30 January 2007 1 Patent application W C. Heraeus GrbH & Co. KG Met hod
for the manufacture of a netal oxide powder or a sem conductor oxide
powder, an oxide powder, a solid and its application The invention rel ates
to a method for the manufacture of a netal oxide powder or a sem conductor
oxi de powder. The invention further relates to an oxi de BWigfuarg 20971 id
manuf actured therefromand its application. A main field of application of
the present invention is the ITO or indiumtin-oxide, whichis a
transparent and electrically conducting ceramic material. This particul ar
property permts quite a few applications, such as the separation of thin
films for lig- uid crystal or plasma displays, electromagnetic shiel ding,
heati ng devices or other systens, in the nost cases on glass or plastic.
An inportant case of applicati orPatent applieatisrsput t eri ng on gl ass, which

requires as high an electri opduct i vi.t ossl- ble and which is

foll owed by an etching cycl@.‘ Er %&‘f%ﬁé‘*’%‘ﬁt?&?% nore or less big

parts of the target naterial are renoved by ionic bonbardnment and deposited
on a sulstrate. That is_.the reason the prqperties of the deposition

| ayer angetbgg?foggi?eap@n&é%{l%e BEat'ﬂ%t\g,E%ﬁ)&@rE‘?‘ﬁag'b?r?ﬁ@"ﬂ’&PBQE‘FtQ‘ﬁBﬂﬁﬁ not
exclusively, but t@owdarl@n oxié poivder, A sbhd andard sppRewtsl that has the
property of being transparent over a wi de wave- |length range. Its high

conductivity is based on a high concentration of charge carriers wth a
high mobility. The conductivity is equal to the product fromthe nunber and
t he rmbiﬂ‘itéa/ of the charge carriers: 2 30 January 2007 C=NxM ITO is an
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sericonductor oxide powder. The invention further relates to an oxide powder, a

solid manufactured therefrom and its application.

A main field of application of the present invention is the 1TO or indium-tin-oxide,
which is a transparent and electrically conducting ceramic material. This particular
property permits quite a few applications, such as the separation of thin fifms for lig-
uid crystal or plasma displays, electromagnetic shielding, heating devices or other
systems, in the most cases on glass or plastic. An important case of application is
cathode sputtering on glass, which requires as high an electric conductivity as possi-
ble and which is followed by an etching cycle. In cathode sputtering, more or less big
parts of the target material are removed by ionic bombardment and deposited on a
substrate. That is the reason why the properties of the deposition layer on a sub- -
strate depend on the properties of the target, though not exclusively, but to a large
extent.

ITO is a semiconductor that has the property of being transparent over a wide wave-
length range. Its high conductivity is based on a high concentration of charge carriers
with a high mobility. The conductivity is equal to the product from the number and the

mobility of the charge carriers:



I ndium atons belonging to the third group of the periodic table of the

el enments are replaced by tin atons belonging to the fourth group of said
table. This results in an excess of electrons and, thus, of charge. Charge
carriers are the electrons which, owng to the tin atons (Sn atons) and

t he oxygen vacancies, are present in excé@ss. Both their 80Jasoane200s are
of the sane characteristic magnitude of particles with a |ow conductivity,
that is Sn* = Vo = 3 x 1020 cm-3 Unfortunately, only a small part of these
el ectrons is nobile, because of an unéﬁvg abl e structure. The nobility is
measured by neans of the Hall effect rfls based on a deflection of the
field lines of a current-carrying conductor through a magnetic field. The
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sputtering, varjous parts, granu at es, er are nanaractdre oday
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field. The mobility is reduced by structural defects of the crystal lattice.

Other oxide or non-oxide ceramics, for example nitrides, and in particular aluminium

nitride, which do not have the interesting particular transparency property, may nev-

ertheless be electrically conducting under certain conditions or have other interesting
features, this also finding use as will still be disclosed below. Apart from the fineness
and the properties of nanomaterials, it is particularly known that thermal conductivity

is, in general, correlated with electric conductivity.

According to the state of the art, most of the target materials for cathode sputtering,
various parts, granulates, and powder are manufactured today by mixing indium ox-
ide and tin oxide powders according to wet-chemical procedures. These powders are
mixed at variable ratios, wherein a weight mixing ratio of 90% indium oxide to 10% tin
oxide is used in the most cases. The mixture will be more homogeneous if the hy-
droxides are mixed and subsequently dried.

Thereafter, this powder is compacted by sintering, hot isostatic pressing (commonly
known as HIP), hot pressing or by means of a different, but similar method. In this
context, reference should be made to the diagram in Fig. 1 from the document by
H. Enoki, E. Echigoya and H. Suto, “The intermediate compound in the In,03-Sn0>



3 30 January 2007 systenm, in the Journal of Materials Science (2651991),
4110-4115. It can be seen therefromthat the two phases are at the edges
of the diagram- the Cl and T zones of Fig. 1 - and that the desired zone
that is represented by the vertical dotted line is the zone where the tin
oxide is in the mixed crystal in the indfum oxi de, hence 30Jameary@D0Zone

where the tenperature is close to 1200 C. The di agram shoul d not be seen

as a constitution diagramresulting fromreversible cooling; all the sane,
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The method according to patent FR 94874 yields a completely different ITO. The
manufacturing procedure is the subject of patent FR 94874. The results, that is the
properties of the manufactured powder, are described in detail in patent

EP 0 879 791 B1.

The metal alloy is melted at a ratio of amount of substance that permits, after oxida-
tion, to achieve the desired oxygen value of, for example, 89.69 w/w percent indium
and 10.31 wiw percent tin, corresponding to 36 atom % indium, 4 atom % tin and 60
atom % oxygen, resulting in a weight ratio of 90 to 10 (indium oxide to tin oxide). The
liquid is completely homogeneous and extends in a plasma that consists, preferrably,
of pure oxygen in the form of a calibrated jet which is a few millimeters in diameter.
The oxygen reaction sets in at a very high temperature in an environment with a very
high enthalpy. Oxidation takes place at the very finely sputtered alloy. In concrete
terms, the plasma consists of O;, 02", 0**, O, O, In, In*, Sn, and Sn* particles at ra-
tios of amount of substance that depend on the enthalpy and are difficult to deter-
mine. The oxide is a mixed oxide, that is ah oxide whose crystal lattice has a triperi-
odic structure, where the indium, tin and oxygen atoms are distributed over positions
that are arranged in the vicinity of those positions that can be predicted according to

Morse's law, which specifies the equilibrium between the potentials of attraction and



tios of amount of substance that depend on the enthal py and are difficult
to deter- mne. The oxide is a m xed oxide, that is an oxi de whose crystal
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a grain | sratgegative, i.e. if the heat of conbustlon falls to equalize the
cooling process. The sec- ond reason is the contact with solids, mainly
with the walls of the reaction chanber. 1In either case and even if the
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provided for the manufacture of targets for cathode sputtering is achieved by a clas-
sical combination of cold and hot pressing or by unidirectional hot pressing or hot
isostatic pressing (HIP). In all cases, the heating temperature exceeds 900 °C. In
patent DE 44 27 060 C1, a temperature of over 800 °C is claimed for powders of

2 um and 20 ym.

Moreover, US 5,580,641 describes the application of ion implantation of O ions to
reduce the number of charge carriers. Conversely, the implantation of hydrogen ions
is treated in “Studies of H," implantation into indium tin film oxides" in “Nuclear in-
strumentation methods”, vol. 37.37, p. 732 (1989). The method of ion implantation is
common knowledge.

The method known from US 4,689,075 is a static one. A specific amount of a granu-
late mixture or tablets is placed on an anvil and removed at a high temperature by
means of a plasma torch that is apbarently similar to those available on the market
for cutting and welding purposes. Such torches consist of a stationary tungsten elec-

trode that is surrounded by a number of gas jets.

It seems that the two components, which are subjected to an intense thermal motion,
evaporate at the same time and that the vapors can be caught by being sucked in,



common knowl edge. The met hod known from US 4,689,075 is a static one. A
specific anount of a granu- late m xture or tablets is placed on an anvil
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US patent 5,876,683 describes a different technique. Concretely, it is based on the
chemical combustion of an organic precursor in a flame. The precursor mentioned is
already a metal compound. For example, silazanes, butoxides (CH; CH; CH» CO;7),
acetyl (CHz CO CHy"), or acetonates are disclosed.

The invention aims at improving the state of the art and at specifying an appropriate
method, an oxide powder and a solid as well as the latter's application.

This problem is solved by the invention by the independent claims. Advantageous
embodiments can be found in the subordinate claims.

The method is a dynamic and continuous one. The constituents are present in the
fluid state. The first constituent of the reaction, metal, alloy, mixture, flows in the fluid
state or, equivalently, in continuous form. It assumes two roles. On the one hand, itis
one of the constituents of the reaction and can be found in the plasma. For example,
an analysis of the plasma will identify electrons, ions from the gases - whether oxy-
gen, nitrogen, argon, hydrogen - and bismuth, indium, tin ions. On the other hand, it
also assumes the role of a tungsten electrode which would, however, meit down and
become smaller to an unlimited extent.

The complex method comprises four phases:



fluid state. The first constituent of the reaction, netal, . alloy, mxture,
flows in the fluid state or, equivalently, in continuous form It assunes
two roles. On the one hand, it is one of the constituents of the reaction
and can be found in the plasma. For exanple, an analysis of the plasma
will identify electrons, ions fromthe glses - whether o0x30 Jgﬁgaryruomogen
argon, hydrogen - and blsnuth indium tin ions. On the other hand, it

al so assunes the role of a tungsten el ectrode which would, however, nelt
down and becone smaller to an unlimted extent. The conpl ex met hod
conprises four phases: 6 30 January 2007 Phase 1 The plasnma is only a part
of the netRbasetcording to the invention. The plasma cer- tainly represents
an inportant preparation phase. In the plasma, the reaction sets in under
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atons, netallic vapors and electrons. This mxture is sucked off as it is
formed in the conbustion chanber. Phase 3 The third phase is the
sputteringegdyase. The m xture fornmed by the plasma is accel- erated by a
convergent -di vergent nozzle to a high velocity that is a nmultiple of the
sound velocity. This acceleration disperses the constituents at a small and
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method according to the invention, the plasma is sucked in by a strong dynamic neg-
ative pressure in a burning point or a combustion chamber of reduced dimensions. It
should be noted that the plasma is a mixture that consists of molecules, molecules

with dissociated atoms, molecules with ionized gases, ionized atoms, metallic vapors

and electrons. This mixture is sucked off as it is formed in the combustion chamber.

Phase 3

The third phase is the sputtering phase. The mixture formed by the plasma is accel-
erated by a convergent-divergent nozzle to a high velocity that is a multiple of the
sound velocity. This acceleration disperses the constituents at a small and well-
defined angle into a more or less unlimited volume. A production of 100 kg/hour that
is blown at by a jet of 500 m/sec is dispersed at a rate of 55 mg per meter. Since the
jet is designed such that it wide_ns as it decelerates, this dilution rate is preserved un-
til cooling is completed, thus preventing the formation of satellites and agglomeration.

Phase 4

The fourth phase is the transport phase. The reaction initiated in the preceding
phases is continued and ends under controlled thermodynamic conditions, with an
interstice between the forming grains being kept, so that these grains may undergo
their individual development without coming into contact with other grains or with the



is blown at by a jet of 500 msec is dispersed at a rate of 55 ng per
nmeter. Since the jet is designed such that it wdens as it decel erates,
this dilution rate is preserved un- til cooling is conpleted, thus
preventing the formation of satellites and aggl oneration. Phase 4 The
. fourth phase is the transport phase. The.,reaction I ni ti at3@Jamuardye2007
precedi ng phases is continued and ends ‘under controlled thernodynam c
conditions, with an interstice between the form ng grains being kept, so
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oxygen on Ravadsichamplyinmwith the definitidn of nencpowdetshat i s ob- tained, but a
conpound. The nanograins nay tend to gather under the effect of various
factors. These factors are noisture, static electricity and various
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surface of Ihg t%[_rt}ano owder, Under these conditions, it nay be consi dered
that thesddQfHfRILS $APRANy ovi de grain aggl onerates, which may even reach
the subm cron range, with a certain strength that may, however, break

apart bec:wlse of a_low nbisture content or a certain ultra-
e nanograins may tend to gather under the effect of various factors. These factors

are moisture, static electricity and various surface parameters that are correlated with
their dimensions of a magnitude of some atomic diameters as well as with their ex-
treme surface-to-mass ratio. Actually, these forces are weak interactive forces, but

they may have a considerable influence because of the large specific surface of the
nanopowder,

Under these conditions, it may be considered that these surface forces provide grain
agglomerates, which may even reach the submicron range, with a certain strength

that may, however, break apart because of a low moisture content or a certain ultra-
sonic excitation,

Under these conditions that are measured with a modem laser granulometer, the fol-
lowing must be put forward after an ultrasonic dispersion for a duration of approxi-
mately 2 minutes: dso by weight <0.50 pm. This means that 50% of the weight-related
amount of substance has a grain size of less than 0.50 pm.

It must be noted that, reasonably, the interruption or prolongation of phase 4 permits
a total or a partial reaction, and this with an entirely new degree of precision.

The invention will be described in an illustrative manner by means of figures in which:
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of the system The oxidation reaction takes place on the spot and is
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The follow ng table refleCts the properties

only provides the possibility of discussing the diagram according to Fig. 1. The like-

wise fine mixing method, i.e. the procedure that is carried out on the level of hydrox-

ides, is not covered by the diagram.

The oxygen plasma method starts the reaction at a temperature of 2 magnitude of
10,000 °C. Fig. 2 shows the plasma temperature as a function of the enthalpy of the
system. The oxidation reaction takes place on the spot and is exothermic. In contrast,
a zone of a cold atomization gas surrounding the plasma forms behind the nozzle
accomplishing the flow and the sputtering. The following table reflects the properties

of the jet for a standard nozzle. These values have been verified in experiments.

Values Input Output
Pressure [bar] 7 0.95
Temperature [K] 293 165
Mach number 0 1.96
Velocity [m/sec] 0 483

The liquid metal jet flows at a velocity of approx. 3 m/sec into an outlet tube, 2.5 mm
in diameter, under a metallostatic column of 500 mm (height of the liquid metat above
the outlet).

The plasma is sucked in at a velocity that is below that of the atomization gas.



of the jet for a standard nozzle. These val ues have been verified in
experinments. Values Input Qutput Pressure [bar] 7 0.95 Tenperature [K]
293 165 Mach nunber 0 1.96 Velocity [msec] 0 483 The liquid netal jet
flows at a velocity of approx. 3 msec into an outlet tube, 2.5 mm in
di ameter, under a netallostatic colum of 500 nm (hei ght 80 Jaheahi2p0%
netal above the outlet). The plasma is sucked in at a velocity that is
bel ow that of the atom zation gas. 9 30 January 2007 In view of the
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spectrum t rﬁ@msqd&@cu@é:e WT'DQG}MUby | aser neasurenent. The liquid alloy jet
with a tenperature of, for exanple, 670 Kis identi- fied by the axis 1 of

the cast jet, the plasma cone (plasma bubble) with 10,000 Kis identified

by 2, and thig Dsiyayenthei daliculated tevhpératurd spedtrinithatchigbddmeverified toflagdre col d

atomzatlo rro di.na. t pl.as s identified by 3.. T ea, 4.is
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particul ar nvent | n consists in that it
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the tinme real ammuiau.b & sufrBuRdiAY the E@@Maqg |d%?£ﬁfé@%930<?‘ﬂbra(?é§4t1§'ﬁ1éfé0| i ng
phase. Cal cul atlons experinents ave shown that; at a velocity of

ej ection fA5He? ARd ﬁB %Nrbi‘o"@p‘ﬂh%"ﬂ %@@PQGW%@H@"WECW b aspemed|aadi on
anong the YHePE cbblfy- GdWﬁ |sféHhﬁéQr\é/daacEHRﬁr§; A E@igidn, 1.e. a power of 1/3

of the path, a free flight path of a tude of at least 5 neters is
required. The reaction nmust be conpleted in the flight section where the

plasma is 4hgafdRliiF, the method according to the invention consists in that it provides the
forming ITO partictes with a free flight path according to the time required for the
complete reaction and then controls the cooling phase. Calculations and experiments
have shown that, at a velocity of ejection from the nozzle of approximately 480 m/sec
and with the relation among the velocities that foliow a cubic correlation, i.e. a power
of 1/3 of the path, a free flight path of a magnitude of at least 5 meters is required.
The reaction must be completed in the flight section where the piasma is the deter-
minant, that is above 1000 °C. For that reason, this range or this section of the flight
path must have the appropriate length of approximately 2 to 3 meters. Subsequently,
the generated structure must be maintained in order to avoid separations, in particu-
lar of tin oxide. In this manner, a powder consisting of grains of nanometer magnitude
is obtained. Their mean diameter is less than 1/100 ym, hence some ten Angstrom
units. The powder manufactured in this manner has an extremely large specific sur-
face. Fig. 4 shows the behavior of the specific surface of a spheroidal powder in rela-

tion to the grain size.

As a result, the surface energy of the powder is far above that of the powder manu-
factured according to the previous method. The surface of the nanopowder is much
larger, and the behavior of the surface energy is proportional thereto.

In addition, the characteristic state of the powder shows itself in the diagram (Fig. 1)
on the abscissa at 10% and on the ordinate at a very high temperature and, thus, far
beyond the sketch. The analysis shows that the tin is in solid solution and has a



m nant, that is above 1000 C. For that reason, this range or this section
of the flight path nust have the appropriate |ength of approximately 2 to
3 nmeters. Subsequently, the generated structure nust be maintained in
order to avoid separations, in particu- lar of tin oxide. In this manner, a
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are very fa? oPPigries iR the displaremeatefRartidesinthgdattice. t hey shoul d assume
according to the maxi num flow theorem Once the powder has finally cool ed
down in a patural manner until conpletion of .the reaction and at a faster
rate ther chpheyldhenated that the parcpovwdesds RRlAIPETBOHS. there are no obst acl es
to the displacenent of particles in the lattice. It should be noted that

t he nanopowder is not anorphous. In practice, the state of the nanopowder
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st r uct ur al gr@efsewhile. the tmagnifidation imipcbased. t o be proved that the defects are
the cause of the low electric nobility. This is ade-

This results in an absence of any and all structural defects. It can be considered to

be proved that the defects are the cause of the low electric mobility. This is ade-

quately shown by the fact that the electric conductivity of the depositions achieved by

cathode sputiering increases by annealing as well as by the fact that, in the most

cases, the ion implantation has reduced the conductivity proportional to the number

of defects it caused. The most damaging defects are forming at the grain boundaries

of the powder. The grain boundaries represent an interruption in the crystal lattice.

This interruption has different orientations and contains all contaminants that the hot

surface has taken up from the atmosphere or by contact. While compaction is in pro-

gress, contaminants, such as carbon, are often displaced from the nucleus towards

the periphery. The defect is eliminated by the absence of measurable grains and the

absence of any contact. The use of oxygen or clean gases prevents the takeup of

coniaminants during flight.

The microscopic contaminants must be attributed to the difference between the cool-
ing rate and that rate that would be allowed by the formation of a crystal lattice, i.e.
the time and the thermodynamic conditions required to ensure that each atom can

assume its position.
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tion and mgrates to an interstitial position. The Frenkel and Schottky
defects are shown in Fig. 5. As far as ITOis concerned, the defects in

the type oThé fflo@in@bR shecliesahs hicigilid hAd idhid HHdfuseR e WS thrbd @Idrhdhts
together with the indiumoxide, nust be in solid solution. The foreign
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radi uses of the three elenents that are treated here.
' 132 166 092 158 0.74

This gives rise to the assumption that the tin atom may also occupy an interstitial po-
sition.

The defects and displacements are develop during the cooling phase. They are,
above all, unavoidable whenever atoms have assumed interstitial positions, but they
can be limited by a cooling process that is carried out at a slow rate and in a con-
trolled manner. The three main types mentioned are the subject of Figs. 6a—6c.

As can be concluded from the principle described above, the oxidation reaction is
spontaneously started by the very high enthalpy and the state of the plasma. The re-
action rate is also high. For example, the entire oxidation reaction can be completed
within 5 seconds, although the ITO powder can burn stoichiometrically in the air for
20 minutes. As a consequence, the behavior of the reaction can be completed by
quenching at the end of a specified path at a degree of oxidation of 50, 60 and 90%.
Thereafter, the cooling rate can and must be checked to ensure that the resulting
crystal lattice will be as free from defects as possible. The cooling stage mentioned
may be inadequate, either because of a negative heat balance or because of a con-
tact with the wall of the reaction vessel. The first effect can be compensated by pre-

heating or cooling the atomization gas, the second one by an appropriate routing of
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the appropri ate di nensions. Conversely, 1t mnust B noted that the
sub- st oi ch¢BFEptemparalgrecf @rgorois -ha0d€es, that are useful owing to their
conductivity, can be achieved in an econom cal manner by gas quenching or
by other mechanical devices on an exact path. To cool the jet abruptly
from t hat The aforemgrticanedto0 tatH2 poardeehas be¢remaputactured agcordimptodbbiimi ng

t he corres&&gg% ﬂ%f"p%m Hgsstheq‘g@ga}@ﬁreq%&a%q a cooling gas injection was

used the e ch1s™b
Primary particle size nanostructure less than 0.10 ym
Powder density 0.69 g/cm®
Relative density approx. 10% of the theoretical density
Resistivity (compacted) 1072 ohms-cm or less

The powder is heavy, is not suspended in air, and has an extremely excellent com-
paction behavior. It compacts as early as at a low pressure of some kg/cm?.

To compact the powder mentioned, two method families can be utilized that are well-
known to persons familiar with the subject matter. The manufacturing procedures us-
ing variants of the classical compaction and sintering method, particularly by pressing
at ambient temperature after heating up to a high temperature, are modified as fol-
lows: The low-pressure compaction yields a higher density and strength, or the den-
sity obtained with the same pressure is higher and can exceed 80% of the theoretical
density. Subsequently, the temperature in the present embodiment can be reduced
from 800 °C to at least 600 °C or 650 °C.

In the manufacturing procedures where use is made of variants of the hot pressing
method, the temperatures are reduced in the same manner. These hot pressing

processes can be implemented on hydraulic or mechanical presses, by hot isostatic



ing and dilution. It should be noted that air with a tenperature of 20 C,
whose pres- sure is reduced fromb5 bar to 1 bar, is emtted with a
tenperature of -88 C, the em ssion tenperature of argon is -120 C. The

af orenmenti oned 90/ 10-1TO powder has been manufactured according to the in-
ventive nethod. It has the follow ng proferties: Primary 3adancary 2007e
nanostructure less than 0. 10 pm Powder density 0.69 g/cnB Relative density
approx. 10% of the theoretical density Resistivity (conpacted) 10-2
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anbi ent ter:’rperature after heating up to a high tenperature, are nodified as
fol - | ows: Theenethod bﬂé@@ﬂﬂéestedrpadtquehf:qd fer the oxitatipineof bismaik, zln&nsﬂlcon

strength, | W|thth ssur I .S. hi

can egceedggs Iﬂ%r%‘?ﬂ-get t(‘a%'P gﬂh%a HERs; Crﬁﬁfﬁéﬁcﬁ%eﬁf’?'}a rﬂ'@'%ﬁﬁ'@ieat ure

|6 got rc1:e ||or eslenmpcmdmabanemtthxsanamerrBdum:/d\n;]adtm:@muﬁam@ogéh plb?hﬁaSFhe@?&eCf o[ )
n rin ocedur es where of variants o e

hot pressi ?fgﬁ "%F %Sﬁ&p 'l:"ﬁqeﬁﬁecioﬁ By QQmB?Eedr‘ﬁ'k}hg%é??ﬁ'qaﬁé"@Bﬁ%S isdaer .

These hot p'ramlssbagauqmrafabemeﬁa@ybequéﬁh&ﬂ?ma%m bﬁﬁfrﬁﬁiécpto%e%ﬁ”' cal
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silicon, Overand above this, the yield is very close to 100%, because the entire powder can

be directly used, without having to be sorted out, comminuted or treated in any other
way.

The method according to the invention is applied as follows: An indium and tin batch
is weighed at the ratios calculated, so that the desired oxygen content is developing
in the subsequent reaction. The constituents are melted and then introduced into the
air or oxygen plasma in the form of a jet of a Newtonian fluid (jet in free fall). The
plasma that comprises molecules, ions and atoms (02+, 0%, 0Oy, O, In, In*, Sn, and
Sn*) as well as electrons is blown at by a supersonic nozzle. Contrary to the basic

methods mentioned above, the free flight path is very long. It is about 5 meters for
ITO.

The powder is collected when it is cold and is filled into an evacuated and sealed
container. Subsequently, the container is subjected to a hot pressing process or a
cold pressing process, which is followed by a sintering process. Pressing can be car-
ried out unidirectionally on a press or isostatically in a HIP safety housing. Since it
was used in the nanopowder state, the powder must be treated at a temperature of a

magnitude of only 650 °C instead of temperatures between 900 °C and 1150 °C ac-
cording to the methods mentioned.



and ot her elenents under the conditions described above. Even al um ni um
nitride nanopowder can, in this manner, be manufactured in a nitrogen

pl asma. There are four main benefits. First, the cost as conpared with the
classical nethods is low, nainly because of the | ow energy requirenents
that must be attributed to the practi- ddi |y conplete progddasuady 2007
reaction itself; second, harnful substances and waste nmaterial are not
incurred; third, the nanostructure permts an unsurpassed efficiency or
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der. The free flight path is 5 meters. The nozzle is positioned such that the powder

follows a kidney-shaped path, before it is sucked in outside of the vessel. The pow-

der is collected in an absolute filter. Its mean diameter cannot be measured, but

seems to be within a magnitude of some ten Angstrom units, when observed under
the electron microscope.

The powder is filled into an evacuated and sealed container. This container is accom-

modated in a hot-isostatic-pressing housing where it is exposed to a temperature cy-
cle of 650 °C at 1400 bar for a duration of 2 hours.

After having been removed from the mold, the workpiece has solidified and can be
treated easily. Its density is over 99%.

A second industrial application exampie is as follows: A 500-kg batch of bismuth is
filled into a melting crucible. Considering the oxidation tendency of liquid bismuth, the
surface should, preferrably, be protected. Since bismuth, when cooling down, ex-
pands but does not attack steel, the melting crucible consists of steel. Once the metal
has reached a temperature that is 150 °C above its melting temperature, the stopper
rod is pulled up. The plasma forms as soon as the jet acts as electrode. The hourly
throughput is 540 kg for a jet with a diameter of 2.5 mm and 500 mm material to be



t he sane conditions. Here, reference should be made to bisnuth, tin and
zinc oxides that were sputtered directly in an oxygen plasma. The net hod
was used for the industrial production of alumniumof a particular quality
as well as of aluminiumnitride, with the latter being produced in a
nitrogen plasma. The sub-stoichionmetric oxide of silicon3gJafliamye007
manuf actured with a shorter free flightispath. An exanple of an industrial
application will be described below. A 70-kg batch of an indiumtin alloy
with a weight ratio of 89.69 to 10.30 percent is nelted at 400 C. The
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t hroughput is 540 kg for a jet with a dianeter of 2.5 nmand 500 nm
material to be 30 January 2007 15 nelted. The powder is collected as
descri bed above. The sane production with use being made of zinc under the
sanme conditions yields a throughput of 395 kg per hour. The sane
production wi th use being made of antidny yields a produd®anuary 2007re of
366 kg per hour. In contrast, silicon was introduced into the plasma as
pow der in the formof a Newtonian fluid jet, with the plasma being
charged via a helical conveyor. 16 30 January 2007 Patent application W
C. Heraeus GwH & Co. KG Met hod f cture of a netal oxide powder
~or a sem conductor oxide pomder,%ﬁﬁ%'ﬂ%ggéﬁmer, asolidand its
application Cains 1. MethoW.CoHerdausn@mbiol Qo KGf a netal oxi de powder
or a sem conductor oxide powder, characterized in that it conprises a
dynam c, continuous and direct oxidation of the metal or sem conductor

mat eri al t Nethadfanthe marufacture oba noétaboxide posialen or al seniicoddudtor aridexygen

pl asma, wherein the ti of flight of the devel ppin xypgen particles is
appropriate for the ggarr%f”éta@ %&3%8?1"8?1‘%%%"31‘% Wﬁﬁ&sﬁﬁ?%&n any nechani cal
contact before having cool ed down conpletely, and wherein the oxidation
process is followed by a controlled cQoling phase. 2. Method according to
claim1, characterized in that it coﬁ%ﬁ“ﬁ%s a conpaction phase by
sintering or a hot pressing process at a tenperature between 550 C and 800
C, in particular between 600 C and 700 C. 3. An oxi de powder manufactured
according to the nethod as clained in claiml, characterized in that it is
a nanopowdér Methbdafogitted mapuketudé Jf s sndtilagkife poder ot tahséfRonductor oxide

powder, characterized in that it comprises a dynamic, continuous and direct oxidation
of the metal or semiconductor material that assumes the function of a melt-down
electrode in an oxygen plasma, wherein the time of 'flight of the developing oxyge'n
particles is appropriate for the complete oxidation reaction and without any
mechanical contact before having cooled down completely, and wherein the
oxidation process is followed by a controlled cooling phase.

2. Method according to claim 1, characterized in that it comprises a compaction phase
by sintering or a hot pressing process at a temperature between 550 °C and 800 °C,
in particular between 600 °C and 700 °C.

3. An oxide powder manufactured according to the method as claimed in claim 1,
characterized in that it is a nan0p6wder with a grain size of less than 0.5 pm, with the
grains of the nanopowder comprising crystallites that are smaller than 100 nm.

4. Oxide powder according to claim 3, characterized in that it is manufactured in
accordance with a method according to claim 1 or 2.

5. Oxide powder according to claim 3 or 4, characterized in that it is formed of at least
one material from the indium-tin-oxide, tin oxide, bismuth oxide, zinc oxide, silicon

oxide, antimony oxide group.

6. Oxide powder according to claim 5, characterized in that the silicon oxide is
sub-stoichiometric.



grains of the nanopowder conprising crystallites that are snmaller than 100
nm 4. Oxide powder according to claim3, characterized in that it is
manuf actured in accordance with a nethod according to claim1l or 2. 5.

Oxi de powder according to claim3 or 4, characterized in that it is formed
of at least one naterial fromthe indi UMtin-oxide, tin 3xUdeuaty20Qmt h
oxi de, zinc oxide, silicon oxide, antinony oxide group. 6. Oxide powder
according to claimb5, characterized in that the silicon oxide is

sub-stoi chionetric. 17 30 January, 2007 7. Solid conposed of an oxide

C.
powder accdr di P AFFResEe of g edds prwderaceeiding o onsefithecaimseythrorghmat it
has a density of, ABPAcRIrizbAon iR ATHRSILMnHGBF0bY, 6f the thébrehedl JdRsE bya 8-

Solid according to claim7, characterized’in that it is manufactured in
accor- dance winigh&f deesbd according to claims 1 through 3. 9. Application
of a solid according to claim7 or 8 as sputter target.

8. Solid according to claim 7, characterized in that it is manufactured in accor-
dance with a method according to claims 1 through 3.

9. Application of a solid according to claim 7 or 8 as sputter target.



