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sputter target conprising a doping el enment whereby the

deposited coating is substantially free of said doping
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Both methods have some drawbacks.

Instabilities in the process, arcing, poisoning of the target and
disappearing anode are well known phenomena associated with

20 reactive sputtering processes.

Another drawback of reactive sputter processes is the oxidation of the
metallic substrate that may occur at high temperatures due to the
presence of oxygen. This problem occurs in particular in case of in situ
heating during the reactive sputtering.

25 This can have negative implications on the quality of the deposited
layer and on the interface quality between the substrate and the
deposited layer. This is well known in processes such as epitaxial
growth of biaxial textured buffer layers for high temperature
superconductors in which oxidation of the substrate can destroy the

30 texture.

A method to avoid these problems is to sputter from a ceramic target.
However, due to the low electrical conductivity of the ceramic material,
these targets cannot be used in a direct current (DC) sputtering

35 process.



texture. A nethod to avoid these problens is to

sputter froma ceramc target. However, due to the |ow
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targets cannot be used in a direct current (DC)

sputtering process. They can only be used in an RF

sputtering process. RF power supplies presently

avai l abl e are not suitable for large area coating with

hi gh power. The |limted heat conductivity of the

ceramc also limts the maxi num power density of a
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prior art. T®increasakeimibe elasiriel cotduehalianddne et qopauctvity of

provi de a geihffc B&th@ﬁﬁ&%rbetaa%@Fnb%rﬁé’nt%@%b%rd'd@g to the
froma sputter target conprising a doping el enent

whéPeby t hepulleptssgete dlowsxaen ag th th%d%rﬂgelamenb\rvllI;befm@zfp@ﬁted in
this dopi ngeel805t colahn%s?t fRay Hé\;é@ﬁeémlv@%tﬁeelfon the properties

invention to provi utter target suitab
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15 It is an object of the present invention to provide a method to deposit a
coating on a substrate avoiding the problems of the prior art.
It is another object of the invention to provide a method to deposit a
coating by sputtering from a sputter target comprising a doping element
whereby the deposited coating is substantially free of this doping

20 element.
It is a further object of invention to provide a sputter target suitable for

direct current (DC) or pulsed DC sputtering.

According to a first aspect of the present invention a method to deposit
25 a coating on a substrate by sputtering from a sputter target is provided.
The sputter target comprises as sputter material a main component and
a doping element.
The substrate is heated during sputtering to obtain a deposited coating
that is substantially free of the doping element.
30 The substrate is for example heated to a temperature higher than 200
°C.



The sputter target conprises as sputter material a

mai n conponent and a doping el enent. The substrate is
wheaveesouri ng sputtering to obtain a deposit eBCT/BRL0D6IQH6776

that is substantially free of the doping elenent. The

substrate is for exanple heated to a tenperature

hi gher than 200 C The net hod pref e%ably conprises the

subl i mati on and/ or evaporati on of the dopi ng el enent

during the sputter process or conprises the

sublimati on and/ or evaporation of a reaction product

of the dothmgmett@dmnefetdmt cargprisee dheesudionation até¥er evaporation of

sputter t
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500C, 600 Igowr prezoatdy, s tﬂnnpmtatuuenot the delﬁsttaéejls@sq tngher than
Chqgge of t?t%%rﬁp@rfattﬁe %Pﬁt%to%ﬂggti&{ Qﬁgrﬁlg]eer This can for example be
realized by heating the substrate, by cooling the deposition chamber or
by a combination of both.
In a preferred embodiment of the present invention, the substrate is
heated to a temperature higher than 200 °C and more preferably to a
20 temperature higher than 300 °C, 400 °C, 500°C, 600 °C or 700 °C.

Sublimation is defined as the change of state of a substance from the
solid state to the gaseous state without first becoming a liquid.
Evaporation is defined as the change of state of a substance from the
25 liquid state to the gaseous state.
After sublimation and/or evaporation, the doping element or the
reaction product of the doping element condenses, for example on
the walls of the vacuum chamber or on cooling shields placed in the
vacuum chamber.
30
The method is in particular of importance for sputter materials of a
sputter target having as main component a component having no

conductivity or having a low conductivity. By doping such a sputter



solid state to the gaseous state wi thout first

becom ng a liquid. Evaporation is defined as the
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to the gaseous state. After sublimtion and/or

evaporation, the doping el enent or the reaction

product of the doping el enent condenses, for exanple

on the walls of the vacuum chanber™or on cooling

shiel ds placed in the vacuum chanber. The nmethod is in

particul ar of inportance for sputter materials of a
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and/ or evaporation tenperature in vacuum can be
The doping element or a reaction product of this doping element
created during the sputtering preferably has a low sublimation
temperature and/or evaporation temperature in vacuum.
The sublimation and/or evaporation temperature in vacuum can be
20 calculated via the Clausius-Clapeyron law :
T =Ty /(1+ Ty " In(p,/ p)/(L/k))

whereby Ty is the sublimation and/or evaporation temperature at
standard pressure po;
k is the Boltzmann constant;

25 L is the latent heat vaporization per molecule.

Preferably, the doping element or the reaction product thereof has a

sublimation and/or evaporation temperature lower than 700 °C, more

preferably the sublimation and/or evaporation temperature is lower than
30 600 °C or even lower than 500 °C as for example 400 °C.



calcul ated via the O ausius-C apeyron law : Tp =
/(I + To * In(po/ p)/(L/ k)) whereby TO is the
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pressure p0; k is the Boltzmann constant; L is the
| at ent heat vaporization per nolecule. Preferably, the
dopi ng el enent or the reaction product thereof has a
subl i mati on and/ or evaporati on ter'rg'er ature | ower than
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This selectively deposition has as advantage that the doplng element

15 can be recovered more easily.

As main component of the sputter target any metal or metal alloy or any
oxide, nitride or mixture of oxides and nitrides can be considered.
The method according to the present invention is in particular suitable
20 for sputter targets having a target material with as main component a
component having a low electrical conductivity such as ceramic
materials as for example zirconium oxides, either stabilized or non
stabilized. Zirconium oxide can for example be stabilized with yttrium,
calcium or magnesium.
25 Other examples comprise cerium oxide (f.e. CeQO,), aluminium oxide
(f.e. Al,O3), lithium cobalt oxide (f.e. LiCoO,), chromium oxide (f.e.
Cr,03), indium oxide (In,Os3), titanium oxide (f.e. TiO,), LiPON, strontium
barium titanate (SrBaTiOs3), ...
Also sub- and superstoechiometric variants of these oxides can be

30 considered.

As doping element in principle any element that is sublimating and/or

evaporating in vacuum at a relatively low temperature or that is



for sputter targets having a target material with as

mai n conponent a conponent having a | ow el ectrical
wa@oendoesvd/ity such as ceramic materials as forPERBPPD&066776

zirconi um oxi des, either stabilized or non stabilized.
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15 electrical conductivity of the target will be.

Preferably, the concentration of the doping element is between 1 and
50 wt%, for example between 1 and 40 wt% or between 2 and 20 wt %,

as for example 5, 10, 15 wt%.

20 In principle, the method according to the present invention can be used
to deposit any type of coating.
Preferred coatings comprise ceramic coatings such as oxides, nitrides
and oxynitrides.
Examples of coatings comprise zirconium oxides, such as YSZ (yttrium
25 stabilized zirconium}), cerium oxides, aluminium oxides, lithium cobalt
oxides, chromium oxides, indium oxides and titanium oxides,
SrBaTiOs,...

As the deposited coating is substantially free of the doping element, the

30 properties of the coating are not influenced by the doping element.

According to a second aspect of the present invention, a sputter target

is provided. The sputter target comprises a sputter material. This



Preferably, the concentration of the doping elenent is

between 1 and 50 wt % for exanple between 1 and 40 wt %
w@eoobesaseen 2 and 20 wt % as for exanple 5, 1BCT/EB2006/066776

w% In principle, the nmethod according to the present

i nvention can be used to deposit any type of coating.
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target according to the present invention has a
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15 pressing such as cold or hot isostatic pressing.

Description of the preferred embodiments of the invention.

According to the present invention a planar 2 inch sputter target
comprising zirconium oxide/yttrium oxide (88/12) doped with 20-30 wt%
20 silver is provided.
The sputter target can be manufactured by any method known in the
art. A preferred method to manufacture the sputter target is by
spraying, e.g. flame or plasma spraying the target material on a target
holder. Although the target holder of the sputter target mentioned in
25 the example is planar, also cylindrical target holders can be considered.
An adhesion promoting layer can be applied on the target holder before

the application of the target material.

The target as described above is used in a DC sputter process (power
30 100 W) to deposit an YSZ coating on a MgO substrate.

The substrate temperature was 700 °C. The sputtering process was

done with on O, flow between 0.6 and 2 sccm and an Ar flow of 130

sccm.



by any technique known in the art, for exanple by
sprayi ng, sintering or pressing such as cold or hot
WO sm3ghatsvL pressing. Description of the preferP@dEP2006/066776
enbodi nents of the invention. According to the present
invention a planar 2 inch sputter target conprising
zi rconi um oxi de/yttrium oxi de (88/12) doped with 20-30
wt % silver is provided. The sputtéP target can be
manuf actured by any nethod known in the art. A
preferred nmethod to manufacture the sputter target is
by sprayi nthe pregsurtliratne vecuwhabambspway abaut 2 mbayet
material on a target holder. Although the target
hol der of the sputter target nentioned in the exanple
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in a DC sputter process (power 100 W to deposit an

YSZ coating on a MyO substrate. The substrate

t enper at ur puvesthé Ay substigteIOMbéEird @ pkdas esfry\asyY S Rere
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PhdPoSpect$-8retry. The concentration was bel ow t he
detection limt. Due to the high substrate tenperature
epitaxial |ayers of YSZ were grown. Biaxial textured

(200) YSZ layers could be deposited with a FWHAM of
3.5.CLAIM5 1. A nethod to deposit a coating on a
substrate by sputtering froma



sputter target, said sputter target conprising as

sputter material a nmain conponent and a dopi ng
we@bk@mmimso4 wher eby said substrate i s heated durP@OEP2006/066776

sputtering to obtain a coating that is substantially

free of said doping elenment. 2. A nmethod according to

claim1l, whereby said substrate is_heated during

sputtering to a tenperature hi gher‘9‘t han 200 C. 3. A

met hod according to claim1l or 2, whereby said nethod

conpri ses the sublimation and/ or evaporation of said

dopi ng el e@eAMSr conprises the sublinmation and/ or

evaporation of a reaction product of said doping

el enent during the sputter process. 4. A nethod

accgr di Bg 1.0 ,ametmnletoafegbhiea poatredirg sabsitats by vheteginy from a

sai d substrate i s heate sputtering to a ,

Comper at ur o HRHEF o S EUD Bk doBtPr Aidg a8 SPuter material a

evapor ati on t@apejoaipshentdndsaiishi d@@ieﬁ@nelvmaaéﬁy 335d sdbstrate is

met hod accordi one of the precedin

wher eby sai d ’é‘?ﬂ%?({ %wmésqugew @robai F@éi?ab@l tstsé‘lb?"i*‘i‘ﬁt'a”y
6. A nethod ag&obafdépingBenne of t he preceding

cl ai ms, whereby said sputter naterial has a

resistivity [ower than 15000 Wm 7. A nethod
according 30 A‘%tl%bea&forchﬁ?toocrlﬁﬁﬁﬂ'vﬂ%ré’dy%d@su%%f@@%eated

said sputter material has a resistivity | ower
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precedi ng cl ai ns, whereby said doping el enment or said
reacti on product of said dopingel enent has in vacuum a

subl i mati o® tA&mMsshed agcerdinguer claimaho720vi@relsy. satd methasd
according to ' | ai.J18, ar
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15 reaction product of said doping element during the sputter process.

4. A method according to any one of the preceding claims, whereby
said substrate is heated during sputtering to a temperature higher
than the sublimation and/or evaporation temperature of said doping

20 element.

5. A method according to any one of the preceding claims, whereby

said sputtering is DC or pulsed DC sputtering.

25 6. A method according to any one of the preceding claims, whereby

said sputter material has a resistivity lower than 15000 Q m.

7. A method according to any one of the preceding claims, whereby
said sputter material has a resistivity lower than 6000 Q m.
30
8. A method according to any one of the preceding claims, whereby

said doping element or said reaction product of said doping



10. A nmethod according to any one of the preceding

cl ai ns, whereby said doping elenent is present in said
wepuwrhessat erial in a concentration rangi ng bECTERW0d066776

and 50 wt% 11. A nethod according to any one of the

precedi ng cl ai ns, whereby said main conponent is

sel ected fromthe group consisting of netals, neta

al l oys, oxides, nitrides and m xtUurés thereof. 12. A

nmet hod according to any one of the preceding clains,

wher eby said main conponent is selected fromthe group

consi sti ng ofele@entumsdrivdeyunabsoblihationdgmgeratlretidwerrthan 700

cobal t OX|de,%§hron1un1OX|de i ndi um oxi de, titanium

oxi de, LiPON and strontiumbariumtitanate. 13. A

sputter target conpr|3|ng a sputter naterlal said

sputter er risin a mai n onen havi n

conduct i vi by e REoR I bl M Bl casind 2t Hreby
el egent bei ngsescedbpiﬁ@dlemgw& lectanfiora tihey group @bAsisRtgof silver,
conponent and saj d dopi el enent being present in a
concentrati oni"t &' |W§#WRb'§{ﬁﬂ M"Y material a

resistivity lower than 15000 Wm whereby said dopi ng

el enment or a reaction product of sai.d doping el emrent

i s sublimt- r@%@q%@oe@vg%}oaqqy@eq{t%e@g B &g iwhereby

sputter targedaid aoblﬁ@@Iehfén@lsspﬁé'éér@H $Hid B;Btﬂfé?%terﬂém A
sputter target according to claim 13, whereby said

redPstivity ieoncepiEtiontanoingbetwaem113nd 50 Wit t er

target according to claim13 or 14, whereby said

resistivi tiv) is lower than 1200 Wm 16. A sputter

target accbtofmpthes arepraimgiocodnyceng efghe Brecgding claims, whereby

whereby sai d rgshstd v orie%t IS QR tetdl\‘?t?n i'rfeo WiForsfsting of
sputter target accorJ$ P to any Sne 7'e BE% Sm@o
16, whereby saptls pwtalaﬂoysapgldes indtrides aabméxtiares U@re@‘ed
i n,a DC or pul sed DC
12. A method according to any one of the preceding claims, whereby
said main component is selected from the group consisting of
cerium oxide, aluminium oxide, lithium cobalt oxide, chromium
oxide, indium oxide, titanium oxide, LiPON and strontium barium

20 titanate.

13. A sputter target comprising a sputter material, said sputter material
comprising @ main component having no conductivity or having a
low conductivity and a doping element being semiconductive or

25 conductive, said main component and said doping element being
present in a concentration to give the sputter material a resistivity
lower than 15000 Q m, whereby said doping element or a reaction
product of said doping element is sublimating and/or evaporating in
vacuum when said sputter target is used in a sputtering process.

30

14. A sputter target according to claim 13, whereby said resistivity is
lower than 6000 Q m.



sputtering process. 18. A sputter target according to
any one of clains 13 to 17, whereby said doping
webk@mim3oor said reaction product of said dopi PQI/EP2006/066776

el ement has in vacuum a sublinmation tenperature | ower
than 700 C. 19. A sputter target according to any one

of clains 13 to 18, whereby said doping elenent is

sel ected fromthe group consistin@”ﬁf silver, gold,

anti nmony, bismuth and tin. 20. A sputter target

according to any one of clainms 13 to 19, whereby said

dopi ng el ehenA spattgrritagenacdordisgioctlaputd er14mtherabelsaich

a concentration. r.angi bet we and 50 w% 2 1. A
sputter targéFSQE%QSﬁFﬁﬁ”ﬁgméﬁ&oﬁﬁgmof claims 13 to
20, whereby said main conponent is selected fromthe

group consj sting of netals, tal alloys, oxides,
Nitr| dos bl APRYHREEOpRATOEHNG @z@nwgepqmaémsﬁgrt@é@ whereby

accerding to Ry redR@vief isorBarl 20 @ @, 1, whereby said
mai n conponent is selected fromthe group consisting

of zirconium oxides, stabilized zirconium oxides,
cor o, °x TEASPUNTRATIN oo /IR 8 0, whrsy
and titani um %8id gewter target is suitable to be used in a DC or pulsed DC
sputtering process.
10
18. A sputter target according to any one of claims 13 to 17, whereby
said doping element or said reaction product of said doping
element has in vacuum a sublimation temperature lower than 700
°C.
15
19. A sputter target according to any one of claims 13 to 18, whereby
said doping element is selected from the group consisting of silver,

gold, antimony, bismuth and tin.

20 20. A sputter target according to any one of claims 13 to 19, whereby
said doping element is present in said sputter material in a

concentration ranging between 1 and 50 wt%.

21. A sputter target according to any one of claims 13 to 20, whereby
25 said main component is selected from the group consisting of

metals, metal alloys, oxides, nitrides and mixtures thereof.

22. A sputter target according to any one of claims 13 to 21, whereby
said main component is selected from the group consisting of
30 zirconium oxides, stabilized zirconium oxides, cerium oxides,
aluminium oxides, lithium cobalt oxides, zinc oxides, chromium

oxides, indium oxides and titanium oxides.



