CDNPONENT MADE « CF~SINTERED OXI DES OF | NDI UM AND TI N AND METHOD OF
MANUFACTURE BACKGRCUND ‘OF THE | NVENTI ON.Fi el d of the Invention The present
‘ipvention concerns a conponent nade of sintered oxide particles of indium
and tin. The nean size of the oxide particles is larger than 2 [err]m The
enpirical "density of the conponent is nore than 95 % of theoretical. The
present invention also concerns a nethodlof manufacturing such a conponent
from such oxides by nolding a-green body out of a m xture of powdered

i ndi um oxi de and tis-#éxide crystals and sintering the green body,
Background | nformation Conponents of sintered oxides of indiumand tin are
enpl oyed, for exanple, as "ITO" [err] targets, to sputter thin coatings of
i ndi um oxi de and tin oxide onto various substrates.

COMPONENT MADE OF SINTERED OXIDES GF IMDIUM AND TIN
AND METHGOD OF MANUFACTURE

BACKGROUND OF THE INVENTION

Field of the Inventicn

The present invention ccncerns a component made of sintered
oxide particles of indium and tin. The mean size of the oxide
particles is larger than 2 gm. The empirical density of the
component is more than 95 % ¢f theoretical. The present
invention also concerns a method of manufacturing such a
component from such oxides by molding a green body out of a
mixture of powdered indium-oxide and tin-cxide crystals and

sintering the green body.

"Background Information

cOﬁponents of.sintered oxides of indium and tin are
employed, for example, as “ITO" (InSnQ,) targets, to sputter thin
coatings of indium oxide and tin oxide onto various substrates.
éuch coatings are distinguished for transparency to visible light
and for electric conductivity. These characteristics make them
useful for manufacturing, for example, liquid crystal displays.
The best starting material has heretcfore been demonstratad to

comprise 90 $ indium coxide to 10 % tin oxide by weight.



usﬁbh coatings are distinguished for transparency to visible light and for.
el ectric conductivity. These characteristics nmake them useful for

‘manufacturing, for exanple, liquid crystal displays. The best: starting
mat eri al has heretofore been denonstrated to conprise 90 % i ndi um oxide to
10 % tin oxide by weight. -2- Signifigant factors regarding the quality

of the target, in addition to its honogeneity, purity, and degree of
oxidation, are its density and mcrostructure. It has been denonstrated
that a dense target results in a nore uniformcoating. FEuropean Patent

W eh densi ti 65 upLanobiosls TaALERe Feant ek MRAET SF b S hepdet £ S

range in sizgd{4iQibd +8 Ak RhbhBheidy "FRhrity, and degree of oxidation, are
its density and microstructure. It has been demonstrated that a
dense target results in a more uniform coating. European Patent
Application Al 6 5384 672 discloses indium-and-tin oxide
sputtering targets with densities up to 99 % of theoretical. The
sintered oxide particles range in size from 1 to 20 pm. It has
been demonstrated that the target becomes brittle when the
particles are ccarser than described hereinabove and that

sputtering takes too long when they are toc fine.

The target in EP-Al 0 584 672 is produced by mixing indi
oxide and tin oxide, molding a green bedy therefrom, compacting
it, opticnally by ccld-isostatic pressure, and sintering it for 5
hours in an oxyéen-containinq atnosphere at 1280 to 1600°C. The
indium~oxide is aobtained by precipitation from an agquecus medium.
The indium oxide is very finely divided and has a BET (Brunauver-
Exmett-~Teller) surface arez of more than 15 n@/qf Tge starting
powder is fine enough tc ensurs uniform distribution of the
oxidie constituents. .The target is distinguished for its density
and for the transparency of the resultiﬁq coating. The target,
however, is not only complicated toc manufacture, but is also

fragile,



been denonstrated that the target becones brittle when the particles are -
coarser than described herei nabove and that sputterlng takes too | ong when
they are too fine. The target in EP-Al 0 584 672 is produced by nixing

i ndi um oxi de and tin oxide, nolding a green body therefrom conpacting it,
optionally by cold-isostatic pressure, apd_sintering it for 5 hours in an
oxygen-cont ai ni ng at nosphere at 1280 to [err] The indi um oxide is obtained
by precipitation froman agqueous nmedium The indiumoxide is very finely
divided and has a BET (Brunauer- Emmett-Teller) surface area of nore than

15 [err] The st aridsihdioplaabsrd e xABONOHL 0 vSBSULEMALAT BLEE Shidda! | 00

of the oxidic constituen The target Is distinguls S dbn5|ty and
for the tranggaredSputicerifig’ BEdddsmIppORIE nq,e.,ﬂ_'geeg aé;get,\rcggmer i s not

only conplicated to manufacture, but is also fragil
Specialty Alloys, Providence, RI 02909 (SVC- raceedings, Baston
(1994)). The Lewis et al article suggests increasing the density
and, in particular, the conductivity by mixing the oxides,
molding a green body out of the powdered c*ysials, and sintering
it at ordinary pressure and at a temperature of more than
approximately 1200°C. The resulting target consist ts of a sclid
salution of an extensively single-,hase structure. The
scientific basis for this procedure is evident from a phase
diagram for indium oxide and tin oxide like that published by
Encki et 21 in Journal of Materials Sciences, 26 (1991), 4110~
4115. This diagram demcnstrates that the tin oxide in a mixture
of 90 % indium oxide to 10 % tin oxide by weight will completaly
dissolve in the tin oxide at approximately 1500°K, producing a

total crystal mixture.

The aforesaid Lewis et al article also describes procedures
whereby mixtures of powders of the two oxides containing a small
percentage of metallic indium are compacted in a mold and heated
under pressure. It has been demonstrated that targets
manufacturaed by this procedure include individual particles cf
tin oxide that decrease the electric conductivity of the targst

and hence the sputtering rate.



-3- Anot her procedure is known from"Structure and Performance of |ITO
Sputtering Targets" by B.E. Lew s et al, Ar coni um Speci al ty Al l-oys,

Peovi dence, Rt 02909 (SVC-Proceedings, Boston (1994)). The Lew's et al
article suggests increasing the density and, in particular, the
conductivity by mxing the oxides, nolding.a green body out of the powdered
crystals, and sintering it at ordlnary pressure and at a tenperature of
nore than approximately [err] The resulting target consists of a solid
solution of an extensively single-phase structure. The scientific basis for

this procedure ispaviedh fFeuesar-aBage: dt agrathi Aarddidicedrexseeypd tin
oxide like that published by Enoki et al in Journal of Materials Sciences,

26 (1991), 4&dRsitdd Hompdhentslimgnaskiesdnsd iateentdm dihe tEowavdrle the a

mxtare preparation of a homogeﬁeous nixture of oxides has beaen
problematic, necessitating very pure matarials and complicated
blending. The slow and high-temperature sintering required by

the known procedures alsc demands a lot of energy.

A procedure for producing sputtering targets is described in

the abstract for Japanese Patent Application 2-115326 A published
Abstracts Japan, Sect. C, Vol. 14 (1990), No. 322
(c-739). JP 2-115326A describes mixing powdered metallic tin
with powderad indium OXIde and then calcining the mixture in a
reducing or non-oxidizing atmosphere. The resulting solid
solution of oxides of indium and tin is ground up and hot-
comprassed into a bleck in a nron-oxidizing atmosphere. The
ta;~e~ is produced from the block.
SUMMARY OF THE INVEMTION

One cobject of the present invention is to provide a
component made of sintered oxidas of indium and tin with high
density and low fragility, that can be rapidly sputtered, and
that will be appropriate for producing highly transparent and
electrically conductive InSnO, ccatings. Another cbject of the
present invention is a particularly eccnemical method cf

manufacturing components out of sintered oxides of indium and tin



of 90 %)indTunioxide to 10 % tin oxide by weight will conpletely dlssolve
in the tin oxide at apprOX|nater [err] producing a tg :

The aforesaid Lewis et aI ar'r icle-al so describes procég MIS%METWBEEN

m xt ures of pomders of X|des containing a smyl | penspuAegB of
metal lic indiumdpP nDId d heated unte 4S
been denonstrated nufactured by this procedure |nclude

i ndi vi dual partlcl e that decrease the electric conductivity
of the target and hence the sputterlng rate. -4- The known procedures

allow for the manufacture of high- density conponents from oxides of indium
and tin. HowgMeh,atHigh specific density and a homogeneous crystalline

structure.

The aforesaid first object is attained in accordance with
the presant inventicn by a component wherein at least 97 % by
weight of the oxide particles are crystals with a crystallina
matrix of indium oxide. The oxide particles keing in the form 6f
mixed crystals ensures a particula;ly homogeneous distribution of
indium and tin. This facilitates the production of uniform and
homcgeneous coatings of oxides of indium and tin on components in
accordance with the present inventicn. The homogeneous and-
essentially single-phase solid solution matrix of the present
inventicn significantly decreases the component's fragility. The
single-phase solid solutiocn structure allows for the production
of highly conductive IasnC, coétinqs. These beneficial effects
tecome even more pronounced as the percentage of the solid
sclution phase in the component increases. Such bensficial

ffects have'not, on the other hand, been obsefved when the

percentage of the solid solution phase in the crystalline matrix

is less than 97 % by weight.

The component according to the present invention with
sintered oxida particles with a mean size of less than 20 ugm has
been demonstrated to be particularly keneficial. This .

characteristic has a particularly positive effect on the



preparation of a honogeneous m xture of oxides has been problematic,
necessitating very pure materials and conplicated bl ending. The sl ow and

hi Yh-tenperature sintering required-by the known procedures al so demands a
| ot of energy. A procedure for producing sputtering targets is described in
t he abstract for Japanese Patent Applicatigpn 2-115326 A published in Patent
Abstracts of Japan, Sect. C, Vol. 14 (1990), No. 322 (C-739). JP 2-115326A
descri bes m xing powdered netallic tin with powdered i ndi um oxi de and then
calcining the mxture in a reducing or non-oxidizing atnosphere . The

resul ting sol e8msenatit'@n seresytnies Aaf ek idn@nenétdid $ha" 961l Wolarkdehot -
conpressed into a block in a non-oxidizing atnosphere. The target is

produced fromishin Riec KndSupiddeOrnatiity | IdvEEEERbéde obj ect of the present
invention is to provide a conponent made of sintered oxides of indium and
tin with high _
The aforesaid second chject is attained in accordance with
the present inventien by a method whe*e*n the sintering occurs at

less than 1100°C and preferably at between 800 and 105¢°C.

BRIET DESCRIPTION QF THE WING
Various embodiments of the present inventicn will now be

specified with refersnce to the drawings.

Figure 1 is a chart showing an ¥-ray analysis of the angle
of diffraction of powdered indium oxide along with the associated

literature values.

Figqure 2 is a chart showing an X-ray analysis of the angle
of diffraction of powdersd tin oxide along with the associatad

literature values.

Figure 3 is a chart showing an X~-ray analysis of the angle
of diffraction of the powderad mixed crystals employed to

manufacture a component in accordance with the present invention.

Figure 4 1s a chart showing an X-ray analysis of the angle
cf diffraction of components manufactured in accordance with the
presant inventicn suksequent to sintering at different

temperatures.



density and low fragility, that can be rapidly sputtered, and that will be
appropriate for producing highly transparent and electrically conductive

| nSNO coatings. Another object of the present invention is a particularly
econom cal nethod of manufacturing conponents out of sintered oxides of
indiumand tin Substitution sheet - 5+ _ - (5 Septenber 1996)
with a high specific density and a honogeneous crystalline structure. The
aforesaid first object is attained in accordance with the present invention
by a conponent wherein at |east 97 % by weight of the oxide particles are
crystals with a crystalline matrix of indiumoxide. The oxide particles
being in the form of - DETAILED DESCRIPTION OF THE INVENTION

An appropriate solid solution phase exhibits a diffraction
angle of 28 at approximately 30.5° in a ¥X-ray powder
diffractometer. The material can be in an indium-oxide crystal
phase #ith tin oxide incorporated into the crystalline structure.
It is considered that the indium ions at the lattice sites are
replaced with tin ions. A solid solution powder essentially in

the solid solution phase is praferred.

The preferred composition of the solid solution powder
corresponds to 90 weight % indium oxide and io weight % tin
oxide. The amount of indium oxide can vary in the range betwegn
60 weight % and ¢85 weight %. The amount of tin oxide can vary in

the range between 5 weight % and 40 weight %.

In the publication of Bates et al (Ceramic Bulletin, Vol.
65, No. 4 (1986), pages 673-5678) values of the electrical
conductivity for compesitions in the above ranges are given. It
is shown thexein that the electrical conductivity reaches a

maximum near 80 weight % indium oxide.

Since the method in acccrdance with the present inventien
proceeds not from a mixture of powdered crystals, but mainly or
entirely from a kixed-{icrystal powder with a single solid sclution

phase, it is unnecessaxy to carry out the sintering at a



sol i d-sol ution ensures . . a particul arly honogeneous distribution of
indiumand tin. This facilitates the production of uniform. and honogeneous -
ceatings of oxides of indiumand tin on conponents in accordance with the
present inpvention. The honbgeneous and essentially single-phase solid
solution matrix of the present invention gignificantly decreases the
conponent's fragility. The single-phase Solid solution structure all ows
for the production of highly conductive [err] coatings. These benefi ci al

ef fects becone even nore pronounced as the percentage of the solid sclution

phase in the GagpeRetird ¥ aRTeStha®Uidobenesiddiralineh ool RIYaLion  prizel he
ot her hand, been observed when the percentage of the solid solution phase

in the crystaly soRstantiadly loess &irrexdngltéyperaitgbt . cdihdbc @apboped. The
according to the present invention with sintered oxida particles with a
mean size of Imesho@him cqusiarim Wikh Rien présenthdnvantion dhecpardingiyar |l y

beneficial. This . _
considerably more aconomical from the aspect ¢f energy than the
known methcd. Moreover, it has also been demonstrated that
higher densities than can be obtained with known methods can

sometimes be obtained by the method of thes present invention.

When sintéring cccurs above 1100°C, the tin oxide can
precipitate out of the solid solution phase. It is, on the other.
hand, of benefit to sinter at a temperature as high as possible
in order to increase the density. It is advantageous to sinter
at more than 809°C and less than 1050°C in order to obtain a
compcenent that is as dense'as possible, while preventing as much
tin oxide as possible from pracipitating out
of the mixed crystal. Such temperatures are ralatively low for

sintering and thus make the method economical.

When the sintering occurs subject to conditions whersin
chemical equilibrium becomes established relatively slowly in
relation to sintering time, lower temperatures can be compensated
for by longer times and vice versa. Th sintering temperatures
specified herein are to be considered guidelines only inasmuch as
the same results can be obtained with lower temperatures and

longer times.



characteristic has a particularly positive effect on the REPLACEMENT SHEET .
Date : 06 SEP 1996 -6- conponent's strength.. An enbodi nent wherein the
splid solution is in the indiumoxide matrix is preferred. - The aforesaid
second object is attained in accordance with the present invention by a

met hod wherein the sintering occurs at less than [err] and preferably at
bet ween 800 and [err] BRI EF DESCRI PTI ON.Gy -THE DRAW NGS Vari ous enbodi nent s
of the present invention will now be specified with reference to the
drawings. Figure 1 is a chart show ng an X-ray analysis of the angle

It is particularly advantageous to compress the solid
solution powder whila it is being sintered. The result is
satisfactory component density, whichlis econemically provided
without too much heat and without the associated precipitation of

tin oxide out of the solid solution structure.

t is more advantageous to compress the sclid solutien
powder hot-isostatically while it is bheing sintered. The result
is uniforn compaction of the solid solution powder in the green

body and uniform density distribution in the sintered component.

Depending on the sintering parameters, the green body may be
a loose agglomeration of the powder in bulk or it may ba a green
conpact. In case it is inptended to compress the powder hot,
while it is.beinq sinteraed, it is sufficient to have a green body
consisting of loose powder in bulk. In case a hot isostatic
pressihg is intended, it has been found advantageous to have a
more compact green body, which may be realized by prepressing the

loose powder in a form.

The graen kbody may have the rough dimensions of & typical
sputter target or it may have the dimensions of an ingot, which
is suitable to manufacturs sputter targets by cutting appropriate

pieces from it.



of dlffractlon of powder ed |nd|un1OX|de along with the associ ated
literature values. Figure 2 is a chart show ng an X-ray
angl e of diffraction of powdered tin oxide along with t JHIS SHEERTHAS BEEN "
literature vaWchart showi ng an X-rayj{ anal yﬁ@-kﬁEQ he

angle of diffracti emﬁ& wdered m xegh crystal s enpfo Te
a conponent |n the present invention. Figure 4 is a chart

eSS Or—I1e—

show ng an X—ray e angl e of diffraction of conponents
manuf actured in the present intention subsequent to
sintering at different tenperatures. -7-

Pressures of 30 to 150 MPa and sintering times of 2 to 6

hours are prefevred for the compression of the mixed-crystal

powder.

Solid solution powders that have particle-size distributions
resulting in a Brunauer-Emmett-Teller surface area of less than 5
and preferably less than 1 m’/g are preferred for manufacturing
the target. Mean particle sizes ranging from 2 to 20 um will
lead to the desired BET suriace area, When the particles are any
larger, the component can be brittle, and, when they are any

smaller, the target sputtering is too low.

It is evident from Figure 1 that the major diffraction angle
20 of indium oxide is approximately 30.5°. Subsidiary maxima are
apparent at angles 20 of approximately 21.5, 35.5, 5l, and
61°.

The most intense angies 20 of tin cxide are 26, 34, and

52°*, as is evident frem Figure 2.

The X-ray data shown in Figure 3 was obtairned from a solid
solution powder composed of S0 % indium cxide and 10 % tin oxide
by weight. The powder's mean parcicle size was approximately 3

gm and its specific BET surface arsa was 0.3 m?/g. The



- BETAI LED DESCRIPTICN OF THE | NVENTI ON An approprlate solid sol ution phase
exhibits a diffraction angle of 20 at approximately [err] in a X-ray powder
diffractometer. The material can be in an indium oxide crystal phase with
t'in oxide incorporated into the crystalline structure. It is considered
that the indiumions at the lattice sitegjare replaced with tin ions. A
solid solution powder essentially in the solid solution phase is preferred.
The preferred conposition of the solid solution powder corresponds to 90
wei ght % i ndi um oxi de and 10 wei ght %tin oxide. The amount of indiunloxide

can vary in {Besc 200 ieluRes 6% Riaht: 96 AkiRB Lol Al % Thesqumyn

tin oxide can vary rn the range between 5 wei ght wel ght In the

publication ohaRakes & & 300ef ARinGcRBULL e¢id) maYelk- dxﬁﬁaac%‘ion%ﬁé—%@f thages
673-678) values of the electrical conductivity for conpositions in the
abqve ranges. poedgra®rnindiul oxide. Lowexr peaks are evident at 21.5, 35.5,

§1, and 61°, as in the chart of indium oxide.

There is a low peak at the diffraction anglé 20 of
approximately 26°, which is the major diffréc:ibn angle of tin
oxide. The empirical intensity, however,‘is considerably lower,
as would be expected from the percentage by weight of tin oxide
in the mixture. The ﬁéight of the intensity peak suggests rather
a participation of approximately 2 % by weight for fhe tin-oxide

phase, and the powder is accordingly essentially sinqle—phgse.

mples

Three sample components were hot-isostatically pressed from
a powder consisting of 20 weight % indium oxide and 10 weight %
txn oxide, but with only one mixed oxide phase. The powders were
for this purpose encapsulated in a steel jacket and sintered for
three hours at 100 MPa. Each sample was sintered at a different
temperature, and the other processing parameters wera identical.
Sample 1 was sintared at 870°C; Sample 2 was sintered at 970°C;

and Sample 2 was sintered at 1070°C.

Figure 4 illustrates the diffraction angles obtained for the

threse samples. The intensities obtained for Sample 1 hardly



i's shown therein that the electrical conductivity reaches a maxi num near 80
wei ght % i ndium oxi de. Since the nethod in accordance with the present

i pvention proceeds not froma mxture of powdered crystals, but mainly or
entirely froma crystal powder with a single solid solution phase, it is
unnecessary to carry out the sintering ajsa -8- tenperature of nore than
[err] to obtain a solid solution phase. substantially | ower sintering '
tenperature can be enployed. The nethod in accordance with the present

invention is accordingly considerably nore econom cal fromthe aspect of
energy than t&ECIaFofACReERRSE oWBRABSRL0T fapake A .so Thepneskaniiaddt ed t hat

hi gher densities than.,can he .obtajned with known net hods can
9 correspond to that of Ege startqng powder ang to that obtained

for indium oxide as illustrated in Figure 1. It is only at an
angle of diffraction of approximately 32.1* that a low additional
maximal intensity can be cbserved, which can, however, be

ascriked to neither indium oxide notr tin oxide.

It is eonly in s;mple 3, which was sintered at a temperaturs
of 1070°'C, that the plot ¢f intensity varies. There is a low
intensity peak at approximately 26°C, which identifies a tin-
oxide crystalline phase.- This second crystal phase should be
avoided to the greatest extent possible. Tne specific densities

of the samples are as follows: .

Sample Densities in g/m

1 7.03
2 7.06
3 - . 7.08

The theoretical density is approximately 7.14 g/m’. The
empirical densities accordingly are all in the vicinity of 59 %
cf theoretical. Since Sample 3 is not substantially denser than
Samples 1 and 2 and since the tin cxide has already precipitated
out in the form of & second phase during the sintering, the
optimal sintering temperature in this event will be below 1070°C

at normal precessing paramekers.



sonetines be obtained by the method of the present i nvention. Wen

sintering occurs above [err] the tin.oxide can precipitate out of the solid
solution phase. It is, on the other. hand, of benefit to sinter at a ' '
tenperature as high as possible in order to increase the density. It is
advant ageous to sinter at nmore than [err}zand less than [err] in order to
obtain a conponent that is as dense as possible, while preventing as nuch
tin oxide as possible fromprecipitating out of the m xed crystal . Such
tenperatures are relatively low for sintering and thus make the net hod

econoni cal . \Wen gyfe idﬁé@@heght %#%2 g%?{e avEQ Qﬁﬂgﬁééﬁggin ﬁéﬁg?Fon to

chem cal equilibrium becones”es trvely sl

sintering tigRehbomeind SIRCHRALAN RSySaA1 DehLRBRES Al B il Bye | ONgee ti mes
and vice versa. The sintering tenperatures specified heréin are to be

consi dered gusidedties wimey ibnsksssiiagedt hergants r pssd i «C pachesdkifaknad
with | ower tenperatures and
mere rapid sintering that cccurs at higher temperatures with no

sacrifice of density.

In a most preferred emhodiment, a reducing atmeosphere is
established during sintering. The resulting sample has a high
density and shows a2 metallic phase finely dispersed between the

crystalline oxide matrix.

Various changes and modifications may be made, and features
described in connection with any of the embediments may be used
with any of the others, within the scope of the inventive

concept.



| onger ti nes. -9- It is partlcularly advantageous to conpress the solid
sol ution powd while it is being sintered. The result is satlsfactorv

canponent den5|ﬂi whi ch s econoni cal |y provided without tqgﬁgif -pg
LAGE

wi t hout the ass mmnwma tion of tin oxide out of th
us to conpress the solid s

structure.
hot-lsostatlcally whi l'e i% s bei ng sintdfed. The result is uniform
conpaction of the solid solution powder in the green body and uniform

density distribution in the sintered component. Depending on the sintering

par anet er s, th@LQH@%h body may be a | oose aggl oneration of the powder in
bul k or

't may be algr%?%omponent comprising particles of sintered oxides of
indium and tin, the particles having a mean size larger than 2
gm, the component having an empirical density more than 95 % of
theoretical, wherein at least 97 % by weight of the particles are

solid-solution crystals with a crystalline matrix of indium

oxide. .

2. The component as in claim 1, whersin the mean size of

the sintered oxide particles is less than 20 um.

3. The camponent as in claim 1, wherein the indium oxide is
in an amount of 60 to 90 weight % and the tin oxide is in an
anmount of 5 to 40 wéight 5.

4. The component as in claim.l, whérein_}ndium oxide is in
an anount of 90 weight % and tin cxide is in an amount of 10

weight %.

S. A method of manufacturing components from oxides of
indium and tin comprising molding a-green body from a powder of
indium oxide and tin oxids crystals and sintering the grzen body

at a temperature less than 1100°C.

6. The method as in claim S, wherein the sintering cccurs

il

at a temperature of 800 to 1030°C.

This Sheet Has Been
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ebnpact In-case it is intended to conpress the pomder hot, mhlle | t

bei ng- S|ntered——+%—rs—svffrcr€ﬁf‘to have a green body con 3] i éEEN
powder in bul k. %hge@ﬁﬁ‘sB%e ¥platedOSt atic pressing is inten eH’“&%'E%gRG

found advantageo re conpact green body, whigh
El in a fqrqyg _.The green body Tay have the

by prepressing t
rough dlnen5|ons sputter target or it may have the di nensions

of an ingot, mhlch is suitable to manufacture sputter targets by cutting
appropriate pieces fromit. Substitution sheet - 10 -
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powdered indium cxide and tin oxide is compressed hot while it is

being sintered.

8. The methed as in claim 5, wherein the solid solution of
powdered indium oxide and tin oxide crystals is compressed hot-

isostatically while it is keing sintered.

e, The methed as in claim 5, wherein the Brunauer-Emmett-

.Teller (BET) surface area of the powder is less than 5 n?/gq.

10. The method as in c¢laim 9, wherein the BET surface area

of the powder is less than 1 wi/q.

11. The methed as in claim 5, wherein the sintering is

carried out at a prassure of 50 to 150 MFa.

12. The methed as in claim 5, wherein the sintering is

carried out for 2 to é hours.

13. The methed as in claim 8, wherein the sintering is
carried out at a pressure of 50 to 150 MPa, for a time of 2 to 6

hours and at a temperatuxe of 800 to 10S0°C.

14. The method as in claim 10, wher=ain the sintering is
carried out at a pressure of 59 to 150 MPa, for a time of 2 to 6

hours and at a2 temperaturs cf 8C0 to 1050°C.

AN TR A




“sol i d-sol ution hours are preferred for. the conpression of the

sol i d-sol uti on powder. Solid solfution- powders that have p =< SBEEN
"di stributions uhauer - Enmmett-Tel l er surfa eTléHSe - LAEEBS
than 5 and pre mm”"l"um Hllmﬂ" [err] are preferred fonl nanu E

the target. Meart parttcl®e sfizes ranging fjgam 2 to 20 [err]mw |l ead to

the desired BET surface area. Wen the particles are any larger, the
conmponent can be brittle and, when they are any smaller, the target

tterin toolo evi dent f.raom re 1.that
ZP:‘Jf r acltl gnl anl &520 o} %ﬁﬁvéﬁl ?lgpg? g)%brﬁmeépy%f‘%rﬂ iréglﬁﬁé?tﬁ‘qﬁy

MBXi e ar e acpp Wél;er%é al?ﬂtl&? c%Qd fa#&’%ﬂxgmg foe' %%mg T.sgsseﬁf’ ’ho%ldu ¥ The

nmost i ntense I'n "0Xrde are err] ‘as s evident
fromFi gure.gmt'giq_né.ray data shown in Figure 3 was obtained froma solid

16. The method as in claim 13, wherein the solid solutien
of powdersd indium oxide and tin oxide crystals is compressed

hot-isostatically during sintering.

17. The method as in claim 5, wherein the sintering is

carried out in a reducing atmosphere. -
heet Has Been Replaced
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. $olutibn powder conposed of 90 % i ndi um oxide and 10 % tin oxide by weight.

The powder's nean particle size was approximtely 3 [err]m and its_specific":

Jerr] ‘ surface area was 0.3 [err] The REPLACEMENT SHEET Dat e: 0 6 SEP
1996 diffraction chart exhibits five definite peaks of intensity. The
maximumis at [err] which is the major diffraction angle of the powdered

i ndi um oxi de. Lower peaks are evident at® 21.5, 35.5, 51, and [err] as in
the chart of indiumoxide. Thereis a | ow peak at the diffraction angle 20
of approximately [err] Wintbndi3ytddai13aj or diffracti of.iaR@l, ehedsi N OXi de.
The enpirical intensity, however, is considerably |ower, as would be

expected fromthe percentage by weight of tin oxide o - 3
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4+n the mxture.. The height of the intensity peak suggests rather a
. participation of approximately 2 % by weight for the tin-oxide phase, and-
T he powder is accordingly essentially single-phase. Exanples Three sanple
tonponents were hot-isostatically pressed froma powder consisting of 90
wei ght % i ndi um oxi de and 10 weight %tin oxide, but with only one m xed
oxi de phase. The powders were for thi s'p%l"pose encapsul ated in a steel

j acket and sintered for three hours at 100 MPa. Each sanple was sintered at
a different tenperature,; 3nd er processing re
identical; Sanmple 1 was Is??n'gé}g?ggw[err] Sanpl'e ZPﬁMg?REI{ﬁ{ E?‘ﬁ? at [err]
and Sanple 3 was sintered at [err] Figure 4 illustrghyes the gj-ffractien
angl es obtained for thaythreegsanpl eg. The intensiti@s obtdi Bed for %npl e
1 hardly T T T T T T
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=12- differ fromthose obtained for Sanple 2. They essentially correspond .
to that of the starting powder and to that obtained for indiumoxide as ..
illustrated in Figure 1. It is only at an angle of diffraction of
approximately [err] that a | ow additional naxinmal intensity can be
observed, which can, however, be ascri bead to neither indiumoxide not tin
oxide. It is only in Sanple 3 whi ch was sintered at a tenperature of [err]
" the plot of intensity varies. There is a |ow intensity peak at
approximately [err] which identifies a $iylnaf% dRarystalline phase. This
second crystal phase should be avoided to the greatest extent possible. The

specific densities of the sanples are as f@llo Sanmpl e Densities in
g/lerr] 1 7.03 5 %ﬁ
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2. ' 7. 06 3 ~ 7.08 The theoretical density is '
apprOX|nater 7.14 .g/[err]. The enpirical densities accordingly are.all .in
tthe vicinity of 99 % of theoretical. Since Sanple 3 is not substantially
denser than Sanples 1 and 2 and since the tin oxide has already
precipitated out in the formof a second phase during the sintering, the
optimal sintering tenperature in this ngnl wll be below 1070[err] at
normal processi ng paraneters. - 13 - The sintering tenperature, however
coul d al so be higher without the tin-oxide crystal phase precipitating out

1 the sintering time is abbeeulaled T8 S | SRS BFALTE, Yulf®
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© nore rapid sintering that occurs at higher tenperatures with no sacrifice
- of density. In a nost preferred enbodinent, a reducing atnosphere is
established during sintering. The resulting sanple has a high density and
shows a netallic phase finely dispersed between the crystalline oxide
‘matrix. Various changes and nodifications my be nmade, and features
described in connection with any of the enbodi nents nay be used with any of
the others, within the scope of the inventive concept. Substitution
sheet (5 Septenber 1996) CLAI M5:

ASSTRACT OF THE DISCLOSURE

COMPONENT MADE OF SINTERED OXIDES OF INDIUM AND TIN
AND METHOD OF MANUFACTURE

A component made of sintered cxides of indium and tin and a
method of manufacturing such a component. The mean size of the
oxide particles is largef than 2 pm. The empirical density of
the component is more than $5 % of théoretical. The component is
characterized in that at least 97 weight % of the bxide partigles'
are solid solutidn crysztals with a2 crystalline matrix of indium
oxide. The method comprises molding a green body of a powder of
indium-oxide and tin-oxide solid solution and sintering the green
body at a temperature less than 1100°'C and preferably between 800

and 1050°C.



1. Aico@ponent conprising particles of sintered oxides of indiumand tin,
the partiel es having-a nean size larger-than 2 [err]m the conponent having
an enpi-ri cal density nmore than-95-% of theoretical, wherein at |east 97 %

by wel ght of ‘the particles are solid-solution crystals¢gﬂ4{ft&gﬁr Eﬁdéé@
matri x of indium oxide. 2. The conponent -as 4 n clai m 1, sy, jﬁa

size of the sintered oxide partlcles Is |l ess than 20 [err]n1 3 The
conponent as in claiml1, wherein the indiumoxide is in an anount of 60 to
90 wei ght % and the tin oxide is in-an ampunt of 5.to 40 weight % 4. The
conmponent as in_claim wher.ei,n i ndiumoxide is in an anount of 90 wei ght
%and tin oxi d&* }C’s Hh-%i‘n SHAGIHEC ensy- tie RGAt 2 ROMBgenegusEaTYSEadl ine

nanufacturlng ts from oxides of indiumand tin conprising nolding a-
‘green body fro%&ﬂgggﬁg

The afcresaid first object is attained in acc&ruance with
the present inventicn by a component wharein at least ¢7 % by
weight oI the oxide particles ars crystals with a crystallins
matrix of indium oxide. The oxide particles being in the form of

solid-solution
oo m EFS3 ensures a particularly homogeneous distribution of

tri
indium ard tin. This facilitates the pro uction of uniform and
homcgenegus coatings of oxides of indium and tin.on components in
accordance with the presant invernticn. The homogeneous and -
essentially single-phase solid solution matrix of the present
inventicn significancly Cecreasss the component's fragility. The
single-phase solid soluticn structurs allows for the production
of highly ccnductive InSnC, coatings. These beneficial effects
become even nere pronounced as the percentage of the salid
sclution phase in the compenent increases. Such bensficial

L | effects have.nct, on the other hand, been onserveﬂ when the
‘percentage cf the solid solutien phase in the crystalline matrix

is less than 97 % by weight.

The ccmponent according te the prasent invention with
sintared owxida particles with a n=an size ¢f less than 2Q¢ pm has
been demonstratad to ke particularly keneficial. This

characteristic has a particulariy pesitive effect on the

REPLACEMENT SHEET
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wherein at | east 97% by wei ght of the particies are .indiumtin-oxi de
solid- sokuwtion crystals with a crystalline matrix of indium oxide, and
sintering the green-.body at a pressure of 50 to 150 MPa, for atime of 2to

6 hours»-at a‘tenperature less than [err] 6. The netho |.ai m
wherein the sintering occurs at a tenperatuyge-of 800 t FL%%E@% ;%ﬁﬁﬁT
SHEET Dat e: 06 SEP 1996 Substitution sheet (5 Septenbe

method as in claim5, wherein the solid solution

Pressures of 30 to 150 MPa and sintering times of 2 to 6

!J"—ﬁQIHEJQn
hours are preferred for the compression of -he.maxaé-eaweeeﬂ-

powder.

Solicé solution powders that have particle- size distributions
resulting in a Brunauer-tametit-Teller surface area of less than §
and preferahly less than 1 z/g are praferred for manufacturing
the targst. Mean particle sizes ranginq from 2 to 20 pm will
lead to the desired BET surface area. Waen the_particles are any
larger, the compohent can ke brittle, and, when fhey;;re any

smaller, the target sputtering is too low.

It is evident from Figure 1 that the major diffraction angle
20 of indium oxide is approximately 30.5°'. Subsidiary maxima are
apparent at angles 20 of approximately 21%5, 35.S, 51, and

61°.

The most intense anglss 20 of tin cxide are 26, 34, and

52°, as is evident frecm Fiqure 2.

The X-ray data shown in Figurs 3 was obtained from a solid
solution powder composed of $0 % indium cxide and 10 % tin oxide
by weight. The powder's mean parcicie size was approximatsaly 3

um and its specific BET surface arsa was 0.3 mi/g. The

- REPLACEMENT SHEET
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powdered i ndi umﬁﬁek oxi de is conpressed hot whi I e it is being

sintered. 8, in clatm5, wherein the solid solution of
povvdered |nd| um %ﬂg de crystals is conpressed hot -

i sostatically’white C| Li intered. 9. The nefBBatisution| ghees,
wherein the Brunauer-Enmmett - Te’T | er (BEF) l4urface ar 3 DEPERBPBBEWIEP6) s

|l ess than-5 [err] 10. The nethod as in claim9, wherein the BET surface
area of the powder is less than 1 [err] 11. The nethod as in claim8,
wherein the sin Fis carried out at a pressure of 50 to 150 MPa, for a
time of 2 to 6 hours an\%hat ‘a tenperature of 600 to [err] The
method as in claim 19, ErE‘Fﬁ"ﬁ"r’r'ech‘WE FHinggPRES %ﬁ%rersl 86 %’cﬁ‘-%ﬁeﬂa"ﬁi‘é%%m@

of 50 to 150 MPg, %&Eg%ﬁt% of, 2 .to 6 hours and at erature 800 to
[err] REPLACENE 18, éha particles having a mean &t larger gga
pga, the component having an empirical density more than §3 % of
theoretical, wherein at least $7 % by weight of the particles are
solid-solution crystals with a crystalline matrix of indium

oxide.

2. The component as in cla*m 1, whersain the Rean size of

the sintered oxide particlss is less than 20 um.

3. The component as in claim 1, wherein the indium oxide is
in an amcunt of 60 to $0¢ weight % and the tin oxide is in an

amount of § ta 40 weight 3.

4, The component as in claim 1, wherein indium oxide is in
an ancunt of 90 waight % and tin cxide is in an amount of 10

weight %.

. A nethod of manufacturing componsnts from oxides of

indium and tin comprising wmolding a-grzen body from a powder e

s 2 . Fagy ~
E -

é%4r4Em@@fﬁtﬁ*&%hﬁuréhtn—khm&4h wherein at least 97% by

weight of the particias#f;are indium-tin-oxide solid-

solution crystals with a crystalline matrix of indium

oxide, and sintering the green body at a pressure of 50

to 150 MPa, for a time of 2 to 6 hours, at a temperature
less than 1100°C.

6. The method as in claim 5, wherein the sintering

occurs at a temperature of 800 to 1050°C.

REPLACEMENT SHEET




06 SEP 1996 Date. : Substitution sheet - 16- (5 Sept enber
1996) 13;., The nmethod as in claim5, wherein the sintering is carried out
in a‘rgducfng atrrosphere.  REPLACEMENT SHEET Date 06 SEP 1996

SO M e e

(5 Septemher 1996)

7. The method as in claim 5, wherein the solid solutian

powdersd indium cxide and tin oxide is compressed ho

ot

while it ig

being sintered.

§. The methed as in claim 5, wharein ths solid solution of
powdered indium oxide and tin oxide crystals is compressed hot-

isestatically while it is keing sintered.

¢. The methad as in claim 5, wherein the Brunauer-Immeti-

Teller (BET) surface area of the powder is lass than 5 m¥/g.

10. The method as in claim 9, wherein the BET surfacs area

of the powder is less than 1 n?/q.

11.%3= The methcd as in ciaim 8, wherein the sintaring is

carriad out at a pressure of 50 to 150 MPa, for a time of 2 to 6

hours and at a temperature of 800 to 1050°C.

12. $4= The rmethod as in clair 10, whersin the sintering is

carried out at & prassure of 59 to 150 MFa, for a time of 2 to 6

1
o
t
]

hours an temperaturzs cf 8480 ta 1050°C.
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?- _-\ \!‘\“l\““l“‘l\ “‘\s‘ “ ‘!‘\ Substitution sheet

-16 - (5 September 1996)

13. ¥ The method as in claim 5, wherein the sintering is

- carried out in a reducing atmosphere.
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