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i nvention is the I1TO or indiumtin-oxide, which is a transparent and
electrically conducting ceramic material. This parti QuraefpRAGREOWEREr it s
quite a few applications, such as the separation of i n f'¢ for liquid
crystal or plasma di splays, electromagnetic shieldin ,‘%Eaé @% devi ces or
ot her systens, in the nost cases on glass or plastic. An inportant case of
application is cathode sputtering on glass, which requires as high an

el ectric conductivity as possible and which is followed by an etching

cycle. In cathode sputtering, parts of the target materi al
are renoved by ionic bonbardnent a@ﬁﬁ‘ﬁéﬁ@éf‘ﬁé’g on a substrate. That is the

reason why the properties @¥. ChHet®@ws GmbH & B,KGN a substrate depend on
the properties of the target, though not exclusively, but to a |arge
extent. ITOis a sem conductor that has the property of being transparent
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carriers:

The invention relates to a method for the manufacture of a metal oxide powder or a
semiconductor 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 ITO 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 films 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:
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RNfPC c-li .~y . & 'i) 2 C=N\xMITO is an indiumoxide (1n203) that is
dﬂoped with tin atons. In this process, certain indiumatons bel onging to
Lthe third group of the periodic table @ the elenents 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 el ectrons
which, owng to the tin atons (Sn atons) and the oxygen vacancies, are
present in excess. Both their conceGtx Ntxbhs are of the sane characteristic
magni tude of particles with a | ow conductivity, that is Sn*=Vo=3x102cn8
Unfortunately, only a small part of these electrons is nobile, because of
an unf amwéﬁ.rﬁnuMM@(rnﬂ)gz) tﬁabrsl ddped @.tmﬂsarbﬁﬁ h‘VtHi@Bﬂﬁ:é%% E8RaiRa |

effect which is based on a defl ection of the ['i nes’ of

current u*@armﬁtmsdxﬂlmn@ro the tbuglrgraum@rlm perlodcrtablemféhﬁmmengs are

reduced YRS I '
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ni tri deexodssadf electrmis 4nad,ghtud eofi dnaegesmha@emtremmertheraeetmrsewmch
property, . nevert hel ess be eIectrrcaIIy conductjng under certain

condi t i ewmgo% thetip alems (Smatoms)ansythecyopayacansies afkePREsRAT IREXPessSas
will stphih f?l%rpdo?ﬁbﬂﬁﬁﬁoﬁ@h M&mé REtddiér %tic’}ﬁlggﬁﬁﬁnfégf gQﬁrcFers%ﬁﬁ hies
lcularly a t hernm

of nanomaterials, I's par nown t conductivity I's, in
gener al lovcommchldruEyi, thatis el ectric conductivity. According to the state of
the art, nost of the target e,rr% % thaode sputtering, various
parts, granul ates, and powder nu é’H‘today by m xi ng i ndi um oxi de
and tin oxide powders according to wet- chem cal procedures. These powders
are mxed at variable ratios, wherein a weight mxing ratio of 90% i ndi um
oxi de t Bnigtunatelyosniya smallped ofithese elastrons s mwbilehbepausaipbaniunfaves nor e
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known asnld d8fledtioh afties fiekidines dfya owreent- cérry:ingicbﬁ@uact thrbugh 2 rmabﬁétldfmt hod.
In this context reference shoul d be nmade to the di a?ramrn Fig. 1 fromthe

docunenfieldy T be reokility is pe l&ﬁﬂ@b?’é“%ﬁﬂlfﬁllqefgﬂﬁ@fthqﬁéls aldaltigedi at e conpound
in the 1n203-Sn02 3 systent, in the Journal of Materials Science (2651991
), 4110-4115. It can be seen ther efromthat the two phases are at the edges
of the Otheraxide ot henakidederanios,der ekarﬁ'p{:e nilridesaraddtrhwarﬂrm&aldalﬂhnerdnzone
ere the tin

that i t ed th t | d | i
b+ ods SO H0 bt HaVE thE it StinORacint Rinssarkar BRoerih e novne
wher et BAnGIRAD BeAdibkicklly 68Lting UHHRR cenaTh&)rrhrﬁ&r@m ﬁ’@wbﬂrémtebéstmgen as

a constitution diagramresulting fromreversible cooling; all the sanme, the
di agr anfaaiviesi this also finedingiuse asvif sEtibetdiselased belovs Apartifromibiedinaness t he

per sons o ene PROELES ot Rafp Rt SRRy KW ARRE EorBr bR R O
consi st ispin gémerah) )cov@lated Wrﬂﬁel@étrmdmhtrﬁty)o s-Sno, 4)z0a~ At a ratio of 90
to 10, as it is represented by the dotted line in Fig. 1, it can be seen
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 In203-SnO;



that tin oxide Sn02 precipitates slowy and at a | ow tenperature, with this
precipita tion becom ng stronger above 1000 C. The nethod according to

" patent” FR 94874 yields a conpletely dif3sferent 1 TO The nmanufacturing
procedure is the subject of patent FR 94874. The results, that is the
properties of the manufactured powder, are described in detail in patent E
PO 879 791 B 1. The netal alloy is nelted at a ratio of anount of

subst ansyestené,tmnbe Wouenal af Maternals@Bdience (2651801),6v€l 0-He15lds car heseayen

val ue o r a le, 89.69 ww cent in |um and 10. cent tin,
cor t o5 p BRI IAEBE S PORIRATGAL 1S 200RB S 6 OipEB0- e A gones
resulti ggr @n1a &ﬁﬂ?ﬁ‘ét the'deQird z%ﬁett athe rébl%@beBool’f%ﬁf‘e \t/é’rtlbﬁlrkid’d‘édjﬁﬂe jsThe
liquid I's Conpletely honobgeneous an ext en at consi sts,

pr ef er r thisl ZQneowhete medxygmdensnrt the mixed arfstal indhielindiuetioxide, hanedin thea f ew
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pl ace aésb"tibﬁéﬂf%ohldié%narﬁmmtﬁg?ﬂoﬁi ﬂemér&lbl@ dwnﬁgeélﬁtﬁeeééme theediphRfme
consi sts of 02 In, In+, Sn nd Sn+ artlcl es at ratios
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determ i I

latti ce ?nca-[g%tnral)%gg%r%%@dﬁruct'él};gggw %(i@ﬁ?hlsep ﬁ%%%o%ﬁq éorx@%@n at ons
are di sth1$ bubjedt maeter.p'ﬁm Cil o et Wadildavom sist oaugah)boa tahd the G2zdwe of t hose
posi ti o B c§n be predicted according to Morse's |aw, which specifies
the equ PP% atkbBet ween t he potentials of attraction and 4 repul sion of
the two atons. The velocity of ejection fromthe plasma nozzle is in the
supersoni ¢ region. Mreover, the natural cooling rate outside of the

exot her At e ratiaof PBrto i1, a4t isrepresentadcly the dotted lneirokigdds it@antkekeaer? to 3
d t hi t t |
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f1ight, tibh bebemitkpétroiderstovel100teeg.eaction in a grain is negative, i.e. if
the heat of conmbustion fails to equalize the cooling process. The second

reason is the contact with solids, mainly with the walls of the reaction
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t he aggl cal "structure be Feache e grains
have a mamufattaring proaﬁdute i@th&dﬁjectlw\wtéﬁtd?RQQBMh'éMe agolityehattie the t h
each ot her at th sI| uch., The c tiqn of e powder to form
sol i ds PrRpertigs.0 hﬁm %&iqrea&%&derp?@s qr@’eﬁr'ﬁ\ﬁe&@{j tephe manufacture

of tar QEPSOE‘? 9 703t@pde sputtering is achieved by a classical conbination of
cold and hot pressing or by unidirectional hot pressing or hot isostatic
pressing (HIP). In all cases, the heating tenperature exceeds 900 C. In
pat ent cl ai.ed..f or .nowder s
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Conversely the inplantatio hydrogen ions is treated in "Studies of H2+

i mpl ant and JR-3 hwhv peRsaTthtin ﬁOIrresmraﬁena&% glomniedndinim,jhatann fe Hip AP0
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conmon nova e he nethod kno rom static
speci fi hqmdwnonmetalygmnogm-ua mdjemteodsurablmasmashaﬂ caresistepprefersably) and

d at hi gh t, t by .. . l h .t hat tl
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Such t O'Tﬁﬁ%& g@ﬁ%%udﬁf séts% at hURAY MgthtBh Btubeé fELA %@lréﬁﬁien't ?mtﬁtﬁ {éwnded

by a nunb gas jets. It seens th two conponents, are
subj ect btghter\thalenOe(mnonHakmplamatdhe vemamlmseuuermlca/ahbconmtmnd t hat

the vapprg.d “ e B%sﬁ?aug Dsily ol?ed 2S,U6K€%,i(9*, 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 an 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



5 whereby a high-quality mxture is fornmed - as clained. Conversely, our
nmet hod does not contain any m xture and is not based on thernmal notion. The
- met hod according to the patent nentiondd is a static one and operates batch
wi se, although a nore or less automatic charging is al so conceivable for
its industrial applicability, this resulting in the processing of
successi ve batches. US patent 4,889,665 follows the aforenentioned patent.
It cl ai rapulsien of me)fwcaatdmsrfﬁwe welobity of ejleetacbrh fronatheoplasma ndzzle aninlthee or
conpacted si ntered. 507 descrj bes the prodyction of

coar ser SYRHGRPE rﬁppﬁa OO{?HV%W' ﬁ&nﬁ r3l' a9 q Q@ raje o @gdﬁaﬁféh? eXOH R HG geac-
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conbustion of an organic precursor in a flane. The precursor nentioned is
al readyraienet al conpound. For exanpl e, S|Iazanes but oxi des (CH2 CH2 CH2
C02 ), acetyl (CH3 COCH2 ), or acetonates are disclosed. The invention
ains at inproving the state of the art and at specifying an appropriate

net hod, The reactitm rnedpecified rmap bblvérylshmlfd)r o kdasoha! TRe fisstapasor &f 4 on.
This problem,is solved by the | nvention %/ t he i ndependent cl ai ns,

AdvanfjI aﬁ\é%@@“'é@rﬁ&ﬁ%rﬂtg"@atheﬂﬂmobmp haat balange of theerastiondn @graimis rrFt hgd
2 BB R ORI IEN L Sl o
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hydrogen - and bismuth, indium tin ions. t he ot her han It

assumes Oh@rm\eel’ﬁfel%sﬁt,dh@é@@@om@aterwdbeﬂﬁhﬁmmltbe Shgm@sétQUQIﬂelt dovvn
and becone smaller to an unlimted extent. The conpl ex nethod conpri ses
four phases:

The compaction of the powder to form solids that are, in the most cases, presently
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 ymand 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 apparently 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,



6 Phase 1 The plasma is only a part of the nethod according to the

I nvention. The plasma certainly represents an inportant preparation phase.
“In the plasma, the reaction sets in unéer ideal thernodynam c conditions.
Bot h enthal py and entropy are positive to a high degree. Wat is nore, the
thermal notion of the atons and nolecules is a factor of inprovenent. Phase
2 Although new in concept, the plasma itself would not allow serial

pr oduct wherebdyna high-qeality thistuce istionmeto- a& eldimednConversehe our asethod dogscked
in by a strong. dynam ¢ negative pressure, in a burning point or a conbustion
chanbernBtfcqrgg'ﬂc%W 'E‘P&‘é’i‘?’sg’ﬂﬁs@. nqtlt%asﬁ?@ﬂrhth%m%mmphat the plasma is a

m xture that consists of nolecules, nolecules with dissociated atons,

nol ecul es with ionized gases, ionized atons, nmetallic vapors and el ectrons.
Thi s ni Xhemeethod agckedingta thespatent mentioned is a static enelandtapenateiseraieh- Phase

he third i h i ng..phase. The ni i d.by the.npl
s ' accelisrsABHoRgh 8 Tebier Beh et Bidrting 5o sotbavaRleTel sindidiidl °F e
a nul ti gpglicabilithahizaesditinglie thd Faoecf“éibbiggadf@ic@égéiwbaﬁﬁmerses t he

constituents at a small and wel n angle into a nore or less unlimted
vol une. A production of 100 kg/hour that is blow at by a jet of 500 nf sec

Is disp | deto esd ch
that 1t O praeat 48807865 Blipws (18 oReniEhed BeBER, ka3t SBER Y
cool i ngtdreh fmmhEatingcan amesinpokyramulatg drlvenipzoted simteret partsel i tes and
aggl oneration. Phase 4 The fourth phase is the transport phase. The
reaction initiated in the precedi ng phases is continued and ends under

control US‘_jpétEEf 604007 ﬂegarwstt'he odWétidh mdaggéfg%avgﬁgspa%ﬁd?n 5{}3&& m ng

grai ns being kept, so that these dgrains nmay under | VI

devel opida0wimhout coming into contact with other grains or with the 7
walls. This permits to devel op and nmaintain the nanostructure that has been
initiated by the plasma. Studies of various materials have shown that the

net hod BeCatdnng, 876,688 desvribeisi Pdiffepstiteehihigae COBhLIRYSIS, P IsPBasdd O tifgd not
t he batch production of Eomders_fron1con1pounds conplying wwth the
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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, it is
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, melt down and

become smaller to an unlimited extent.

The complex method comprises four phases:



tai ned, but a compound. The nanograins may tend to gather under the effect
of various factors. These factors are noisture, static electricity and
various surface parameters that are cogrelated with their dinensions of a
magni t ude of some atom c dianeters as well as with their extrene
surface-to-mass ratio. Actually, these forces are weak interactive forces,
but they may have a considerable influence because of the |arge specific
surface of the nanopowder. Under these conditions, it nay be considered

t hat thﬁﬁe syrface forces provide grain aggl onerates, which nmay even reach
t he sub 9?%3 range, with a certain strength that may, however, break apart
because of a | ow noisture content or a certain ultrasonic excitation. Under
these conditions that are neasured with a nodern | aser granul oneter, the
fol | owi hBeplrRAMBis Pl & parkaf theamethodaceardingstorthe iavertions iThe plasma aglir at i on

The woi O Fetebefit Rt horetitainttoh tHess, el e, g o Bls 1t "5

pm It onéér |bealﬂhbﬁdod?l@amldmmwf§ Both eatHanbeand eintropy aire positivedsta on of
or a partial reaction, and this with an entlrel

phase 4 mts

new degP ®9r9¢3é/th§t ismora,dhe foeimalarotin pf e alems andmalecules is 2 fAAteRT | ve
manner ngﬁ.g figures in which: 8 Fig. 1 shows an indiumoxide/tin
oxi de pﬁgs Pgré‘rggﬁ] Fig. 2 shows a plasma tenperature enthal py di agram
Fig. 3 shows a tenperature spectrum Fig. 4 shows a diagram of specific
surface ra| S|ze Fig. 5 shows defects according to Frenkel (left) and
Schot t k gh Fig. 6a shows a foreign atomthat replaces an atom (a) or
occupi es an |nterstitial position (b); Fig. 6b shows an edge di spl acenent
perpendi cular to the level of the drawing; Fig. 6c shows a screw

di spl acAlteough maw insoneept the péisma iteelt weuwmrallpwmﬂaim@mctmm thee

G agr an ST aoed B @R ivntich!, e B3 R LRESHM bl o iR AT FAIRE Rt
pr oceduative btﬁssu&e e buatng pointor aheorhbustiorothdnibensf ledesed idimeasionsVvier ed
by the g gmﬂd 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 widens 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



The oxygen plasma nethod starts the reaction at a tenperature of a
magni t ude of 10,000 C. Fig. 2 shows the plasnma tenperature as a function of
“the enthal py of the system The oxidati7on reaction takes place on the spot
and is exothermc. In contrast, a zone of a cold atom zation gas

surroundi ng the plasma forns behind the nozzle acconplishing the fl ow and
the sputtering. The follow ng table reflects the properties of the jet for
a st andwatls.nbthig Ipermits és developemdiamaintbincthe \ranioktradture tieatreas beer mitiated

Val uesl EV tOJ‘ta%Ut Pressure [bar]70.95Tenperature [ K] 293165Mach

nunber 0 .g@ﬁ/@ E?"’l'y [mMsec] 0483 The liquid netal jet flows at a velocity of
approx. 3 nisec into an outlet tube, 2.5 nmin dianeter, under a

metal | ostatic colum of 500 mm (height of the |iquid nmetal above the

out | et ) Studies pf vaninus materiale have showa that thei methaghacaardingl tothe firnentiont he

conponoReaTtetE cantiybl afbfibn A8 AL TR BN DO BB B Nd N8 B H B s
t he cal polndsdommpIvired withthe gefiaitionoftramopbadekeen verified by |aser

measurenent. The liquid alloy jet with a tenperature of, for exanple, 670 K
is identified by the axis 1 of the cast jet, the plasma cone (plasna

bubbl Y _ o e ' : : q
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i nvent i iin€® it H SorhPolifidt it provides the formng ITO particles with a

free flight path according to the time required for the conplete reaction
and then controls the cooling phase. Calculations and experinments have

' sec anfenRofait rLiehgto e yRbrhP Siieel ol B8 u BB
corr el abreomoistum, statieoatectriefty and Yadibus karfase parameters that arétcarrildtediwith
magni tude ,of at |east 5 neters is required. The reaction nust be conpleted

in the theigimensiansyHf aymagnitude af seaesatosnic giarpetess aswelt as withitheis expove
1000 C. Al S ' ' Ll h must
nave ¢S e- ARl b AR h6ed [rfes 51 WBRk Hrplativb ot B,
t he gentheatrady davea coresiderableiefluance because of thedarge spevific susagsmoftheons,
in particular of tin oxide. In this manner, a powder consisting of grains
of nanoRBPRROWERHni t ude is obtained. Their mean dianeter is |ess than 1/ 100
pm hence some ten Angstromunits. The powder manufactured in this manner
has an extrenmely large specific surface. Fig. 4 shows the behavior of the
speci f i ¥ndgr these esmditionsh &rmeaviae qensidsred thatdhese surfaee fareeg psovideigrain As a

manu 1 a2PEPIRAIERC RRIEBY len'rahof MG SnirforbR e i Hertn SiRagt" '
nanopowteat may, howevied ek apaet hdtauseluf\d low wbistive contéacer £8eram uitra-

proportional thereto.
sonic excitation.

Under these conditions that are measured with a modern 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 um. This means that 50% of the weight-related
amount of substance has a grain size of less than 0.50 ym.

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:



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
“tenperature and, thus, far beyond the gketch. The anal ysis shows that the
tinis in solid solution and has a 10 structure that conplies with the Cl1
zone. The diagramrelates to an equilibriumstate, and one can see that the
atons are very far fromtheir m ninumenergy state which they should assune
accor di Ag.tlo t he skowstamihdiom bkideftimnoxidephasaeiggraner has finally cool ed
down in_a 2atura| manner unti | etion,of the reaction and at a faster

conpl !
rate thEi%e&ft er aﬁtgpq@%qlﬁm%pgp%ﬁ@tu&geﬂm 9F@Mt here are no obstacl es

to the gigspl acemeghows aqgﬁ{r?é;éﬁegﬁe&m“l attice. It should be noted that

t he nanopowder is not anorphous. I'h racti ce, the state of the nanopowder
correspbigdd t o t hehows ardiagraim ofiepecific sufface/gralesiag; ai ns. Exami nations with
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struct uFg. edef ect shows adfareig§e atshdeiepthded ditaton® £ ort detupidical fitefdtis are

the cause of the |ow electric mobility. This is adequately shown by the
fact that the el eti@lpasitidhdlctivity of the depositions achi eved by cathode
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t he nunbig. 6of def skhows iatsarewstispladdreentst damagi ng defects are form ng at
the grain boundaries of the powder. The grain boundaries represent an
interruption in the crystal lattice. This interruption has different

ori ent afyj j i : S t : aken
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t he t akpiée, Rf ndtwovarédBytite diagrard. f1 i ght. The microscopi ¢ contam nants nust

be attributed to the difference between the cooling rate and that rate that
woul d be allowed by the formation of a crystal lattice, i.e. the tinme and
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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 metal above
the outlet).

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



11 There are three types of defects. Defects at atom positions are often
cal l ed thernodynam c defects, because their presence in the crystals is
often connected with high tenperatures9 These are Schottky defects if an
atomis caused to leave its equilibriumposition and Frenkel defects if a
small cation |ikew se |leaves its equilibriumposition and mgrates to an
interstitial position. The Frenkel and Schottky defects are shown in Fig.
5. As f brview df‘[ﬁblas-dm‘mearﬂrm:hesshﬁthlebtastrm compbeehts) themiktaee ebnibe are of
a structural because the tin, together with the indium oxide, nust
be in sB‘I’l‘ﬂd%@%JP h§hhompgepgpus. 'gn atom ei ther takes the place of a crystal
lattice atomor it occupies an interstitial position. The follow ng table
specifies the netallic and ionic radiuses of the three elenents that are
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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



The powder is heavy, is not suspended in air, and has an extrenely

excel |l ent conpaction behavior. It conpacts as early as at a | ow pressure of
“sonme kg/cn2. To conpact the powder nent®oned, two nethod fanmilies can be
utilized that are well known to persons famliar with the subject matter.
The manuf acturing procedures using variants of the classical conpaction and
sintering nethod, particularly pressing at anbient tenperature after
heat i ngstigcture &\amcgmpjlemﬂamr@%/ zane. ﬁbeldfagéarra@lates teas: equilibriumvstatessur e
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densi t ytheyushoefth assune dcb@rdlﬁgfttﬁfr%nffaﬁlmlﬂmtﬂtﬁvﬂ‘rétﬁém enbodi ment can be
reduced from800 Cto at least 600 C or 650 C. In the manufacturing

procedures where use is made of variants of the hot pressing nethod, the
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can be | I'c or press sostatic
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pressin se receded, by a.cold tion process or not, the
pr essurgg f?ﬁfq @%&rﬁ?'%ﬁm&v&eyP%m%'Pﬁﬁgﬁﬁ@wth the af orenentioned
conpaction and sintering nethod. The nmet hod has been tested and qualified
for the oxidation of bisnuth, zinc, silicon, and other elenents under the
condi t i Brshodkkke nbtatl thiad the nanepowdemis motamarphode nanopowder can, in this
manner, be manufactured in a nitrogen plasma. There are four main benefits.
First, the cost as conpared with the classical nethods is low, mainly
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be achi rometry. Over and above this, the yield
is very close to 100% because the entire powder can be di rectly used,
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contaminants 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.



that were sputtered directly in an oxygen plasma. The nethod was used for
the industrial production of alum niumof a particular quality as well as
~of alumniumnitride, with the latter bking produced in a nitrogen plasma.
The sub-stoichiometric oxide of silicon (Si0) was manufactured with a
shorter free flight path. An exanple of an industrial application wll be
descri bed below. A 70-kg batch of an indiumtin alloy wwth a weight ratio
of 89. 6There ae. tBtegtypesaf defects! Defects aﬂﬁt@n@po?.‘ltienisiaqeubﬁehlaaﬁsdﬁlhemrgh a
cal i brated ceramc npzzle hat is 2.5. mmin nth of a
New on, Sam dPtpets: BREadsa tial resates ity el R o tantonriatfed it gy
super sofirAp&r@tires. THESe ARy Sthttkyldsfetssf aﬁfatérlfnqs %basedj &5 fedfeatt] eqlipper are
sel ected such that they do not have an he path of the powder.
The freBum pegiiomand Frenieel defegts if arpma ill@@ilpe ||k§WL$@s|BﬂV©$1§§I eguiliRrivmaposine

Vessel . i aftTnBistef 6 epiREiel BhoaR G Frotkd BB IR YAt oy o1
cannot bleown as Fige®. Aslfar ag4T® is eoheemicdhthe defeatinttidaypé of tHecatoems &rgst rom
units, when observed under the electron m croscope. The powder is filled

into anotd&busiusal nature; bacayse 8 Hn Hegetharvgthcihet indives OXE’eaBBtﬁhbﬁdﬂat ed in
a hot-i e cy
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r enovedo€cupies bo imterstitial pesitionkpi ece has solidified and can be treated
easily. Its density is over 99% A second industrial application exanple is
as follows: A 500-kg batch of bisnmuth is filled into a nelting crucible.

Consi de'ThégoHdeQXéﬂétéﬁéﬁlffe%flﬁérﬂﬁé’taﬂ'&: dricdiishit faidfBeisibf the ehider dlaffengdioul d,

preferrably, rotected. Since bisnmuth, when cooling down, expands but
does nothaétambna debere the nelting cruci bI e consists of steel. Once the
netal has reached a rrper ure hat ?’L +above its nelting
tenperature, the sto éulle e plasma forns as soon as the

jet acts as el ectrod1332The| wur byoz hrmwhpm,?#s 540 kg for a jet with a
di aneter of 2.5 mmand 500 nm material to be 15 nmelted. The powder is
col l ected as descri bed above. The sane production with use bei ng made of

21 ne. undfie dils RSO, BRIGAIARRY ek s indibA1ARPUsPbeciRy donetifiao. The

same productlion use antinmony” yl el d production volune
of 366 Eifjoper hour. In contrast, silicon was introduced into the plasma as
powder in the formof a Newtonian fluid jet, with the plasnma bei ng charged
via a helical conveyor. 16 Patent application W C. Heraeus GrbH & Co. KG

Met hod frae deféctsmindl @isplaEEmehtPardélelSr ddAng MéElBbolig BhasaTi THYYdaret or  oxi de
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



powder, an oxide powder, a solid and its application Clains 1. Method for
the manufacture of a netal oxide powder or a sem conductor oxide powder,
“characterized in that it conprises a dyham c, continuous and direct
oxidation of the nmetal or sem conductor material that assunes the function
of a nelt-down el ectrode in an oxygen plasma, wherein the tinme of flight of
t he devel opi ng oxygen particles is appropriate for the conplete oxidation
reacti otheagals ﬂd;Whm)the reactionciessel Thiccar be tpropéy acmevémbymmdedmm
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met hod according to claim1l or 2. i de powder according to cI aim3 or
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in that sweassedjmcEWfrom Bébar o Stﬂafslstsmll'tedrmth atemperature of —88 °C; the
emission temperature of argon is —120 °C.

The aforementioned 90/10-ITO powder has been manufactured according to the in-
ventive method. It has the following properties:

Primary particle size nanostructure less than 0.10 um
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



17 7. Solid conposed of an oxi de powder according to one of the clains 3
through 6, characterized in that it has a density of 99% of the theoreti cal
“density or a higher density. 8. Solid g®cording to claim?7, characterized
in.that it is manufactured in accor dance with a nethod according to clains
1 through 3. 9. Application of a solid according to claim7 or 8 as sputter
target. .AY. A . A & A . A9. A& A&r. A& . A& A A& A& A. 9. A& AU&L. A& A&.
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Over and 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 (0%, O*, Oy, 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.
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The method was used for the industrial production of aluminium of a particular quality
as well as of aluminium nitride, with the latter being produced in a nitrogen plasma.
The sub-stoichiometric oxide of silicon (SiO) was manufactured with a shorter free
flight path. An example of an industrial application will be described below.

A 70-kg batch of an indium-tin alloy with a weight ratio of 89.69 to 10.30 percent is
melted at 400 °C. The liquid flows through a calibrated ceramic nozzle, that is 2.5 mm
in diameter, in the form of a Newtonian fluid jet. It enters a pure oxygen plasma and
is blown at by a supersonic nozzle. The form and diameter of the stainless-steel
chamber are selected such that they do not have any effect on the path of the pow-
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 example 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



10M 10M 10M 37@109%M & () - AWL0%AVE' () - 33/ 4d45c5{ 5dEbC

10948’ () - s 10%V&' () - #109AV&' () - #109%V&' () -1 z#10%& ()-"10%v& () - 3{507;

- 8099:r:s:t:dE:/ 10M 10MB7#10%V&' ()- 3709V & () -

5#10%VE' () - - #10%VE' () - SH10%VE' () - SH10%VE' () -t:u:w X: ;> xY7/

10M s@10%H& () - @109%K& ()- @10W& ()- @109 ()- L10%K ()- M&BLO%K () -
10M Y<=Z===#>dE7/ 10M s@ #10%&' () -

' 10%—18Jr(e)ten10%ﬁ p@)lvdemsw@{l&ted as teskkbéd abyre e §ame production with use

7(#)>Z >Sozgg|?159rga|:dé of zmc uno@r the sam%a cg_ri%ltggns ylel%js /é‘_ﬁ‘\r(()ejgh;; oq'%% |8 pI $- #1096

Y #10%4%&9 Thésame E)'féddct‘bn*vllﬂ%ge bbrrlg*miag%,@ﬁa(rﬁm%o fé@%@ébrdductloﬂ%ﬂ“& ()-
| “*109H& () - | ???272?27???0P1/

Sk 10%|&um)e~¢f 3660kgRe( houn'mc@@m §$pcm MSI lntrmdaﬂa&lrw ihezro a8/ powv-

5#10% % 0 ACPH 1 #10%\V#
#10%/#1%@@‘( %thg fﬁ}gé}m%o&ugh f@g(}ﬁ_ M l%%éﬂ %%lr?éb‘éﬁgrged \P he'YEéaf
@L0Y0-¢dMuelybr.01&L0L&PHHHET 11>32J] [ : -/ 1OM-#M <: | LOGM-#ME! () -

: Z#109VH#ME, ()- 5#109VH#M& () -3 5#10%ME () -3 3" 10%VH#M () -
k2#10%M' ME ()-?2J@AIDIJI K{ KbA/ 10M-#M | -#109%VH#M&' ()- 3 109%VH#ME () -
"1090VHEME () - #1O09VHH#ME () -



109VF#ME' () - LOM-#MLOM-#M KKLI LLLM [ : A/ LOM-#M @LOYH#NE! () - - #109VH#NE: () -
"LOWVHEME! () - &LOVHHME () - &LOWV#ME' () -

- " 109%VH#ME! () - MFQ<R=R>R?RBRUIUV U410 | 10BOM#ME! () - #10%H#ME' () -

&LOYVH#ME' ( ) - LOM-#MLOM-#MLOM-#M 3#100#ME! () -

yH10H#ME () - @U{ UULIVLVZZ| [ : - A10M-#M +f #100F#ME' () - S@LO%V#ME () -
{#10084#M8: ()-f 1000H#ME ()- g 10%#&' ()-f LOWMME () - ZZZZAZMADAGLOM-#M
109006 M8 () - f mLOYV#ME' () - " LoRatenkapplicationd#\e: () -t

&LOYVH#ME! () - LONF#MLOM-#M (@ P A # 0UVHHNE! () -

8" 109VF#ME ()- ° * #109-#ME! V? €. &ei%éﬂﬁé%&yﬁ)y d%dﬁ 4V () -f

LOYM-#ME! () - b@AcBcCeFoce=dvUA10 Y | TOWM-#NE! () - " TOWM-#ME! () -

#1090H#M&' () - 9109H#M&' () - LOM-#MLOM-#MLOM-#M
<#10%W+ exl-foii ghe imanufactuneota moetal emide powder or a semiconductor oxide

Fitosad e ()| | RWAaty 4 St Popdleroatiidang its adilididfie! ()

#1090#ME () - #109H#ME () - F y10%-#ME () -

#1098M-#ME ()-qgr _rrttttt]obU410 & 100 #ME () - LOM-#MLOM-#MLOM-#M

f 2#1090VF#MR' () - ,/ 109%VH#MR' () - - M ()- " *10%#ME () - t vvvvvvvw U410
T#10% k#: & ()- 10% k#: & ()- 10% k# & ()- & 10% k#: & () - 10M-#MLOM-#MLOM-#M
y#L109VH#ME () -w. WAWA] yyy| [:vU410 f$ 10% k#: & ()- Y'"10% k#: & () -

SI10% k#: & () - z#10% k#: & () 10% k#: & ()- z10% k#: & ()-y/zzzz:{n{|[:vU410
fOlO%k &( %k#: ‘()= S *. 10%

(253006 R 2 Vptrach ol i fahufaciutel 6Fa matal ol mavsed OF 2 Sstiebhductepoxide

y<10% kit: & (;)owdler cﬁQPé’ckéhZ%d(ﬁrthdﬁ? é@ﬁ%}hﬁe&a(dyna)ﬁﬁ 8, déhtintibug a(r)ddlrect
3#10% k#: & () ;}}% NA41010 Sml0% k#: & () "10% k#: & (
10% k#: & () - omm%m e(metal @owmmd@ptor&metaﬂla#that essumesthe |ft[m¢wmozﬁao
ggg?ﬁ; tﬁ i E eIt-downlgléch'gdé‘ r(%n ox%g&rq ﬁéﬁng‘ \X/I)\ereﬁ*}%@ h‘ﬁe%f%ght o%‘%r(& l&% & ()-

veloping oxygen 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. Oxide powder, characterized in that it is a nanopowder with a grain size of less
than 0.5 ym, 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 ox-
ide, silicon oxide, antimony oxide group.

6. Oxide powder according to claim 5, characterized in that the silicon oxide is
sub-stoichiometric.
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6, characterized in that it has a density of 99% of the theoretical density or a
higher density.

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.



