[ SPECI FI CATI ON] [ Name of Invention] Preparation nethod of Rutheni un{Ru)
powder for preparation of Rutheniumtarget [Technological Field] The
present invention is related to a produci ng nethod of Rul heni un{Ru) raw
mat eri al powder used in manufacturing a target or other Ru conmpound. In
particular, the present invention is related to a producing nethod of Ru
powder material, wherein Ratheni i S produced by applying a heat
process to high purity powder pﬂ§gﬁg§%?eéHQ6Pana, Ra oxide is changed into
a refi ngNasheagfdnvéntivmyh pul veri zation, high purity R d powder is produced
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high integrity related to a magnetic recordi ng nmedi um or next-generation
menory are required very eagerly.in order to neet this requirenent, the
present [Teclsrwiogienl plidd] des a produci ng nmet hod of Ru powder material which

is wdely used in a seed |ayer, for form ng a magnetic | ayer. [Backgraund of
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hi gh purjt owder .is r ired eagerly. A Ku target having refined crystal
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crystal particles. Generally, Ru target requires high purity and this
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such as a wet nethod, or a dry met hod and so on, in particular, production
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is executed fromthe initial stage of a production process, pollution of
tool conponent is generated in powder and a refining process of a netal, Ru
is not executed snoothly and easily because of properties of the netal.
Thus, there is a denerit that the prod&ction yi el d becones | ow. Further,
even when evaporation/condensation is executed by using a plasma net hod,
it: is possible to produce high purity and refined powder of Nanoneter



Therefore, handling is nmuch difficult in a sintering process. Rather, powder
of M croneter [ Contents of invention] [Technol ogical Objects] The
present invention is related to a manufacturing nmethod of high purity and
refined Rut powder by using waste Ru target. The present invention enploys
an eco-friendly dry nethod instead of a conventional wet nethod. That is,
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applying electricity af%er i ntroduci ng the washed waste Ru target into the
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electricity and . then, forcib di,spersing i.ngots. a step for selectively
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powder, powder is produced by forcibly dispersing ingots by using plasna
and th@#@ﬁ?@“ﬁ§8@§e high purity powder is produced, a netal. oxide is
produced t hrough a heat process, carbon which is mxed with Ru is

sel ectively renoved and sinultaneously, pulverization can be easily

execut ed, powder is pulverized into rgfilled powder havi ng an average
particle size of Sumthrough a refined pul verization process, and a



final refined and high purity Ru powder is produced through an atnospheric
heat process. Through these processes, the processing tinme is reduced

remar kably and condensati on generated due to a heat process is suppressed
as conpared with a conventional plasnma nethod. Therefore, it is possible to
produce Ru powder which is suitable for refined and high purity sinter.
Further, it is also possible to realize a production yield nore than 95%
and to produce powder having an average particle size of 5um Below, a
product ij0onte@thefdn®éntidig final powder is illustrated in FIG 1. The present
invention is characterized in that it includes a step(S10) for renoving
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t ar get itsthdepobiceédowdera sol vent for a short tinme, and a surface side is
cut by several tens of jail is enployed, or a physical nethod including the
mechani cal processing net hods such as a | athe or a grinding machi ne or MCT
and t heTéd@olobn@ SBMition] CONst ant thickness |ayer is removed. Wien
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pol I uta : j t I i ce(S20). It is possible to wash
i nsi de g@ﬁgﬁéﬁgﬂggfﬁﬁg?%ﬁéﬁg1%ﬁgg§§§g%g e?%%gso that inpurities O foreign
mat erial can not be m xed or introduced. A waste Ru target is nounted on

t he nvlf af t he maigﬁg i nside of the chanber and the di stance between a
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pollution can be easily renoved. For realizing this purpose, it is possible
that a &a#tbwat dlovasihiaditigrol | ution can be easily remmttel is wy
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a. cathode nold material used in a plasma process. It is possible to use Ru
of the s¥AsHIAstterd RASt heRt PEIcsErIEIGI Pliagha pgiiodys paweeed. Pl asma is formed by
deconpressing an inside of a plasma device, injecting a reaction gas, and
applying electricity. A pressure is reduced to | ton by a vacuum punp in
order to formplasma, a reaction. gas is injected and a working vacuum
degree is adjusted. Then, electricity Ps provided. Ar, H2, N2, CIL, or the
m xed gases such as Ard-El-i, and Ar+N2 can he used as a reaction gas.
There is a high possibility that It, N2, and 02 remain in a final Ru



If electricity provided to plasma is increased, a nolten netal is forned,
and di ssociated plasma is forcibly discharged while the tenperature of the
nolten netal is being increased. Then. Ru powder is forcefully dispersed
fromthe nolten nmetal, Such dispersed powder forns a circular hollow inside
and the particle size of powder havi ng 10-300umis produced. At this tine,
it is sibl e w 10kw,
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possibility that the remaining carbon may not be renoved sufficiently and
sufficient oxidization may not be realized if a tenperature is bel ow 800t
and th r bel ow 1 hour. There is a high possibility that
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deoxi di zation of Pmoxide is not realized sufficiently, In a case that a

heat process is perforned at tenperature above 1,200 t and for nore than 5
hour s, [Emépdimentsohlnyentioslsi bi | i ty that powders may he condensed"At this
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simultaneously, pulverization can be easily executed, powder is pulverized into refined

powder having an average particle size of Sum through a refined pulverization process, and a



[ Enbodinent 1.] ikg of a Rit target having a degree of purity of 3NS5 was
prepared in order to produce Ru powder, A chem cal process was applied to
a waste Ru target from which foreign substances were renoved by using a
heat pl asma device of 100kw cl ass, and thereby, Ru powder of 800g was
produced. The process procedures and the conditions arc as follows. First
of all, arget, i |.aced a carbon | d d then, .is unted on an
oqu prreriiret EHE bl e B8o0Ra BefRbd ¥ u OBl Clth ol 3 o B8, 58ng o
rotary prhpugnthesd gitocedstsatiipphesend Sintigreedud¥d NemgasblyPhad en@éns2@dawv i s
applied to the atnosphere by using plasma of a m xed gas including ArtN2.
Ru powdeengipsdudisdta A heat $ragays Hasunpressethas sprwargl Wely  epnentiond Masna

parti cl i 0Qu: . i i S an
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t hereby, the average particle size of H2pmis _acquired. The powder acquired
in this Ry P’é’dﬁ?eoﬂ%’éfgeé&a‘flﬁgBﬁﬁﬁerég%%?‘éﬁéﬁeﬁf%@pher e heat process at 850t

for 4 hayligy ansholitiifon hethM & BY RAMERIdCE A IRGrRLLAYG6d:, A a result of

anal yzi ng the pure Ru powder acquired as above through 1CP(Induction
Coupl ed TPlegsemt metihtow, isichatastedoaf inrthedt irtvhtdes b step(2 Mifghrepumirtgypglovebes
SR L T PREN U SR T R
PoLCEL Rk Cusfsan Routpl e Tophass Lasphacsep LEhesta vy gt o an
[tabl e Plasma device, injecting a reaction gas, and applying electricity after introducing the washed
waste Ru target into the plasma device; a step(S30) for producing Ru powder by increasing a
plasma electricity and then, forcibly dispersing ingots; a step(S40) for selectively removing
carbon by applying an atmospheric heat process to the produced Ru powder in order to
produce Ru oxide(RuOx) powder; a step(S50) for pulverizing the produced Ru oxide(RuOx)
powder into refined shape for producing refined Ru powder; and a step(S60) for producing
high purity Ru powder by applying a hydrogen atmospheric heat process to the produced Ru
oxide(RuOx) powder.
Below, the above-mentioned processes are explained in detail.
First of all, pollutants remaining on a surface of a waste Ru target are removed(S10).
Surface pollution remains on a surface of a used waste Ru target due to handling.  Thus,
when producing powder by using the waste Ru target immediately after removal, it is
possible to remove some pollutants through a plasma process, but there is a high possibility
that the pollutants may remain in Ru powder which is being produced. = This demerit acts
as one factor to reduce quality of a final target and it is possible that the remaining pollutants
are removed prior to the powder production processes. In removing the pollutants, a
chemical method wherein a waste Ru target is deposited in a solvent for a short time, and a
surface side is cut by several tens of pm is employed, or a physical method including the
mechanical processing methods such as a lathe or a grinding machine or MCT and the like.
Thereby, a constant thickness layer is removed. When pollutants are removed by the
mechanical processing methods, it is possible to remove a thickness of approximately 10um.

The main reason of it is that an oxidation layer may not be removed completely if the

thickness to be removed is too thin and yield of the final powder may be reduced if the
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thickness to be removed is too thick.

A plasma atmosphere is formed by decompressing an inside of a plasma device, injecting a
reaction gas, and applying electricity after introducing the waste Ru target in which pollutants
are removed into the plasma device(S20).

It is possible to wash inside of a chamber before a plasma process, so that impurities or
foreign material can not be mixed or introduced. A waste Ru target is mounted on the
mold of the washed inside of the chamber and the distance between a plasma torch and a
target is adjusted. The material of an electrode used for forming plasma is very important
and it is also important to minimize contamination. = Molybdenum (Mo), Tungsten(W),
Copper(Cu), Graphite, and Ruthenium(Ru) can be used as an anode mold material. It is
important to minimize contamination due to a mold in order to prevent a degree of purity of a
final powder from being deteriorated.  Even if contamination is generated due to a mold, it
is very essential to select a mold in which pollution can be easily removed. For realizing
this purpose, it is possible that a carbon for which pollution can be easily removed is very
advantageous. More preferably, even if pollution is generated, it is possible to use a high
purity Ru mold which does not affect a degree of purity at all.

Molybdenum(Mo), Tungsten(W) and Ruthenium(Ru) can be used as a cathode mold material
used in a plasma process. It is possible to use Ru of the same material for producing high
purity powder.

Plasma is formed by decompressing an inside of a plasma device, injecting a reaction gas,
and applying electricity. A pressure is reduced to 107 torr by a vacuum pump in order to
form plasma, a reaction gas is injected and a working vacuum degree is adjusted. Then,
electricity is provided. Ar, Hj, N3, CHy, or the mixed gases such as Ar+Hj, and Ar+N,
can be used as a reaction gas. There is a high possibility that H,, Ny, and O, remain in a
final Ru powder. Thus, when H,, N, O, are manufactured as a target for use in a
semiconductor line, they affect a process for forming particles during a film forming process.
As a result, it is most beneficial to employ Ar of ultra high purity. Even if it is possible to
use H, or Nj or as a reaction gas in order to increase a powder manufacturing speed, or a gas
component remains in the produced powder due to O; remaining in a chamber, since it is
possible to remove the remaining gas completely through a degassing process after
processing the powder into refined shape, it is also possible to select a gas according to a

working environment.



Th 0. 0005 Fe 0.0001 18

It is possible that the working vacuum level is set at approximately 100-300 torr. If the
level is below 100 torr, the amount of inert gas required for forming plasma is very small.
Thus, a direct transfer of heat is difficult. If the level is above 300 torr, a forced dispersing
due to plasma is not almost formed.

It is possible that a vacuum level is adjusted through other cooling gas element attached to a

device or a vacuum level control valve.

After forming plasma, Ru is produced by increasing electricity and forcibly dispersing ingot.
Then, Ru oxide(RuOx) powder is produced by selectively removing carbon through a heat
process(S30, S40).

If electricity provided to plasma is increased, a molten metal is formed, and dissociated
plasma is forcibly discharged while the temperature of the molten metal is being increased.
Then, Ru powder is forcefully dispersed from the molten metal. Such dispersed powder
forms a circular hollow inside and the particle size of powder having 10-300pm is produced.
At this time, it is possible that power of powder is below 10-50kw. If it is below 10kw, the
power is low and thus the molten metal is not formed.  Considering security of equipments
and control of evaporation reaction, the processes are performed at below 50kw.

If CHy4 is used as a reaction gas and a mold is graphite(C) in order to increase a production
speed of powder, carbon is introduced into produced powder. At this time, it is possible that
carbon is removed by an atmospheric heat process.

The object of the atmospheric heat process is to remove carbon and to easily pulverize
powder into refined shape by forming a Ru oxide.

Regarding a heat process condition, in case of the atmospheric heat process, it is possible that
a heat process is performed at a temperature of 800-1200C for 1-5 hours.  There is a high
possibility that the remaining carbon may not be removed sufficiently and sufficient
oxidization may not be realized if a temperature is below 800C and the process time is
below 1 hour. There is a high possibility that produced powder may be condensed if a

temperature is above 1200 C and the process time is above 5 hours.

Refined Ru powder is produced by pulverizing the produced Ru oxide(RuOx) powder(S50).
Ru powder undergoing the atmospheric heat process are pulverized into refined shape. At
this time, it is possible to employ Jet-Mill, Planetary Mill and Ball Mill as a pulverization

method. It is to be understood that Jet-Mill can be used as a pulverization method.  The



Ni

4.5 Co

main reason of it is that Jet-Mill method has the most strong pulverization power and
introduction of impure substances can be easily and most wonderfully controlled.

Pure Ru metal is not pulverized even by Jet-Mill, but pulverization is performed very
smoothly and easily in case of Ru oxide(RuOx). It is possible that the rotation speed of an
inside classifier of Jet-Mill ranges from 1500 RPM to 15,000 RPM. If the speed becomes
below 1,500 RPM, the particle size of powder is becoming too coarse. If the speed
becomes above 15,000 RPM, the production yield of powder is reduced tremendously and
remarkably. In particular, if the particle size of powder is too refined during a subsequent
atmospheric heat process, inert energy is reduced and thus, condensation of powder is
generated.  If the particle size of powder is too coarse, the crystal particle size of a final
target increases.  Therefore, it is most possible that a particle size of powder becomes

approximately Spm according to the experiment results.

High purity Ru powder is produced by applying a hydrogen atmosphere heat process to the
refined Ru oxide powder(S60).

The minutely pulverized Ru oxide powder is deoxidized and becomes high purity Ru powder
through a hydrogen atmosphere heat process. At this time, it is possible that a heat process
is performed at the temperature of 800-1200°C for 1-5 hours.  The main reason of it is as
follows. In a case that a heat process is performed at temperature below 800C and for
less than 1 hour, deoxidization of Ru oxide is not realized sufficiently. In a case that a heat
process is performed at temperature above 1,200C and for more than 5 hours, there is a high
possibility that powders may be condensed. At this time, it is possible that oxygen content
contained in the deoxidized Ru powder becomes below 600 ppm. It is more possible that
target of high density can be produced when sintering is performed if the oxygen content is
below 400ppm. A reaction surface space is increased by performing a hydrogen
atmosphere heat process and thus, the oxygen content in Ru powder is controlled so that high

purity Ru powder can be produced.

[Embodiment 1]

lkg of a Ru target having a degree of purity of 3N5 was prepared in order to produce Ru
powder. A chemical process was applied to a waste Ru target from which forcign
substances were removed by using a heat plasma device of 100kw class, and thereby, Ru

powder of 800g was produced. The process procedures and the conditions are as follows.
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First of all, a target is placed on a carbon mold and then, is mounted on an equipment.
Subsequently, a pressured is reduced to 1x107! torr by using a rotary pump and then, an
atmosphere is formed by N, gas. Plasma of 20kw is applied to the atmosphere by using
plasma of a mixed gas including Ar+N,.  Ru powder produced in this way has a shape of a
hollow center and has a particle size of 10-300um.  Carbon contained in powder is
removed through an atmospheric heat process at 850 C for producing a Ru oxide.  The Ru
oxide powder is produced by Jet-Mill under a condition such as 300g/hr and thereby, the
average particle size of 5.2um is acquired. The powder acquired in this way is processed
through a hydrogen atmosphere heat process at 850°C for 4 hours and thus, a pure Ru
powder can be produced. As a result of analyzing the pure Ru powder acquired as above
through ICP(Induction Coupled Plasma) method, it is confirmed that it is a high purity
powder having above 3N8. Further, it is confirmed through a gas analyzer that an oxygen
content is 380ppm. As a result, it is to be understood that purity of powder is improved
as a whole. Theses results are indicated in table 1 and 2.  FE-SEM photos of a finally
produced powder are illustrated in FIG. 2.

[table 1]

_I_mpuritg Embodiment 1

Na _ 2.6 ]
K 28

Th 0.0005
U 00001

Fe R
Cr 11

Ni 45

(Co |12 o
Cu 0.22

Al _ 0.96

ca |4

Total of impurities(O i

is excluded) S




a

Total of inpurities(O is excluded) 168,023

Final degree of purity | 99.983

* Unit of fnipurities g ppm
* Other Impurities : Li, Be, Sc, V, Mn, Co, Ga, Ge, As, Se, Br, Rb, Sr, Nb, Ag, Cd, In, Sn, Sb,
Te, 1, Cs, Ba, Hf, Ta, Au, Hg, Pb, Bi, and R

[table 2]
Impurities Embodiment 1
0 | 80
N 2
H |
C 7
S 0

[Comparison Example 1]

Ru powder having a shape of a hollow center is produced by applying plasma to the target
which is same as the specification described in the embodiment 1. An atmospheric heat
process is applied to the powder acquired in this manner at 850 C for 4 hours. Therefore,
carbon is removed and Ru oxide is formed. Once again, a hydrogen atmosphere heat
process is applied to the power at 850 C for 4 hours, so that Ru deoxidization can be realized.
It turned out that the final particle size of Ru powder acquired in this way is 10-300pm and
the oxygen content is 2,000ppm. As is apparent from this fact, it is to be understood that

deterioration of purity is generated.

[Comparison Example 2]

Ru powder having a shape of a hollow center is produced by applying plasma to the target
which is same as the specification described in the embodiment 1.  After pulverizing the
Ru powder having a shape of a hollow center by using Jet-Mill under the condition same as
that described in the embodiment 1, an atmospheric heat process is applied to the Ru powder

at 850C for 4 hours. Then, a hydrogen atmosphere heat process is applied to the Ru power

at 850C for 4 hours for acquiring final powder. It turned out that the particle size of Ru
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Final . degree of pa 99.983 * Chit of Inpurities : ppin * Qher inpurities
. Li, Be, Sc, V. Mh, Co, (8, Ce, As, Sc, Br, Rh, Sr, Nb, Ag, Cd, In, Sn,
Sb, Te., I, Cs, Ha, Hf, Ta, Au, Hg, Ph, H, and R [table 21 inpuritiesEm
hod intent 080 7

powder acquired in this way is 9.4um and the oxygen content is 1,500ppm.

[Industrial Applicability]

According to the present invention, when producing high purity and refined Ru powder, ingot
is forcibly dispersed by using plasma for producing powder. It is possible to omit a wet
process and it is also possible to easily perform pulverization by changing coarse powder into
a metal oxide. Through these processes, the production time of a final powder can be
shortened. Further, high purity and refined Ru powder can be produced. Therefore, it is
expected that a function of a Ru sputtering target material produced according to a sintering

method is improved.
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omt a wet process and it is also possible to easily perform pulverization
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i ntroduci ng the washed waste Ru target into the plasma device; (c) a step
for producing Ru powder by increasing a plasma electricity and then,
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wherein the atnospheric heat process is perforned at 800-1200 t for 1-5

hours. 4. The manufacturing nethod of Ru powder according to the claiml1,

£ om ed iy eraEis BePlrgSd of SRR S finBE F BRf BRI PR Mo og o
Ru pow@arveﬂ@iﬁg;pgmr tOpdrivemed @iyrla%,oﬂyryéree{ea frd\8 BWIONRYEPlaAdtARSIPINE bl getheat

proces?wills per formed under 800- Or for 1-5 hours.
111,

5. The manufacturing method of Ru powder according to the claim 1, wherein the hydrogen

atmospheric heat process is performed under 800-1200C for 1-5 hours.
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