WO 2004/ 009865 FABRI CATION OF B/ C/ NfQ' Si DOPED SPUTTERI NG TARGETS 2 0 MAR
2006 Field of Invention Ill The invention is directed to a nethod of
fabricati NP 34099865 ng targets doped with non-metal additions i &M
boron, carbon, nitrogen, oxygen and silicon by wusing atom zed or crushed
all oy 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 filns of
material onto desired substrates. A typical sputtering systemincludes a

pl asma source for generating an electron or ion beam a target that
conprises a material 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 sEABRICATION OF S76/N/@ISEDOPED SPUT TERING TARGERY nore
conplicated alloys. The use of conplex 3 to 6 elenent alloys is common in

the sputtering industry. Alloying additions 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 Eiﬂgﬁie{]'g'e of non-nmetal additions |ike boron, carbon, nitrogen, oxygen
and sil TEFhOtEVERYYLt nmterials is either in the formof pure el enents,
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and silicide powder and hot isostatic pressing.

Background of the Invention

[2]  Cathodic sputtering processes are widely used tor 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 fo 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-metail 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 beride, carbide, nitride, oxide, and



Summary of the Invention [51 The present invention relates to a novel nethod
of fabricating sputtering targets that are doped with non-netals such as
boron, caMioM+/#EsSogen, oxygen and silicon or mxtures thereo? 0§AR 006
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 less than 5 microns and nostZpreferably less than 2 microns. It
has been di scovered that spitting will not occur when the above phases are
in formof ultra fine particles of less than 10 microns in size. After the
ultra fine powlers are bl ended together, the powder blend is canned,
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over t he ppvides asdlutiomed thimprablemess, both technically and economnically.

These and ot her objectives of this invention will becone apparent fromthe
follow ng detailed description. Brief Description of the Drawi ngs Reference

i s now m@nrhenidithéfh@mmanYi ng drawing wherein: FIG 1 shows the process
flow chart of the invention described herein. Detail ed Description of the

| nvent i o] 8] Tﬂeepasem ipventions rejateshie @r seett methashof oabricatingd eputtdrimgs and

o oo ekl ofy BoBETRARCHRnetai .y 8 BB Soa bR italin hioPRiapecy

Co, Ru, Nllll,co@rorFmetml theeédfy o kcbmpeundsvidf mod-metdls. PThe broceds, covbprists, V,
or W and i ncl yde

east ope netal lic additjon selectedfromB C, N
2 or s Areparedies ofa §Fﬁyﬁ§°¥%&%§@@§§eﬁq¢$w1ﬂ HitFRoiencPPRUTCLPOyEqaY Of 1988 1 r s
step |s t r i al e I wder s
of R | 1 10 BRAOAS! BRerablytsInEh! & mBRIRCRAY M FeRTABToss (hah DI
avai | abl enigransa it ihas ttﬁﬁmpdmmww oaspittiog 8616 not ncmn\mmh}sabamahasajch as

fine m et eripe e ik ok eRE Mt 1 BiStons R nanBg MR hba e on
t her ef or epoviders atdslefided togatvers theapowdey biaidisi @inded) follewae by asiest igmatey s
press (HIP) consolidation. Powder processing as above is employed fo 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 intermetafiic
alloys composed of 2 to 6 elements, inciuding but not limited to Cr-, Co-, Ru-, Ni-, or
Fe-based alloys. The alloy powders contain Cr, Co, Ru, Nj, or Fe, optionally alioyed
with Cr, Al Pt, Ta, Zr, Mo, Ti, V, or W, and include at least one non-metallic 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



of fine mcrostructures can also be made by nelting and nmechanically
crushing ingots nuch nore economcally than by atom zation, especially for
smal | quaMt@ 2|&80%$> powder. Sone ultra fine conpound pomders | i ke MAR 2018,
AN, MOB, Cr203, 134C and so on are also comercially avail able, and

t herefore save both tinme and noney for .,new product devel opnent. Bl endi ng of
various powders together is preferable3because segregation occurs quite
often, especially when powders of differing particle size and gravity are
conbi ned. Speci al bl endi ng and honogeni zi ng nmet hods include ball mlling,
v- Dbl endi ng, tubul ar blending, and attritor mlling. Therefore, it is
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conj unct Icontauner 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.

(111  The encapsulate material from the canning step is then consolidated via Hot-
Isostatic-Pressing (HIP), a procedure known in the ait. A HIP unit is typically 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 600-800°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. [t is noteworthy that other powder consolidation techniques such as



with H P processing. [12} After consolidation, the solid material form
(billet) is renmoved fromthe encapsulation can, and a slice of the billet
can t hen e sdmbodses be tested as to various properties of the billet. |f
desired, the billet can be subjected to optional therno- nechaniichKAR 2006
processing to further mani pulate the mcrostructural and macro-magnetic
properties of the target. A so, the finhl shape and size of the sputter
targets can be forned, for exanple, by processes such as wire EDM saw,
waterjet, lathe, grinder, mll, etc. In these steps, the target can be

cl eaned and subjected to a final inspection (13) Table 1: alloys
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properties of the billet. if desired, the billet can be subjected to optional thermo-

mechanical processing to further manipulate the microstructural and macro-magnetic
properties of the target. Also, the final shape and size of the sputter targets can be
formed, for example, by processes such as wire EDM, saw, waterjet, lathe, grinder,
mill, etc. In these steps, the target can be cleaned and subjected to a final inspection.

[13) Table 1: alloys manufactured using the method described herein.,

Materials Typical Chemistry

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

Co-Cr-Pt-0-8i | Cob56at%-Cr18at%-Pt16ai%-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-8i | Co85at%-Ta5at%-Zr5at%-03.33at%-Si-1.67at%
Co-Ti-Pt-B Cob62at%-Ti6at%-Pt12at%-B20at%

Cr-B -Cr97at%-B3at%

Cr-Mo-8 Cr80at%-Mo15at%-B5at%

Cr-Mo-0 Cr80at%-Mo20at% doped with oxygen of 6000 ppm
Cr-O Cr doped with oxygen of 5000 ppm

Cr-1i-B Cr80at%-Ti16at%-B4at%

Cr-v-0 Cr80at%-v20at% doped with oxygen of 4000 ppm
Cr-V-Zr-0 Cr79at%-V20at%-Zr1at% doped with oxygen of 4000 ppm
Cr-W-0 Cr90at%-W10at% doped with oxygen of 6000 ppm




C r8Cat % Mo 15at % B5at % Cr 8Cat % Mb2Cat % doped wi t h oxygen of 6000 ppm Cr
doped with oxygen of 5000 ppm CrBGat % Ti 16at/o-84at/o Cr84at % V20at % doped
wi t h oxygem 0bs/ebogd ppm Cr 79at Yo- V2Cat % Zr 1 at % doped with oxygen of 4000
ppm Cr-WO | Cr9 Oat% W | Oat% doped with oxygen of 6000 ppm W3 MAEBDHO865
52 0 MAR 20CE Cr-Zr-0OCr99at % Zrl at % doped with oxygen of 4000 ppm

Fe- Co- BFeb56at/ 0-Co31 at% B 11 at% Fe- S - Al Fe73at % Si 17at % Al 10at % ( Sendust)
Fe- Ta- CFe80at 11 % Ta8at % Cl2at % Ni - Al - BN150at % Al50at % doped wi th boron of
2500 ppm Ni - Al - NNi 48at % Al 48at/ o doped with nitrogen of 4 at%

Ni - Al - QNi 50at % Al 50at/ o doped with oxygen of 5000 ppm

Ru- Ai - CRub50at QLe~Al 50at %.d n-of 5000 npnm

Ru- Al - NRu5Cat Y8450 at % deméﬁ“ﬁﬁ' wyEeN SEAPRIRRM es [ 14) The
follow ng exanples dennnstfate the present invention further, but should

not be constr(&&-GeBn |ini | Beboat%CoBhal%PddaBh i nventi on. The processps for
all materialg are simlariwth each other as shown in Figure 1, and the
mai n di ff erenc&e-Siehle vari pHe78atlBBiFat% a10dt% Bendastr i al s (powders) . | {15)
Exanpl e-1: Production O C-M Based Sputtering Target Wth Boron Content -
Cr 80at % Mo15ati %eBpai 0 [ 15] FéBeatelivugatt]-Cqgatcs nade w th the TolTOW ng
powder bl ends, (1) Cr, M and ultra fine MB corrpound povvder and (2) Cr,

Mo and pre-all =371 T Hopd fe :
melter at 173( wa;]ga'r machanl ca y crgs |ngpcas |rrlgot 52| nt'o powder at
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Ni-Al-O Ni50at%-Al50at% doped with oxygen of 5000 ppm

Ru-Al-O RuS0at%-AiS0at% 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] Exampie 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-alioyed 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 controiled too,



segregation may occur. Herewith an attritor mll or a ball mll nust be used
for blending from2 to 24 hours. The HI P paraneters for this kind of alloy

i ncl ude tH@ 20beomegsat ure rangi ng from about 1000 - 1400 C, at a@@@omﬁ
fromabout 5 - 40 ksi and a hold time fromabout 1 12 hours. g

rate nust be controlled too, WO 2004/009865 6 2 0 MAR 2006 ot herw se the

Hi Ped billet nmay crack during cooling down. A cooling rate of 3 CUnin and a
hol d plateau at 800 C for 6 hours is introduced to cooling phase. [17]
Exanpl e 2: Production O Co-Cr-Pt Based Sputtering Target Wth Si and O
Content - Co56at% C rI 8at16-Ptl 6at% O3.33at% Siil. B7at % [ 18] Two different
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600 — 1400 °C, at a pressure from about § — 40 ksi and a hold time from about 1 - 12

hours.

[19] Exampie 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 atiention
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 miili 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 § - 40
ksi and a hold time from about 1 ~ 12 hours. The cooling rate must be conirofled 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.



the tenperature ranging fromabout 800 -- 1400 C, at a pressure from about 5
- 40 ksi and a hold tine fromabout 1 --12 hours. The cooling rate nust be
controlled too, otherwise the H Ped billet may crack during cooling down. A
cool i ng r¥PaIHfIUBeE mn and a hold plateau at 800 C for 6 hours is

I ntroduced to cooling phase. WO 2004/009865 2 i MAR 200E 7 [22] W
production of N Al sputtering target daoped with boron, oxygen rogen -
Ni 5Cat % Al 50at % doped wi t h boron of 2500 ppm [ 23] Gas- at omi zed Ni Al
internetallic powder and ultra fine A1203 and AIN powder of I|ess than 5
mcrons in dianmeter were taken for making Ni Al sputtering targets doped

W th oxygen or nitrogen. Besides gas-atom zed N Al powder, boron-doped gas-
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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 thereaof will
become apparent to those skilled in the arnt 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.



W claim A nmethod of fabricating sputter targets doped with a non-netallic
addition, the nethod conprising the s%eps of (a) preparing or selecting raw
material el enmental powders or alloys®which are doped with at | east one

non-netal selected fromthe group consisting of boron, carbon, cn%ge}taﬁﬁand
ni trogen, wherein the powders have m crostructures of |ess tha% about 10

m crons; WéFklawanni ng; (c) hot isostatic pressing; and (d) nmachining to form
a sputter target. 2. The nethod according to claim1l, wherein the el enental

powders or al,l oys ,hay i ructures tha re supstantially honmpbgeneous.
3. The met hod 1acco#"‘d.“ﬁ@"%’?iﬂ%ﬁfgﬂ{"f,spb!ﬁ%’rt&gﬁ‘ﬁfﬁ"e"eSa’%{ﬁ'eﬁ quiﬁ\?tal%

m crostructures | eadditibmithé meticodatasnpriding Thesteps bbd according to claim 1,
wherein the powders have mnmicrostructures less than 2 mcrons. 5. The net hod

according to claim1, V\/?erei n the hot isostatic pressi n%b'iPs conducted at a
0

tenperat ure between 500 (& REPATNA R spisingTawmaierigkelemenBLPOWISRS 87 t o about 60

ksi and for a time betweenalydwhhbée dBSad Kith &t leddl@naPbhmibtaGeicldNg t O
claim1l1, wherein the sputter target contaj ns _Fe- d with boron. 7. The

e- Co dope
met hod according to clai m #MiRIOUR cPRgisting af batory garhen. RyaenAt  FeS6at %

Co3l at% and Bll at% 8. diftegereinhetbimfePolidess hfveGhiefodirdeturtld®s Ris t he
sputter target mater | contalns RUuAl doped with oxygen or nitrogen. 9. The

met hod according to cl ai m Ban@ReVteidMiCHRSsputter target contains Ru
S0at % Al 50at % doped Wiphcanrirgen of 5000 ppm 9 2 0 MAR 2006

(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 homogenedus.

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 target contains
Fe-Co doped with boron.

7. The method according to claim 8, wherein the sputter target contains
Feb6at%, Co31at%, and Bl1at%.

8. The method according to claim 1, wherein the sputter target materiat
contains RuAl doped with oxygen or nitrogen.

9. The method according to claim 8, wherein the sputter target contains
Ru 50at%-Al 50at%, doped with oxygen of 5000 ppm.



10. The nmethod according to claim8, wherein the sputter target contains Ru
50at % Al 50at % doped with nitrogen of 4000 ppm 11. The nethod according to
claim1, wherein the sputter target c8ntains N Al doped wth oxygen,
nitrogen or boron. 12. The method according to claim 11, wher eilrl NAReZ08fpout t er
target contains N 50at % Al 50at % doped with boron of 2500 ppm 13. The

met hod accor dhog t(lfhéhﬁt?ﬁﬁcﬂécco | ©i daiint8; whrEin e spatt@etarde® BbRbIAS

Ni 5Cat % Al SCat % do eqig {AI% 4c'i Ee nmet hog gffcordl ng to claim 11,
wherein the sputteft Wtﬁ‘é /%uq‘?ge K18 HLEOGEA CEf /B’Qpred with oxygen of
5000 ppm 15. The method according to claim 1, wherein the sputter target

contains Cr-Wp dopgd nthdy %&b%ﬂodﬁi%@ﬁﬂvheﬂe@nth@ ultBf BARgbt 36Mainei Ng to
claim15, wherein the sputter target contai ns Cr 8Cat % Mol5at % doped with

B5at% 17. The rretﬁwd&’%%?"’&hﬁéyg%‘ BiraefR @5bOARer ei n the sputter target
contains Cr8Cat % szcat%doped wi th oxygen of 6000 ppm 18. The net hod

according to ai oped with
boron or oxygg?l ”gﬂ,ei%ﬂ A;@c%%&ﬁg %‘@éc atlh%%%&é{/}% eg{:%-[%ﬂg sputter
target contains CWE%@NWD&S%%D@GN@ horarhof@2890%pR0. The net hod accor di ng
to claiml, wherein the sputter target contains Co-Cr-Pt doped wth boron,

b T d [ I Q. wh
the sputter tdpget 1DBRdarkacebisind'®, GFiby 5 uPEfRl Podpub bl Bofdnetoa oo 22
The met hod accor di NifGatheeAladatVsldopeliavithiNddtite raw materi al powders are

selected fromthe group consisting of Cr-, Co Ru Ni - and Fe- based

al | oys, optio ally | oyed Wit h, _each cher Zr, Mo, Ti,
V, or W and f"urtﬂngi3 "&%h?‘h???@rdé'i‘g foiifn Hin é’hﬁfﬁ'f‘ msﬂ”p?rtaéﬁ?ﬁlf"?'?tﬁ‘ﬁssel ect ed
fromthe group coniisdatnogiedatth ddpedWithitsky§en 3105000 pkt. AR 2005

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

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

17.  The method according to claim 15, wherein the sputter target contains
Cr80at%-Mo20at% doped with oxygen of 6000 ppm.

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

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

20.  The method according to claim 1, wherein the sputter target contains
Co-Cr-Pt doped with boron, carbon or mixtures thereof.

21.  The method according to claim 20, wherein the sputter target contains
Cob1at%-Cri15at%-Pt12at% doped with B12at%.

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



23. A sputter target doped with a non-netallic addition, the sputter target
being formed by (a) preparing or selecting raw material elenental powders
or alloys which are doped with at le one non-netal selected _fr: 6}&0
group consi sting of boron, carbon, oxygen and nitrogen, wherei ﬁﬂt%g]@ ers
have m crostructures of |ess than about 10 mcrons, (b) canning the raw
mat eri al el en@At al Amputier targst dapadowith a on-metalic additkirathecsputtestergey t he canned

raw nateri al el ene ﬁ%ﬁf .| O . i i (d)

machi ning the bill g{eﬁbé& or myts(ﬁgﬁrs?B%Jt' ge%rsseiegruéﬂﬁ %ﬁer%@e%ﬁ{%ﬁer t ar get
accordi ng to cl ai np28denstoe atidys which e avped aith apleasicore ran-raklabysedied e

m crostructures th S eqQus.. ] putter target
according to cl ai mﬁggﬁhg\ﬁgr ic%n%?n%fér?dp%% é]@gﬁg’\%}@ 8@8?%@9#@@?8?%3 | ess than 5
m crons. 26. The spheted thegogdersdaye micogtriciurek af les@ handbeuei® t he powders
have m crostructur | L.Cr 27, The,sputter target, accordi ng
to claim 23, V\herelnﬁér? ﬂ%ﬁ@o&%@’@é?%ﬁ"‘é%ggepg@ﬂﬁanﬁeagptg%cﬁﬁﬁﬁ8f %I yg"ta(c}i

t enper at ur e bet weehotib@stalid pressimmytheabfed Gw mafariabaementabpovedens & t 0 about
600 ksi and for a tj bet ween.,0.. 12 hours. .28.. The utter target
according to clai magcg(%tﬁﬁ%%? ﬁ'“‘?‘ng“‘igqma&P'"f%tﬁsPﬁ'eE@r{P%{? %E’é‘ﬁ@'o doped with
boron. 29. The sputdrget.t arget according to claim28, wherein the sputter
target contains Feb5at% Co31 at% and Bl1l at% 30. The sputter target

according to ¢l ai 3, wherein the utter target  contains RuAl doped with
oxygen or ni tEﬁgem“z"gfpuﬁéargﬁh?“tcgfds“{)ﬁhﬁog%'mggcg’?‘ﬂf%%@?‘%ﬂ‘%ﬁ‘ﬁh 30, wherein
the sputter target powBéisarafioysthave atidfodtrudaitas hat arPasbswntifiyoxygen of 5000
ppm 32. The sputter tarrget according to claim 30, wherein the sputter

target contains RFOBEIEIZME 50at % doped with nitrogen of 4000 ppm 11

25.  The sputter target according to claim 23, wherein the powders have
microstructures less than 5§ microns. '

26. The sputter target according to claim 23, wherein the powders have
microstructures less than 2 microns.

27.  The sputter target according to claim 23, wherein the hot isostatic
pressing is conducted at a temperature between 500 °C to about 1500
°C, a pressure between 5§ to about 600 ksi and for a time between 0.5 o
12 hours.

28.  The sputter target according to claim 23, wherein the sputter target
contains Fe-Co doped with boron.

29. The sputter target according to claim 28, wherein the sputter target
contains Fe56at%, Co31at%, and B11at%.

30.  The sputter target according to claim 23, wherein the sputter target
contains RuAl doped with oxygen or nitrogen.

31.  The sputter target according to claim 30, wherein the sputter target
contains Ru 50at%-Al 50at%, doped with oxygen of 5000 ppm.

32.  The sputter target according to claim 30, wherein the sputter target
contains Ru 50at%-Al 50at%, doped with nitrogen of 4000 ppm.



2 0 MAR 200 6 33. The sputter target according to claim23, wherein the
sputter target contains N Al doped with oxygen, nitrogen or boron. 34. The
sputter target according to claim 33, wherein the sputter target cont a| ns
Ni 5Cat % Al 50at % doped wi th boron of 215300 ppm 35. The sputter tafggt g
according to claim 33, wherein the sputter target contains N 50at% AI 50at%
doped with Ndat% 36. The sputter target according to claim 33, wherein the
sputter targess. co‘ﬁlhcabmﬁtewiﬁgm%@ddﬁfgab%adnﬁedwmmm tha ypetreradrge000 ppm  37.

The sputter target the sputter target
contains Cr-M dope‘%ﬁgﬂ ﬁlli%%?é%d %bﬁfg%ﬁhm% qr r%rbutter target according

to claim 37, wherein the sputter target contains Cr80at % Ml 5at % doped with
B5at % 39. Tha4. spurmegpatwr gRyetancomiigng claim GBavHerdih thelphttrtargbe sputter

target contains C8 2 ed with ox 6000 ppm 40. The
sputter target accBPHf Nl% g&(ﬁ.ﬂdag% %%Wépﬁ°¥q%e°q§%h?P8W target contains
Cr-Ti doped with boron or oxygen. 41. The sputter target according to claim

40, wherein t#e spyhd ShutleiHgét ac@@r@?r@'tﬂ%la@ﬁ%%%r&rﬂtﬁé%ﬁ gﬁgewth B4at %

42. The sputter tar get accor °'Q$ A | ai m 23, wherein t ter target
contai ns Co- Cr- Pt WS0atdVafatedopad with N4ai%: ur es t hereof. 43. The
sputter target accordl ng to claim42, wherein the sputter target contains

Co61 at % Cr 15g4 % Pﬂg%%@e?gé\xﬁ%a%@gﬁag@%%tg% 3é4whgljéﬁt tﬁ?%{“géd’ t%rgépet accordi ng

to claim 23, ler ei n [ ers are om t he group
consi sting of Cr-,caiains NipOat’hsAISCatH doped with dxpddnayf$S000ppional |y al | oyed
with each other, or with G, A, Pt, Ta, Zr I\/b Ti, V, or W and further

cont ai ns at st e n metal |ic. addi ected fromthe group
consi sting ofs‘% ?H‘N %ﬁﬂer@rget accordmg 6'claim™2 Lerelnt esputter targefJ

contains Cr-Mo doped with boron or oxygen.

38.  The sputter target according to claim 37, wherein the sputter farget
contains Cr80at%-Mo15at% doped with B5at%.

39.  The sputter target according to claim 37, wherein the sputter target
contains Cr80at%-Mo20at% doped with oxygen of 6000 ppm.

40.  The sputter target according to claim 23, wherein the sputter target
contains Cr-Ti doped with boron or oxygen.

41.  The sputter target according to claim 40, wherein the sputter target
contains Cr80at%-Ti16at% doped with B4at%.

42. The sputter target according to claim 23, wherein the sputter target
contains Co-Cr-Pt doped with boron, carbon or mixtures thereof.

43.  The sputter target according to claim 42, wherein the sputter target
contains Co61at%-Cr15at%-Pt12at% doped with B12at%.

44.  The sputter target according to claim 23, wherein the raw material
powders are sefected from the group consisting of Cr-, Co-, Ru-, Ni-
and Fe-based alloys, optionally alloyed with each other, or with 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 and O.





