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.



Significant factors regarding the quality of the target, in
addition to its hcmogeneity, purity, 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 indium
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,



Another procedurs is kncwn from "Structurs and Performance
of ITO Sputtering Targets' by B.E. Lewis et al, Arccnium .
Specialty Alloys, Providence, RI 02909 (SVC-Praoceedings, Boston
(1994)). The Lewis et al article suggests increasing the density
and, in particular, the conductivity by mixing the oxides,
melding a green body out of the powdered crysials, and sintering
it at ordinary pressure and at a temperaturé of more than
approximately 1200°C. The resulting target consists of a sclid
salution of an extensively single-phase strﬁctﬁré.. 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.



The Known prc;edures allow for the manufacture of high-
density components from oxides cf indium and tin. However, the
preparation of a homogeneous nixture of oxides has been
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
in Patent Abstracts of Japvan, Sect. C, Vol. 14 (1990), No. 322
(c-739). JP 2-115326A describes mixing powdered metallic tin
with powderad indium oxiée 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
£arget 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
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with a high specific density and a2 homogenecus 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
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component'’s strength. An embodiment wherein the solid solutien

is in the indium-oxide matrix is preferred.

The aforesaid second chject is attained in accordance with
the present inventicn by a method wherein 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 is 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.



np

- DETATILED DFESCRIPTION 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
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tamperature of mere than 1200°'C to obtain a solid solution phase.
A substantially lower sintering temperatufe can be employed. The
method in accerdance with the present inventicn is accordingly
considerably more aconomical from the aspect ¢f energy than the
known methcd. Morsover, 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. The sintering temperatures
specified herein are to be considered guidelines only inasmuch as

the same results can be obtained with lower temperatures and

longer times.



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.



THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Replaced - 10 ~

i I

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

hours are preferred 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
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diffraction chart exhibits five definite peaks of intensity. The
maximum is at 30.5°, which is the major diffraction angle of the
.'powdered indium oxide. Lower 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 single-phase.

Exanples

Three sample components were hot-isostatically pressed from
a powder consisting of 20 weight % indium oxide and 10 weight %
tin 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
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differ frem those oktained for Sample 2. They essantially
correspond to that of the starting powde; and 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.
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The sintering temperature, however, could alsc be higher
without the tin-oxide crystal phase precipitating out if the
sintering time is abbreviated. This is possible because of the
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.
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CIATMS:

1. A conmponent 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

i

at a temperature of 800 to 1030°C.
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7. The method as in claim 5, wherein the solid solution
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?/g.

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 lMFa

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, whersin 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
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15. The method as in claim 13, wherein the solid solution
Po} 1 3 i

f powderad indium cxide and tin oxide is compressed hot during

'sintering.

16. The i i i 3
methed as in claim 13, wherein the solid solution
0 red indi i i i
f powdersd indium oxide and tin oxide crystals is compressed

hot-isostatically during sintering.

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

carried out in a reducing atmosphere
. R —
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