr(9ces‘s accgr di mg to the pr ee_,ee
i nvention offErs he—ppssbiH-t—St depotitiong 16 radditr ona—Ehiekngss at
h

the ends of the targetphAsomrdsnd p conpensate for the extensive | ocalilzed
erosion in the zopes cprrgspend|{ng 49 the berging| w sy a $mal Loradijus of
curvature, of| the magnptic field created| by the cathodes and their rmagnets.
Thi s makes it|-possiblel 18351k, t et erital—yi el dd-greatert han
75% or even B0% wherpascdrieng/l el ds remgi n bel ow 75%| n fllat-profille
targets. As al corqgllary ing this type ofgtarget, | g, especiglly
nol ybdenum based fil ns a(raetq%bt ai neé whose Rgsuni flor mza;dy priof i I%g allong a
20 characterifktic dinmehdpvaptasn { he substinate at the surface of which the
filmwas depokited, deui;\a@&@i,ny no nore fhan 2% (for exangle on a
substrate of B.20 mw dth). Thi$ urement _is cqrri tﬁrjpeout usizgg an
apparatus of |he 'cl\lagy' ttﬁ?pteb by con?%ctless neasurg wilde

mat eri al thickness_ranpienomtidre | target bétween 1 dand 25 nm| the thigkness
of the target| may be chesgn.ags¢rding tofthe desired lifetilme thereqf (this
t hi ckness beipg in fact determ nped by the expected 30_durat|i on of
production w { hou stoppitigtiche Iin%%/ ’n the ca%e of| tuddl ar
targets, it ip possibl giheriias|the target in AC node or D node wi tlh power
| evel s in exckess of 30 Iﬁ\ Ordgn rease inj|depositigqn rate), |without tlhe risk
of cracking (gdue to the mal |35 gradi ¢nt betwedgn the support tubg and
the target) of thé& risk d’ﬂf0 F)‘Teaze meb2§ ng;| and® bedausé®t he |nol ydenym
thi ckness is feduced t¢ithatagpunt strict/ly necesgary for tlhe user, |it is

possible to | [mt the yoltage needed to gustain tHe - 20 -
According

F to the 706 31 580 30
invention
No
G cooling 560 29 960 83

Jjets

As the above results show, the plasma spraying process
with cryogenic cooling jets distributed around the
5 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 o
choose a very pure starting powder, especially since it
is not possible in practice to avoid the powder
10 containing a certain amount of oxygen. The process
according to the invention 1s thus particularly

advantageous.



hi gh- power di scharge and thus make this target conpatible with current
magnetron power Supplies. In the case of nonolithic 5 produced using the
present with targets conprising tubular or planar targets invention, and in
contrast assenbl ed segnents, the followi ng risks are considerably reduced:
o risk of the appearance of arcing, whig¢h generates parasitic particles, and
the risk of 10 fragnments of the target material being separated fromits
support, whi C/PROFERIDRA AND bEDEANKAATCe 00 TEBNTEVENMEIGNN of the nol ybdenum
films; o risk of sputtering braze material or target support material via

t he gaps between segnents; and 150 risk of thermal or nechanical failure of
the bondi ng (BMszEaggeEsndaeprHengerRnthe tRF e ts dppPtioTneaYarye s

accor di Inlg tg tfhﬂliom\_iﬁ@tb@@pﬁ.f@i@@ratﬂ&lald&rahyagesfeaCtiVe at nosphere,

especi al l y_by nmagnetrgn,_cathode.. _ sputterin by, s tering),.,f n the
mat eri al Zg nol ybdgnugneﬁg%d}] l%%?‘%ﬁﬁo%i é%%%%rgegforp%%/ f%%g%%arlpolggeecgf

obt ai ni ng a f dritwgudaird teapges, obhesned by plasma spraying compared

with those obtained by the sintering followed by hot-

forming processes because the process according to the
present invention offers the possibility of depositing
10 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
the cathodes and their magnets. This makes it possible
15 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
target, films, especially molybdenum-based films, are
obtained whose Ro uniformity profile, along a
20 characteristic dimension of the substrate at the
surface of which the film was deposited, deviates by no
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
25 measurcment;

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
thickness being in fact determined by the expected

30 duration of production without stopping the line);

o 1in the case of tubular targets, it is possible
to bias the target in AC mode or DC mode with power
levels in excess of 30 kW/m (increase 1in deposition
rate), without the risk of cracking (due to the thermal

35 gradient between the support tube and the target) or
the risk of braze melting; and

o because the molybdenum thickness is reduced to
the amount strictly necessary for the wuser, it is
possible to limit the wvoltage needed to sustain the



Thi s nol ybdenum based fil mmay be deposited directly on a substrate or

I ndiTectlTy on another filmwhich is itself in contact wwth a substrate, it
bei ng possible 30 for the substrate to be of organic nature (PMVA or PC) or
of inorganic nature (silica-based glass, netal, etc.). This thin film my
forman el ectrode for a photovoltaic 352¢ekl or panel, or else it my form
part of the constitution (interconnects, etc.) of display screens using
TFT, LCD, OLEDigh-Ebwer FED sdwhmm ogied, bdhuany retkieer issenbtyreeguiring a
thin nol ybden%n&ﬂa't%% geoed SHﬂéﬁﬁ/ magnetkon pBEeti 5iBpTidni ng the subj ect
matter of the tollow ng exanples were o%t ai ned by magnetron sputtering of
various targets obtained according to the prior art 5 (Exanples 1 and 3)
and accordi ng 1m0 the icla\sentéf)nm(aﬁmamhﬁs 4vandab) :or phafiat mcRegessivity

(pOhnS'Cn)5961fg%d%£dL&%f%g the g?é§59@3§nééﬁQionr and in contrast

with targets comprising assembled 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 1is 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 used in a vacuum film deposition
20 installation {magnetron sputtering in an inert or

reactive atmosphere, especially by magnetron cathode

sputtering, by corona discharge or by ion beam

sputtering), for the purpose of obtaining a film based

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

This molybdenum-based film may be deposited directly on
a substrate or indirectly on another film which is
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,
etc.).

This 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 FED technologies, or any
other assembly requiring a thin molybdenum film of good
guality.
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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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The thin molybdenum-based films were deposited on
extra-clear glass 3 mm in thickness, of the SGG-Diamant
extra-clear glass type. These films were deposited in a
horizontal magnetron deposition machine provided with a
5 molybdenum target according to the invention, this
target being supplied either in AC mode by a Hittinger
BIG150 power supply or in DC mode by a Pinnacle AE
power supply, with an argon plasma of 450 sccm argon in
the case of Examples 1 and 4 and 600 sccm 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 wvacuum in the deposition chamber (amount
20 of oxygen available under the residual pressure);

- Example 5 versus Example 3: better performance
in the target according to the invention compared with
the target according to the prior art. When the oxygen
content 1n the target exceeds 500 ppm, the oxygen

25 content in the film is governed by the purity cof 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 variant, 1f a target possibly obtained by the
process according to the invention is 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.



- 23 - The thin nol ybdenum based filns were deposited on extra-clear glass
3 mmi1n thickness, of the SGG D amant extra-clear glass type. Thése filns
were deposited in a horizontal nmagnetron deposition machine provided with a
5 nol ybdenum target according to the invention, this target being supplied
either in AC node by a Htittinger Bl GI5@4pewer supply or in DC node by a

Pi nnacl e AE power supply, with an argon plasma of 450 sccmargon in the
case of Exanpl®s lcantedtandf 6@@tsochrcar goufigries0) Exanpl éhiz, 8ikmd 5.
Comment st prodotabl & dh VET SUsEXATDl Rt apfxagpher BoyersusnByanpl e 2

identical or better pertormance for “the 15 target of the invéntion conpared
with a high- puriq®y e gargst -« ndigr iisr Raaruseort-ngn 1ebpgen LEGRPBAPI% 450 ppm
in the target,elihdnaxygenatont enipdsttt d hepef ofestdeinesitdikl vichygyetn t he
filmis governed by t.he |im¢tj v i n,.t. Si_t 1.0 anmount
20 of oxyg\é’n a@la"lel'ab‘%le?%_ns erarfcﬂgtr_}%gei' trJPa %&rlg‘gé%?g?; ahly %O%[g ﬁgg;ﬁ#e 5
versus Exanpl eB3:payastiéicpephbiathee dhpvchdheagdgedsaccording to the

i nvention conpared with the target according to the prior art. Wen the
oxygen content_in the target exceeds 500 ppm  the oxygen.25 conte in the
T mrs gover il Byt hETRALFRE a1 hE ParBBes CRETY aget S edeCtH bld i n
Exanpl es 4 andfBlmgenher espeaipétyegoivprsedbby plies nexyerter cOOC-ort ADbi as

wi thout 3Q¢si gnid i cant. arcCiing dahraughoui vt hepdifaid & ofinike sbatges. As a
variant, if a target possi ble/ obt ai ned by the process accordl,%% to the
invention is sPitt¥red® thi T35 HH gt %s‘%}rrﬁi Mo V& niog SRt PEASE one
nmetal cation bet ortgd NG ino drite thleesfhire €b, oWMfa®t ca )rdaimtiwity filbeeal so
having a certain ot ent of .t ﬁ&gg g]\gqﬁ&t defgbtained. - 29 - The content
of cationic inmpurities i K a thin %I m pr uceéllfroma rotary target stens
practically only fromthe target. This is because the rotary technol ogy

el i m nat esmal | TieONpanesh s dodrehasteni tige t e lhanget 5S¢ . erighlmaps)iand

therefore elimnates any .possibilit parasi.ti ri.ng al > the

Glase Ol mostoRRT AReRERIRE bk ShePRLERNLE, SRNAIIRY, FRALS

especi al | y goveaqaan'by ke nsx yigeiradwsitdgn jof the sputtering gas and
{(ii) oxygen originating from the target.

20 Thus, it is possible to calculate the amount of oxygen
theoretically included in the molybdenum film, 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)™? x P, where My is
the molecular weight o¢f the oxygen gas, T 1is the
temperature in kelvin and P is the pressure in torr;
and

- Jwo {the amcunt of Mo on the glass that can

30 react with 03) = Vo %X Nuos where Vy, 1s the Mo

deposition rate {in cm/s) and Nw is the amount of Mo

atoms per cm’® in a magnetron metal film (in atoms/cm’) .

Assuming that all the oxygen coming into contact with
35 the molybdenum on the substrate reacts, 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 cm/s, the residuwal oxygen contents in the Mo

layer as a function of the residual oxygen partial
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It is particularly inportant to mnimze this content so as to
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sputter <c¢oater 1is conventionally 5 x 1078 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 by the
oxygen coming from the atmosphere in the sputter
coater. The invention consists in chooesing a less
expensive magnetron technology for producing Mo
targets, the oxygen content of which 1is 1less than
1000 ppm, preferably less than 600 ppm and even more
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

obtained by conventional targets, for two reasons:

- the film of the invention 1s obtained by
sputtering 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
the Mo to the backing tube (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 dependent on the choice of
technology for producing the target and on its
implementation: choice of a raw material powder of high



x10-8 540 2 x10-8 250 1 x10-8 110 5 x10-9 54 The m ni num resi dual parti al
pressure neasured in the 5 sputter coater is conventionally 5 X 10-8 nbar,
i.e. about 540 ppmtheoretical oxygen. It is therefore unnecessary to use
hi gh-purity targets with an oxygen content well bel ow 540 ppm since the

i nfluence of the target on the purity ofzsthe final filmis masked by the 10
oxygen com ng fromthe atnosphere in the sputter coater. The invention
consi sts i n choosityg and eﬁerrexxp@nsb‘fve:hmgtrreiqe(m bechhabogy sboryproduci ng M
targets, the oxygen 0, t 0 efer@ably |ess
t han 600 ppm gn)@(fgeveﬁ%ﬁ;g 15&% er ag?n{%éis ?%g%é%g Q]%n ‘?’%egfem dual
content of mettlyPEenyRs b, ff‘ﬁ'«li:alOP":“I\V\FfetQ:3 ) 1Bf @cxﬁéulsﬁf’ﬁ MF 7P obt ai ned
within the corttcgmtm@f ﬁe{r&hﬂﬂ@@@tl @Y | Sortess twpth thatabf phh’&sfbhﬁedZO
obtained b convey nal tar for ns; iy of the

i nvention ?‘és obt ai ne Stgﬁﬁ erl?l%e%l rmncﬂg%%h?lé FBF e?r? ne Sf5| ng} e
segnent): no risk of sputtering the backing tube (made of titanium or

stai nl ess steefne orpbhgnadt @i akiuped fAorBendi N5 the Mankenthenbacki ng
tube (for exa@e g‘t 2 and the filmof the invention is obtained
by sputtering ]?fuﬁay SRigh purity in terms of netal cations, this being
dependent on the choi @@ dfroheclkntkeogyofoteps othued ngP tirn,t argderahdyon its

30 i npl emgnt atié)% $hQi g g%ma Law gpteri al povvder of high - 26 - purity
and form ng of the target. | asma sprayi ng, 1ﬁ/lthout dcis ect cont act
n

bet ween the sprayed nél ?B&éﬁ&n?ﬁﬁﬁe%t%f ];%ﬁ'%§ha£‘s PBR{ rRT/SH or
hot-rol I i ng techni ques, chiromenhacbniéith oetlaspahbs Baspdn; and/or

- a tungsten content of less than 150 ppm.




S on steel, stainless steel, tungsten, etc. are possible. The nol ybdenum

filmaccording to the invention typically has: an iron
of | ess than 50 ppm preferably 10 | ess than 40 ppm and/or

ni ckel content of

m crostructure;

content
a

| ess than 10 ppm and/or a chrom um cont ent

of less than 20 ppm and/or a tungstenpgontent of |less than 150 ppm - 27
- CLAIMS 1. A target of nom nal thickness (e), conprising at
one nol ybdenum based conpound, characcapi¥gd 5in that it has: a lanellar

an oxygen content of |ess than 1000 ppm prefer

| east

ably

| ess than 600 ppm and even nore preferably | ess than 450 ppm and 10- an
el ectrical redi-sti®ithpndeds athapoingl t FrEeKngi%ef £ labl GO s and
nore preferably twiegsthenkheenebicahnebesid i calpoiesi, stdhurbytefiide

d. 15 2.The.t
“nthat %also iﬁépﬁég§£aagl

inthat it

clainmed in the preceding claim charac
%32t one addition el ement chosen from

vanadi um ni obi um tant al 4apetheomigyostumgstea; rheni um copper,

zirconium titanium hafpi ugy r hodideme 28kherd s gathhavii0go Ophn f
wei ght of the addition el epent _or the addi%an elenentg. 3. The tar
| d

clainmed in clai m1PrEhEFaRL%ri 28851 ntPAGt

silicon in

10
15 2.
20
3.
25
30 4.
35
5.
6.

i BPConpds

preferably less than 450 ppm; and

oY “Hol §bt

~ an electrical resistivity less than five
times, preferably three times and more preferably
twice the theoretical electrical resistivity of
the compound.

The target as c¢laimed 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 silicon 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 claim 3, characterized in
that the lamellar microstructure of the target is
composite and comprises lamellae of pure
molybdenum juxtaposed with lamellae o©of pure

silicon.

The target as claimed in claim 1, in which it is

made of molybdenum.

terized

o 30% by
et as
num and

The target as claimed in any one of the preceding



nol ybdenum per 5 nol of silicon up to 5 nol of nol ybdenum per 1 nol of
“siTicon, preférably I nol of nolybdenum per 2 nol of silTicon. 30 4. The
target as claimed in claim3, characterized in that the lanellar

m crostructure of the target is conposite nol ybdenumsilicon. and

conpri sesl anel | aeof pure juxtaposed w thoganel |l ae of pure 35 5. The target
as clainmed in claiml, in which it is nmade of nolybdenum 6. The target as
clainmed in any onecoéinbe prieceditegized28in dhaitnsitchersackerpkathd n t hat
it has a planar geggg&gyr 7. The target as clainmed in any one of clains 1
to 5, b5characteriz I'n that it has a tubul ar geonetry. 8. The target as
claimed in claim7, characterized in that it has additional thicknesses of
mﬁt erial at each ofrhekt §aegds. adOcPaindie irarget oas olffacMedms nl ctaim 6,
characterized in that if,.conprises .qn I re_par i he conpound
IS depositéd; said0§%¥?%g?r?%?§eﬁ%fggﬁiﬁgrﬂgsp aﬁ%ﬁ§%ﬁ£§%g%%?ﬁgf can be
fitted onto a 15sputtering machine or internediate parts that are then

bﬁndedton_to fjhj.s SEﬂ@O&%xgégdthéla%ﬁgﬁtixﬁsclcaiari med dh@rﬁb@iéméﬁed i112050ty f
characterized in that t itional thicknesses are aroun to 00
t he nomi nal thickn&ggtoﬂ%t%@Sc6ﬁg53ﬁ8nﬁgyég?C%&?S%%% ?hr Rt a1 % med in
any one of clains tatb &0, ithasadterized in that it has a density of

greater than 85% preferably greater than 90% 12. The target as

clainmed in any one of the preceding, claipns,characterized in that fhe
nomi nal 9. The target as claimed 1n claim 6, characterized 1n

that it comprises one or more parts on which the
compound 1is deposited; said part(s}) 1is (are)
either a planar support that can be fitted onto a

15 sputtering machine or intermediate parts that are
then bonded onto this support.

10. The target as claimed in claim 8, characterized in
that the additional thicknesses are around 25 to
20 50% of the nominal thickness of the compound layer.

11. 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 ppmn.
35
14. The target as claimed in any one of the preceding
claims, characterized in that it has a purity of
at least 99.095%.



thickness (e) is between 1 and 25 mm preferably between 6 and 14 mm 13.
The target as clainmed in any one of the preceding clainms, characterized in
that it has an iron content of |less than 50 ppm preferably |less than 35
ppm 35 14. The target as clainmed in any one of the preceding clains,
characterized in that it has a purity-opgat least 99.95% - 29 - 15. A
process for producing a target by thermal spraying, especially by plasna
sprayi ng by mééns »f arptessm for cprahicdngar get teogpti shyg ‘dtetedst one
nol ybdenum based c C ized,i h l.ea action
of said conpound i%ﬂ?ﬁgpﬁ%?n?%%églﬁ%a%egycgéggg%t%%ﬁ%g%hgai gg%g%ind IS
sprayed by thermal °§ppaplagnanterdt, |6t GredurraRE pord i dh Hiddthe target
in an inert gas atapspheseybditin-balskat pomesind, cropegentertoodi ngh 10 jets
directed opto the rget. during its constructio d distribu ound t he
torch are gsed. 16%8% ea%rg%%%s %é?c:%ﬁé%& %iﬁfc%§?§1fgﬁséﬁgga%fgﬁﬁied 15
in that the conpouf@rins ofprayrerdar acatafidronhatf hessl e gedior rinsed
and then filled w Eprhpeat HAS thUPmh® asi¥ AR5 €ohbat dmy 1eapge ddo®m 50
nmbar to 1100 nbar, so_as to create a gen-depl et.ed at nasphere within it.
20 17. The processsﬁ§fﬁ?%iﬁgﬁtﬁﬁncl%$n1 oEa "t cHEr et er'f’Zéd 1P Y hat the
t hermal sprayi ng i stoasphede pudndyima Phasmeoweorfcd andouanthatoehendl asna
gas mxtugg used igeopeduchng.capabbacgf IR reduchog theoxidi zeds
nol ybdenum content “initially present in the powder), preferably the
conposi tion of theCBPEEHRCHERD nfRE ufésEBRITST R Itk ?m%ntﬂ@@gﬁ§ﬂ?ogen or
anot her reduci ng phasta gas. 30 18. The process as clainmed in any one of
claims 15 to 17, characterized in that a keying subl ayer is
deposi ted, before thermal spraying of said conpound, on the surface portion
of the target ith qBst PeRcess 9. ctRamgfodessladmcllar msderachayli e of
gl ai ms 1ﬁ150| 18, charagterhzedompotihat ibﬂ@pkéﬂ/@@t ihsat beamebt ythegul at ;ad
uring the plasm raying. _-_30.- 20. The process.as clained in one o
clainms 15 to 19, cE‘%Pac}feeerq} zgar?(ﬁdtﬁ%t lflhneseﬁjgv\ﬂrelg gcgr?ﬁlos%]ﬁl(?r?do‘fllggi d
sprayed conpound campricsasspowter tpapt irdlessunet Hhatsinay dizngs bbre®dn gi ven

by 5 < D10 < 50 pms5058aPMes 30 0<nb3@, P¥o and 49 BhestD989n <oRPfepm 21
The process as clained in one of ains, 15 tq,20, characterized in that the

cl
oxygen content preSERTCERt AEMP IR i"H R Pdétformis more than 5% ess

20
17. The process as claimed 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 is 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 1is
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 claims 15 to
18, characterized in that the target is thermally
regulated during the plasma spraying.



10than that initially present in the starting powder. 22. The process as
claimed 1n one of clarnms 15 to 21, characterized in that it includes a
subsequent 15 heat treatnent step in a reduci ng atnosphere for the purpose
of reducing the oxygen content present in the target after the therna
spraying step. 23. The process as clained +n any one of clains 15 to 20
22, characterized in that several conpound injectors are used for
injecting, at2diffehenprpotst saofclabnedermedng etf dififver erit tratlétd al s for
whi ch the injectiop,pal ARl &f& akh ar;qvlaLf:St@}Qie %@@eegdewfpsssa%eadlw to the
materials injected 25 nto each injector. target of nom nal_thickness
(e), conprising ats?e%sﬁpéﬁ§eﬁnﬁyﬁﬁ@ﬁﬂﬁ}&Qﬂﬁf%ﬁ%ﬁxﬂﬂﬂ?eﬁwﬁﬁﬁl%ﬁ%?%m

oblt a|b3ed bybt hedp][QQCBSEG.SJ.(ZbaldﬂEdrtLBuﬁD&n opeveai 13Pchad k18 $® 1288, 25. A
nmol ybdenu ase m i ne e target aimed in an
one of clg$ns 1 tob§4P83éa%% QA?%Q gss or Pgduc? ggazﬁgl denumbasedy
film especially a nolybdenumfilm obtained by sputtering a target,

characterizedyiin thgt f)i":l@cééié ggt ESa oA ﬂedorbé/ &hec i 0ee SIS aﬁo ci@ined in
any one of clains 1§ g 31 - %6 27. 28. Q;
aractérized in tha the oxygen conten 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 healt treatment step in 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 several compound
injectors are used 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.

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, obhtained by
sputtering a target, characterized in that the
target 1is obtained by the process as claimed in
any one of claims 15 to 23.



29. 30. 20 An MoSi 2 filmobtained by sputtering a target as clainmed in
‘claim 3. A flTat display screen that includes a filmas claimed 1 n claim 25.
The flat display screen as clainmed in claim?27, which screen nay be
obt ai ned by one of the follow ng technologies: TFT (Thin Film Transistor),
LCD (Liquid Crystal Display), PDP (Pl asga Display Panel), OLED (Organic
Light-Emtting D ode), ILED (lnorganic Light-Emtting D ode) or FED (Field
Em ssion Display). A sem conductor conponent that includes at |east one
filmas claimeg inygl ﬁbmgfiflmeo%glaédabv 9Pt echalmad drgelaiqm 26 as a

mask in the fabrlcatlon of . a sem cgonduct or “conponent .
claimed in claim 3.

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

28. The flat display screen as claimed in claim 27,
which screen may be obtained by one of the

10 following technologies: TEFT (Thin Film
Transistor), LCD (Liguid <Crystal Display), PDP
(Plasma Display Panel), OLED (Organic Light-

Emitting Diode), ILED (Inorganic Light-Emitting
Diode) or FED (Field Emission Display).
15
29. A semiconductor component that includes at least

one film as claimed in claim 26.

30. The use of a film as claimed in claim 26 as a mask

20 in the fabrication of a semiconductor component.



