WD 2004/ 009865 PCT/ US2003/ 020725 FABRI CATION OF B/C N O Si DOPED
SPUTTERI NG TARCGETS Field of Invention [1l] The invention is directed to a
nmet hod ofwbDabed/magasng sputtering targets doped w th nomCraiSado3adais i ons
i ncl udi ng boron, carbon, nitrogen, oxygen and silicon by using atom zed or
crushed alloy powder or ultra fine boride, carbide, nitride, oxide, and
silicide powder and hot isostatic pressing. Background of the Invention [2]
Cat hodi ¢ sputtering processes are widely used for the deposition of thin
films of material onto desired substrates. A typical sputtering system
includes a plasma source for generating an electron or ion beam a target
that conprises a naterial to be atom zed and a substrate onto which the
sputtered material is deposited. The process involves bonbarding the
target material with an electron or ion beamat an angle that causes the
target material to be sputtered or eroded. The sputtered target material is
deposited as a thin filmor layer on the substrate. [3] The target
materials for SPNBR‘?CEA?EJI‘@UPBR%NV@@@@PE’D‘W?TE‘RW@SMF@GEYSV nor e
conplicated alloys. The use of conpl ex 6 elenent alloys is conmon in
the sputtering industry. Alloying addltlons such as boron, carbon,
nitrogen, oxygen, silicon and so on are frequently added to C-, Co-,
Fe-based alloys and other internmetallic alloys to nodify characteristics
such as deposited fil mgrain-size, surface energy and magnetic properties.
[4] The sence of non-netal additions |ike boron, carbon, nitrogen,
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oxygen materials is either in the formof pure
el ement 31] e. OFhedRiventigh s BRe&en to Pmdthod BE FAHOAIAG spRRBAKD dsrg étsk@o;md ride
and oxi The pure el enent phases such as boron and carbon and

corrpoundMHhagegnﬁak@dstslpnaencléémﬁ. brronnicarhare nigagers, omenvwdz@dwmdmas
PCT/ USZQ%@%QJ?\%?% or crushed alloy powder or ultra fine boride, carbide, nitride, oxide,

and silicide powder and hot isostatic pressing.

Background of the Invention

[21 Cathodic sputtering processes are widely used for the deposition of thin films
of material onto desired substrates. A typical sputtering system includes a plasma
source for generating an electron or ion beam, a target that comprises a material to be
atomized and a substrate onto which the sputtered material is deposited. The process
involves bombarding the target material with an electron or ion beam at an angle that
causes the target material to be sputtered or eroded. The sputtered target material is
deposited as a thin film or layer on the substrate.

[3] The target materials for sputtering process range from pure metals to ever
more complicated alloys. The use of complex 3 to 6 element alloys is common in the
sputtering industry. Alloying additions such as boron, carbon, nitrogen, oxygen,
silicon and so on are frequently added to Cr-, Co-, Fe-based alloys and other
intermetallic alloys to modify characteristics such as deposited film grain-size, surface
energy and magnetic properties.

[4] The presence of non-metal additions like boron, carbon, nitrogen, oxygen and
silicon to target materials is either in the form of pure elements, e.g. boron and carbon,
or in the form of compounds like nitride and oxide. The pure element phases such as
boron and carbon and the compound phases like boride, carbide, nitride, oxide, and



2 silicide, however cause spitting problens during sputtering. The present
I nvention provides a solution to this problem Summary of the Invention

[ 5] The pwe=eeoopsedenti on relates to a novel nethod of frabriseaBiongy2s
sputtering targets that are doped with non-nmetals such as boron, carbon,
ni trogen, oxygen and silicon or m xtures thereof or conpounds of
non-netals. The process conprises preparation of a pre-alloyed powder or
selection of ultra fine conpound powder of |less than 10 m crons,
preferably I ess than 5 m crons and nost preferably less than 2 mcrons. It
has been di scovered that spitting wi Il not occur when the above phases are
in formo articles of han 10 n siz After t he
ultra fi ﬁ'&c'g &B‘g‘?\é uss) SR P@&é‘?’ﬁ%r “”f‘ﬂes%t\ﬁﬂﬁg gf Rendresentd on

foll O\A/edpmm@stmgommstoa@hisppmm@ﬁs (HI P) consolidation. Powder pr ocessi ng
as above is enployed to nmake the target materials because of unique
advant ages over the prior art's nelting process, both technically and
econoni ¢ er objectives of this invention will becone
appar ent Qpb%‘nr%r?fb? \?meél'g detail ed description. Brief Description of the
Dr awi ngsidl6] Rbeecpresesnt |llzvemmn methies dot Benauet ompthogi of) faibricsting swm’leemg [ 7]

FIG 1 s Rw chart of the invention described here
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are in form of ultra fine particles of less than 10 microns in size. After the ultra fine
powders are blended together, the powder blend is canned, followed by a hot isostatic
press (HIP) consolidation. Powder processing as above is employed to make the
target materials because of unique advantages over the prior art's melting process,
both technically and economically. These and other objectives of this invention will
become apparent from the following detailed description.

Brief Description of the Drawings
[6] Reference is now made to the accompanying drawing wherein:

[7] FIG. 1 shows the process flow chart of the invention described herein.

Detailed Description of the Invention

[8] The alloy powders of the present invention include alloys and intermetaliic
alloys composed of 2 to 6 elements, including but not limited to Cr-, CoQ, Ru-, Ni-, or
Fe-based alloys. The alloy powders contain Cr, Co, Ru, Ni, or Fe, optionally alloyed
with Cr, Al, Pt, Ta, Zr, Mo, Ti, V, or W, and include at least one non-metallié addition
selected from B, C, N, O or Si.

[9] FIG. 1 shows the process flow for making the targets. The first step is the
preparation of raw material powders like atomized alloy powders of Ni-Al-B, Fe-B, Fe-

C, Fe-Si and so on or the selection of commercially available uitra fine compound



preparation of raw material powders |ike atom zed all oy powders of N -Al-B,
Fe-B, Fe- C, Fe-Si and so on or the selection of commercially avail abl e
ultra fineocoopmessd WO 2004/ 009865 PCT/ US2003/ 020725 3 paavusescs/ozeeh as
A1203, AIN, MoB and Cr203 of 10 microns or |ess. Atom zed powlers have
very fine mcrostructure because of extrenely quick cooling and
solidification, therefore it is the fiBst choice as raw materials. In sone
cases powders of fine mcrostructures can also be nade by nelting and
mechani cal Iy crushing ingots much nore economically than by atom zati on,
especially for small quantities of powder. Sone ultra fine conpound

powders |ike A1203, AIN, M 2 nd_.s on are also co rcially
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material configuration. [11] 'Ifhe encapsul ate nmateri al e canning step
i s t hen @Wavibblarelnombineds Hopecipk blandinge apd ewarmegenizing) methogs oinstidee bathown
in the : ; | t4, ' I AN |.C ge
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be | i necdheiallby pewidertsaamciohmixtunedect ubstanitially hochogbreqursefos best results.

[10] Proper canning techniques are needed to avoid segregation during canning.
The powders are canned in preparation for consolidation. In canning for example, a
container is filled with the powder, evacuated under heat to ensure the removal of any
moisture or trapped gasses present, and then sealed. Although the geometry of the
container is not limited in any manner, the container can possess a near-net shape
geometry with respect to the final material configuration.

[11] The encapsulate material from the canning step is then consolidated via Hot-
Isostatic-Pressing (HIP), a procedure known in the art. A HIP unit is iypically a
cylindrical pressure vessel large enough to house one or more containers. The inner
walls of the vessel can be lined with resistance heating elements, and the pressure
can be controlled by the introduction of inert gas within the container. HIP parameters
including temperature, pressure and hold time will be minimized to prevent the growth
of compound phases and grain size, as well as to save energy and to protect the
environment. Pressures of about 5 to about 60 ksi (preferably 10-20 ksi) at
temperatures between about 500°C to about 1500°C (preferably 600-900°C), are
typically employed to achieve appropriate densities. Depending upon the complexity
of the cycle, total hold times during isostatic pressing typically vary from about 0.5 to
about 12 hours. It is noteworthy that other powder consolidation techniques such as



can be controlled by the introduction of inert gas within the container.

H P paraneters including tenperature, pressure and hold tinme wll be

m ni M zedwDeopr@vsit the grow h of conpound phases andPpgmaisaomsioze2s as wel |
as to save energy and to protect the environnent. Pressures of about 5 to
about 60 ksi (preferably 10-20 ksi) at tenperatures between about 500C to
about 1500C (preferably 600-900C), are4 typically enployed to achieve
appropriate densities. Depending upon the conplexity of the cycle, total
hold tines during isostatic pressing typically vary fromabout 0.5 to

about 12 hours. It is noteworthy that other powder consolidation techniques
such as 4/ 009865 [ US2003/ 020725 4 hot . pressi,ng, and. col d pr.essi ng
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[12] Aftith¢iPpobiedaingon, the solid material form(billet) is remved from
the encapsulation can, and a slice of the billet can then be sent to be
tested a@tztéo k&grious gc;?.pert'es of the hil]let. |f desired, the billet can
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[13] Table 1: alloys manufactured using the method described herein.

Materials Typical Chemistry

Co-Cr-Pt-B Co61at%-Cr15at%-Pt12at%-B12at%

Co-Cr-Pt-O-Si | Co56at%-Cr18at%-Pt16at%-03.33at%-Si1.67at%

Co-Pt-B-C Co60at%-Pt20at%-B16at%-C4at%

Co-Ta-N Co50at%-Ta50at% doped with nitrogen of 5000 ppm

Co-Ta-Zr-O-Si | Co85at%-Tab5at%-Zr5at%-03.33at%-Si-1.67at%

Co-Ti-Pt-B Co62at%-Ti6at%-Pt12at%-B20at%

Cr-B “Cr97at%-B3at%

Cr-Mo-B Cr80at%-Mo15at%-B5at%

Cr-Mo-O Cr80at%-Mo20at% doped with oxygen of 6000 ppm

Cr-O Cr doped with oxygen of 5000 ppm

Cr-Ti-B Cr80at%-Ti16at%-B4at%

Cr-V-0 Cr80at%-V20at% doped with oxygen of 4000 ppm
Cr-V-Zr-O Cr79at%-V20at%-Zr1at% doped with oxygen of 4000 ppm

Cr-W-0 Cr90at%-W10at% doped with oxygen of 6000 ppm




Co-Ti - Pt-B Cob62at % Ti 6at % Pt | 2at % B20at % Cr-B Cr97at % B3at % Cr-Mo-B

Cr8Cat % Mo 15at % B5at % Cr - Mb- O Cr 80at % Mb2Cat % doped wi t h oxygen of 6000
ppm Cr - GvOr2oaioppesbswi t h oxygen of 5000 ppm Cr-Ti - B Cr 8CarC¥sURBateeB4at %
Cr-V-0 Cr8Cat % V20at % doped wi th oxygen of 4000 ppm Cr-V-Zr-0O

Cr 79at % V20at % Zr 1 at % doped wi th oxygen of 4000 ppm C-WO Cr9Cat % W

Oat % doped with oxygen of 6000 ppm WO 2004/ 009865 PCT/ US2003/ 020725 5
Cr-Zr-O Cr99at % Zr1 at % doped wi th oxygen of 4000 ppm Fe-Co-B Fe56at % Co31
at% Bll at% Fe-Si-Al Fe73at% Si 17at% Al 1 Cat % ( Sendust) Fe-Ta-C

Fe8Cat % TaBat % Cl2at % Ni - Al -B Ni SOat % Al 50at % doped wi th bor on of 2500 ppm
Ni - Al - N Ni 48at4s-Al48atl-depad ni-troaan 194 N - Al

oAt~ /70T

Ni 5Qat % Al 50a} A @Sed wit h ‘c?&?ﬁﬁuﬁ %ﬁgeéévﬁ?)m'thﬁ&y%" o WRORETS Al 50at o p
doped with oxyE.Egn_oj_saao_ Ru- Al - N Ru50Qat % Al 50at % doped with nitrpgen
of 4000 ppm EXSiA6s [ 14] p'%@at%r%%\m‘é -Bilath es denonstrate the preskent

I nvention further, but should not be construed as a limtation of the
present invent Ferdi-Athe pr oclee&iad%t il 7al%-AltRat%r (Seindust)e sinilar with each
other as showh in Figure 1, and the main differences are various

conbi nat i ons gFe{‘léaA»Crrat er | pF s80atvias84%-Cli2aPo Exanpl e 1. Production
Cr-M> Based Sputtering Target Wth Boron Content

Ni-Al-B Ni50at%-Al50at% doped with boron of 2500 ppm

Ni-Al-N Ni48at%-Al48at% doped with nitrogen of 4 at%

Ni-Al-O Ni50at%-Al50at% doped with oxygen of 5000 ppm

Ru-AI-O RuS0at%-Al50at% doped with oxygen of 5000 ppm

Ru-Al-N Ru50at%-Al50at% doped with nitrogen of 4000 ppm
Examples

[14] The following examples demonstrate the present invention further, but should
not be construed as a limitation of the present invention. The processes for all
materials are similar with each other as shown in Figure 1, and the main differences
are various combinations of raw materials (powders).

[15] Example 1: Production Of Cr-Mo Based Sputtering Target With Boron Content
- Cr80at%-Mo15at%-B5at%

[16] The above alloy is made with the following powder blends, (1) Cr, Mo and ultra
fine MoB compound powder, and (2) Cr, Mo and pre-alloyed Cr-3.1wt%B powder that
is made with a vacuum induction melter at 1730 °C and mechanically crushing cast
ingots into powder at room temperature. Special attention must be paid to mixing all
powders together when ultra fine compound powder like MoB is used, otherwise
segregation may occur. Herewith an attritor mill or a ball mill must be used for
blending from 2 to 24 hours. The HIP parameters for this kind of alloy include the
temperature ranging from about 1000 — 1400 °C, at a pressure from about 5 — 40 ksi

and a hold time from about 1 — 12 hours. The cooling rate must be controlled too,



- Cr80at % Mol 5at % B5at % [ 16] The above alloy is nade with the foll ow ng
powder blends, (1) G, M and ultra fine MB conpound powder, and (2) Cr,
Mo and prwoabdanpeshsCr - 3. 1wt %8 powder that is nade w thpaTuseusmémsuct i on
nmelter at 1730 C and mechanical ly crushing cast ingots into powder at room

tenperature. Special attention nust be paid to mxing all powders together
when ultra fine conpound powder |ike I s used, otherw se segregation
may occur. Herewith an attritor mll or a ball m Il nust be used for

bl ending from2 to 24 hours. The H P paraneters for this kind of alloy
I nclude the tenperature ranging fromabout 1000 - 1400 C, at a pressure

f b fromab 12 hours. cool i ng
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and a hold plateau at 800 C for 6 hours is introduced to cooling phase.

[17] Exanple 2: Production O Co-Cr-Pt Based Sputtering Target Wth Si and

- /Cr t % Si.1..6 % o T di,f ferent
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conbi nat |
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attritor mill or a ball mll for 24 hours nust be enployed here t
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from abomus} be élr%plopgé' "here to mix all powders together homogeneously when uitra fine
compound powders like SiO; and Cr,O3 are used, otherwise segregation may occur.
The HIP parameters for this kind of alloy include the temperature ranging from about
600 — 1400 °C, at a pressure from about 5 — 40 ksi and a hold time from about 1 — 12

hours.

[19] Example 3: Production Of Cr-X (wherein X is Mo, W, V, Ti, Zr, Ta, or mixtures
thereof) Sputtering Target Doped with Oxygen -

[20] Cr80at%-Mo20at% doped with oxygen of 6000 ppm

[21]  Regular Cr, Mo and partly oxidized Cr powder of oxygen level 15000 ppm are
used to make the targets. The Cr powder of high oxygen is produced by oxidizing Cr
flakes at high temperature and then subjected to mechanical crushing. In this case,
only a part of the surface area of Cr powder is covered with oxides. Special attention
must be paid to Cr powder of high oxygen level and mixing all powders together in this
case, otherwise segregation may occur. Herewith an attritor mill or a ball mill may be
used for blending from 2 to 24 hours. The HIP parameters for this kind of alloy include
the temperature ranging from about 800 —~ 1400 °C, at a pressure from about 5 — 40
ksi and a hold time from about 1 ~ 12 hours. The cooling rate must be controlled too,
otherwise the HIPed billet may crack during cooling down. A cooling rate of 3 °C/min

and a hold plateau at 800 °C for 6 hours is introduced to cooling phase.



[19] Example 3: Production O Cr-X (wherein Xis M, W V, Ti, Zr, Ta, or
m xtures thereof) Sputtering Target Doped with Oxygen [20]

Cr 80at % MypCatfoodggsed wit h oxygen of 6000 ppm [ 21] Regulram/iSego3o7and
partly oxidized Cr powder of oxygen |evel 15000 ppmare used to nmake the
targets. The O powder of high oxygen is produced by oxidizing Cr flakes
at high tenperature and then subjected To nechanical crushing. In this
case, only a part of the surface area of Cr powder is covered w th oxides.
Special attention nmust be paid to C powder of high oxygen |evel and

m xing all powders together in this case, otherw se segregation nmay occur.
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segregation may occur. Heréwth an attritor
alloy include the temperature ranging from about 900 — 1400 °C, at a pressure from

about 5 — 40 ksi, and a hold time from about 1 — 12 hours. The cooling rate must be
controlled too, otherwise the HIPed billet may crack during cooling down. A power-off
furnace cooling and a hold plateau at 700 °C for 4 hours is introduced to cooling

phase.

[24] While this invention has been described with reference to several preferred
embodiments, it is contemplated that various alterations and modifications thereof will
become apparent to those skilled in the art upon a reading-of the detailed description
contained herein. It is therefore intended that the following claims are interpreted as
including all such alterations and modifications as fall within the true spirit and scope
of this invention.



may be used for blending from2 to 24 hours. The H P paraneters for this
kind of alloy include the tenperature ranging from about 900 - 1400 C, at
a pressurwofwemodsisout 5 - 40 ksi, and a hold tinme frompralyais2008/020722 hours.
The cooling rate nust be controlled too, otherwise the H Ped billet my
crack during cooling down. A power-off furnace cooling and a hold plateau
at 700 C for 4 hours is introduced to cboling phase. [24] Wile this

i nvention has been described with reference to several preferred

enbodi ments, it is contenplated that various alterations and nodifications
thereof will become apparent to those skilled in the art upon a reading of
t he det ai\)vg(&%scri ption contained herein. It is therefore intended that
the followmng clains are interpreted as including all such alterations and
nodi fications as fall within the true spirit and scope of this invention.
WO 2004/ 0098651 PCT/ USZO%/ 02(f')r7f25_ 8 We claim 1. A nethod of fabricating
sputter targets dogedTiNCd & Hahrcating) pputteratptoetsodoped avithetan swncmetallicsi ng

the steps of (a) pPreRAIINhOmetRIEEIMbkis hel el emental powders or
al l oys which are doped with at | east %‘%é %‘g‘r?@trr%%i) wherein the powders

have m crostructures of (Bkss RregAriRdouseleoting tavo materidd)eleraantahgowdels dot

i sostatic pressing; and i i f sputter target. 2..The

met hod according to cl aié% SW‘%& gtéqng?ééea ‘gﬁé%%a&ﬁ? OB%VQ?@F@‘B%? W%{?TPHSIB"enave
m crostructures that arepcudess have alitrpshocogansioess than abbet 1@kia8naccor di ng
to claim1, wherein the powders have

(b) canning;
(c) hot isostatic pressing; and
(d) machining to form a sputter target.
2. The method according to claim 1, wherein the elemental powders or

alloys have microstructures that are substantially homogeneous.

3. The method according to claim 1,' wherein the powders have
microstructures less than 5 microns.

4, The method according to claim 1, wherein the powders have
microstructures less than 2 microns.

5. The method according to claim 1, wherein the hot isostatic pressing is
conducted at a temperature between 500 °C to about 1500 °C, a

pressure between 5 to about 60 ksi and for a time between 0.5 to 12
hours.

6. The method according to claim 1, wherein the sputter tafget contains
Fe-Co doped with boron.



m crostructures less than 5 mcrons. 4. The nethod according to claim1,
wherein the powders have mcrostructures less than 2 mcrons. 5. The

met hod acwor2diamtes cl aim 1, wherein the hot isostatic pPCFAS2003/026725
conducted at a tenperature between 500 C to about 1500 C, a pressure
between 5 to about 60 ksi and for a tinme between 0.5 to 12 hours. 6. The
met hod according to claimi1, wherein tHe sputter target contains Fe-Co
doped wi th boron. WD 2004/ 009865 PCT/ US2003/ 020725 9 7. The net hod
according to claim6, wherein the sputter target contains Feb56at% Co3l
at% and 1311 at% 8. The nethod according to claim1l, wherein the sputter

target materi al i i1 xygen .or n|tr e The. net hod
according to 2[ ai m?@%%@ro g:J éﬁé‘,cto @Rggﬁ}t@tl%& Ea@ﬂe'%éh? eﬁpHggr E’Ug%toﬁ 'RE
50at % doped wi th &e§batto,ddoBRA%, ppdB11@t% The net hod according to claim 8,
wherein the sputter target contains Ru 50at% Al 50at % doped with nitrogen

of 4000 ppm 11 The nmet hod accordi ng to claiml, wherein the sputter
target materi en, nitrogen or boron. 12.

tain ed
The nethod ac or di 5 @\0 ?ﬁ@i' M@r@?'mthé"?‘@ﬁﬂﬁtt@? gRutigetargat aateyial
contai ns Ni 50at % Abé&a;n%mlm%ﬂydt\,mrp ndr rg%rppm 13. The net hod
arge

according to claim1ll, wherein the sp utter t material contains
Ni 50at % Al 50at % doped wi th Ndat % 14 The net hod according to claim11,

wherein the sButter target materi al
. The method according to claim 8, wherein the sputter target contains

Ru 50at%-Al 50at%, doped with oxygen of 5000 ppm.

10.  The method according to claim 8, wherein the sputter target contains
Ru 50at%-Al 50at%, doped with nitrogen of 4000 ppm.

11. The method according to claim 1, wherein the sputter target material
contains NiAl doped with oxygen, nitrogen or boron.

12. The method according to claim 11, wherein the sputter target material
contains Ni50at%-Al50at% doped with boron of 2500 ppm.

13.  The method according to claim 11, wherein the sputter target material
contains Ni50at%-Al50at% doped with N4at%.

14.  The method according to claim 11, wherein the sputter target material
NiS0at%-Al50at% doped with oxygen of 5000 ppm.

15. The method according to claim 1, wherein the sputter target material
contains Cr-Mo doped with boron or oxygen.

16.  The method according to claim 15, wherein the sputter target material
contains Cr80at%-Mo15at% doped with B5at%.



Ni 50at % Al 50at % doped wi t h oxygen of 5000 ppm 15. The nethod according to
claim1, wherein the sputter target material contains Cr-M doped with
boron or wewgemodsss. The net hod according to claim1l5, WwoEEs2en3tobe2sputter
target material contains Cr80at% Mbl5at % doped wi th BSat % WO 2004/ 009865
PCT/ US2003/ 020725 10 17. The nethod according to claim15, wherein the
sputter target material contains Cr 80at%% Mo20at % doped wi th oxygen of 6000
ppm 18. The method according to claim1, wherein the sputter target
material contains Cr-Ti doped with boron or oxygen. 19. The net hod
according to claim 18, wherein the sputter target material contains
Cr80at % Ti 16at % doped with B4at % 20. The nmethod according to claim1,
wherein the sputter target material contains Co-Cr-Pt doped with boron,

silicon, carbos, o e ] ot : : j to
o 00, e MR bR o UBEFTE, vy e, BoLASaRSA il
Co6l at % Cr 15at % Pt k2atitzslCpethi%-Mo2Batls dapéd with.oxyhen nE60@tippcor di ng t o
claim 20, wherein the sputter target material contains

Co56at % Cr 18at % Pt 16at % doped with 03.33at% Sil.67at% 23. The net hod
according to c¢laim wherein the.ra terjal, powdgrs are sel ected from
the group consiost i né"eofn O-C! a%‘?rﬁ"ﬁui%, g%i'"—" trw eha _cISpléthrot?&qeﬁdBﬂeﬁﬂhl ly
al | oyed with each aidntdins CF-TFopéd withtbordor kygedd, Ti, V, or W and
further contains at |east one non-netallic addition selected fromthe

group consisting of B, C, N, O or Si.

19.  The method according to claim 18, wherein the sputter target material
contains Cr80at%-Ti16at% doped with B4at%.

20.  The method according to claim 1, wherein the sputter target material
c(ontains Co-Cr-Pt doped with boron, silicon, carbon, oxygen or mixtures
thereof.

21.  The method according to claim 20, wherein the sputter target material
contains Co61at%-Cr15at%-Pt12at% doped with B12at%.

22. The method according to claim 20, wherein the sputter target material
contains Co56at%-Cr18at%-Pt16at% doped with 03.33at%-Si1.67at%.

23.  The method according to claim 1, wherein the raw material powders are
selected from the group consisting of Cr-, Co-, Ru-, Ni- or Fe-based
alloys, optionally alloyed with each other, or Cr, Al, Pt, Ta, Zr, Mo, Ti, V,
or W, and further contains at least one non-metallic addition selected
from the group consisting of B, C, N, O or Si.



