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invention is directed to a nethod of fabricating ductile internmetallic
sputtering targets by el enental elﬂd' ng and hot isostatic pressing.
Background of the Invention (02] Cathodic sputtering processes are w dely
used for the deposition of thin filnms of material onto desired
substrates. A typical sputtering systemincludes a plasma source for..
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be atom zed and a substrate onto which the sputtered material is
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materials for use in sputtering processes have devel oped frompure netals
to ever nore conplicated alloys. The use of conplex 3 to 6 el enent
conpBightief thadnveptionenel y brittle internetallic.alloys such N A, N Al,
RuAl, CoAl, TiAl and NNNb are conmmon in the sputtering industry.
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[02] Cathodic sputtering processes are widely used for the deposition of tlun films of

material onto desired substrates. A typical sputtering system includes a plasma souroe 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 basically involves
bombarding the target material with an electron or ion beam at an angle that causes the target
material to be sputtered or eroded off the target. The sputtered target material is deposited as
a thin film or layer on the substrate.

[03] The target materials for use in sputtering processes have developed from pure metals
to ever more complicated alloys. The use of complex 3 to 6 element compounds and
extremely brittle intermetallic alloys such NiAl, NiAl, RuAl, CoAl, TiAl and NiNb are
common in the sputtering industry. Alloying additions such as Cr, B, Zr, Ta, Hf, Pt, §i0;,
Tiz03, and so on are frequently added to B2 (i.e. NiAl, CoAl, RuAl, .) and other
intermetallic alloys to modify characteristics such as deposited film grain-size or surface
energy.

[04] Most intermetallic alloys are intrinsically hard and brittle, and some of them are less
thermal conductive than metals. Therefore, these intermetallic alloys, once consolidated info
solid forms pose daunting challenges associated with machinability into targets and service

ductility during cathodic sputtering. These materials typicaily exhibit very limited
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desired intermetallic phase. Another object of the present invention is to reduce the cost of
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target materials because the manufacture of intermetallic powders prior to HIP consolidation
is not a required step. Typically, alloy powders are manufactured using sintering or gas
atomization processes which tend to have very high associated batch run costs. These and
other objectives of this invention will become apparent from the following detailed

description.

Brief Description of the Drawings

[06] Reference is now made to the accompanying drawings wherein:
[07] FIG. 1 is a process flow chart of the invention described herein; and |
[08] FIG. 2a to 2h show the microstructures of some of the alloys represented in the Table.

Detailed Description of the Invention

[09] FIG. 1 shows the process flow scheme for making the targets of the invention. The
first step is the selection of raw material powders like Al, Ti, Ru, Ni, Nb, etc. at 10. It must
be pointed out here that at least one of the powders invoived must be a very fine powder such

as —400 mesh because of densification requirements. For instance, Al powder has an average
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[12] In step 40 following the blending process, the powders are canned prior to HIP

processing. 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 posses a near-net

shape geometry with respect to the final material configuration.

[13] As mentioned above, low-temperature/high-pressure hot isostatic pressing (HIP) at 50

is a requisite part of the process. The low temperature mitigates the formation of embrittling

intermetallic reaction zones between the elemental particles and high pressure ‘ensures

complete densification of the powder composite. As described herein, a temperature in the

range of 200 to 1000 °C and pressure in the range of 5 ksi to 60 ksi are employed for isostatic

pressing. The holding time af the designated temperature and pressure ranges from 0.5 to 12

hours. After HIP consolidation, the solid billet can be machined at 60 to final desired

dimensions using a variety of techniques including wire EDM, saw, waterjet, lathe, grinder,

etc. an of which are well known in the art. It is noteworthy that other powder consolidation

techniques such as hot pressing and cold pressing can also be employed independently or in
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H P consolidation, the solid billet can be machined at 60 to final
desPhases. di mensi ons using a variety of techniques including wire EDV
saw, waterjet, lathe, grinder, etc. an of which are well known in the
art. It is noteworthy that other powder consolidation techniques such as
hot pressing and cold pressing can al so be enpl oyed i ndependently or in O
3 OCT. 2005 WO_03/104522 4 PCT/ US03/ 16827 conjunction with H P processing,
depHalii ndable: qusymary of aloysiavesigaisd. nachining, the product is cleaned
and subjected to a final inspection at-70. [14] The follow ng table
depicts sone alloys manufactured using the invention described herein.
Fi gures Zﬁm&ﬁa&h(ﬂﬂpmﬂlcﬂmmw&prostruc ures associated with these alloys
and de allic reaction zones between the

i ndi vi duaN'y!i'@men &603%’3?,‘@%?/?@5&031” bl e: Sunmary of all oys |Qvest | gat ed.
Mat eri alisgymica (RE30atss Al50at% g

Co-Al Co50at%-Al50at%
Ti-Al T150at%-Al50at%
Ni-Al Ni50at%-Al50at%
Ni-Nb Ni50at%-Nb50at%

In the Table and Figures 2a-2f, Figures 2a-2b depict the Al-Ni-B alloy as an
overview and in detail; Figures 2c-2d depict the Ni-Nb alloy in an overview and i in detail;
Figures 2e-2f depict the Ru-Al alloy in an overview and in detail; Figure 2g deplcts the
microstructure of the Co-Al alloy, and Figure 2h depicts the microstructure of the Ti-Al
alloy. '

[16] While this invention has been described with reference to several preferred
embodiments, it is contempiated 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.
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is Cained Is ductile sputter targets that
have an internetallic chem stry, the nmethod conprising the steps of:

sel ecting ravblehdin@thcdlended pdwddys;powders; bl endi ng the bl ended powders;
canni ng the bl ended powders; hot isostatic pressing the canned powlers at

| ow tenperatures and at high
canning the blended powders;

hot isostatic pressing the canned powders at low temperatures and at high

pressures to mitigate the formation of intermetallic reaction zones;
forming a billet; and
machining the billet to form a target.

2. A method according to claim 1, wherein at least one of the powders or

alloys selected has a particle size of at least as small as -400 mesh.

3. A method according the claim 1 wherein the powders are selected so as to
form an alloy of the formula X-Al-Y, wherein Al is aluminum, X is Ru, Ti, Co or Ni,
and Y is Cr, B, Zr, Ta, Hf, Pt, Si0O,, or Ti;O;.

4, A methed according to claim 3 wherein the resulting alloy composition is
associated with a crystal structure selected from the group consisting of B2, L1,, DO or
L1,.

5. A method according to claim 3, wherein the Al powder has a mean

particle size of about 30 microns.

6. A method according to claim 1, wherein the parameters of hot isostatic
pressing comprise a temperature of 200 to 1000°C, a pressure of 5 to 60 ksi, and a time

period of 0. 5 to 12 hours.



pressures to mtigate the formation of internetallic reaction zones;
forming a billet: and machining the billet to forma target. 2.3 0§Trd88%hod
according to claim1l, wherein at |east one of the powders or alloys
selected has a particle size of at |least as snmall as -400 nesh. 3. A

met hod according the claim1 wherein Phe powders are selected so as to
forman all oy of the formul a X-AI-Y wherein Al is alumnum X is Ru, Ti,
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associated with a crystal structure sel ected fromthe group consisting of
B2, L12, DOL98.or  Aimkthd aclordRighe dlanh O OWHirbE thdtafdefbdhtains BPAI.EI N the Al
powder has a nmean particle size of about 30 microns. 6. A nethod
according to claim1, wherein the paraneters of hot isostatic pressing
conprise a t efper ab weathestacopdingdo e, wherpindbstargst eont@ing TiAd0 ksi, and a
time period of 0. 5 to 12 hours. 0 3 OCT 2005 6 7. A nethod according
to claimi1, rei nt,ai n 8., A net hod ng to
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claiml, 10d%Cei n the target contains TiAl. 10. A nmethod according to

claim1, wherein the target contains Al-30at%Ni - 1 Cat%r. 11. A nethod

according to cI ai m 1, wherein_the target contains N Al and/or N Nb.
11 A method according to claim 1, wherein the target contains NiAl and/or

NiNb.



