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COMPONENT MADE OF S!NTE..~D OXIDES Of I.MDIUM AMO TIN 
A+~D M~THOD OF MANUFACTURE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention concerns a component made of sintered 

oxide particles of indiu.~ and tin. The mean size of the oxide 

particles is larqer than 2 µm. The empirical density of the 

component is more than 95 % of theoretical. The present 

invention also conce~ns a method of manufacturing such a 

component from such oxides by moldinq a qreen body out of a 

mixture of powdered indium-oxide and tin-oxide crystals and 

sinterinq the green body. 

·Background Information 

Components of sintered oxides of indium and tin are 

employed, for example, as 11 IT0 11 (Insnox) targets, to sputter thin 

coatinqs of indium oxide and tin oxide onto various substrates. 

such coatings are distinguished for transparency to visible light 

and for electric conduc~ivity. These characteristics make them 

useful for manufacturing, for example, liquid crystal displays. 

The best starting ma~arial ha~ heretofore been demonstratad to 

comprise 90 % indium oxide to lO % tin oxide by weight. 
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Significant factors reqardin9 the quality of the tarqet, in 

addition to its hc~ogeneity, purity, and degree of oxidation, are 

its density and ~icrostructure. It has been de..~onstrated that a 

dense tarqet results in a more uniform coating. European Patent 

Application Al c 584 6i2 discloses indium-and-tin oxide 

sputtering targets with densities up to.99 % of theoretical. The 

sintered oxide par~icles range in size from l to 20 µm. It has 

been demonstrated that the target becomes brittle when the 

particles are coarser than described hereinabove and that 

sputtering takes too long when they are too fine. 

The tarqet in EP-Al o SS4 672 is produced by mixing indium 

oxide and tin oxide, moldinq a qreen body therefrom, compactinq 

it, optionally by cold-isostatic pressure, and sinterinq it for S 

hours in an oxyqen-containinq at~osphere at 1280 to 16oo·c. The 

indiw::i~oxide is obtained by precipitation from an aqueous medium. 

The indium oxide is very finely divided and has a BET (Brunauer­

EA-,:iett-Teller) surface area of more than 15 m2/q." The starting 

powder is fine enough to ensure unifon:i distribution of the 

oxidic constituents. The target is distinguished for its density 

and for the transparency of the resulting coating. The tarqet, 

however, is not only complicated to manufacture, but is also 

fragile. 
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Another procedure is known from "Structure and Performance 

of ITO Sputterinq Tarqets 11 by B.E. Lewis et al, Arconium 

Specialty Alloys, Providence, RI 02909 (SVC-Procaedinqs, Boston 

(1994)). The Lewis et al article suggests increasing the density 

and, in particular, the conductivity by mixing the.oxides, 

moldiriq a qreen bocy out of the powde~ed crystals, and sinterinq 

it at ordinary pressure and at a te~parature of more than 

approximately i2oo·c. The resulting target consists o~· a solid 

solution of an extensively single-phase structure. The 

scientific basis for this procedure is ~vident from a phase 

diagram for indium oxide and tin oxide like that published by 

Enoki et al in Journal of Materials Sciences, .2.§. (1991}, 4110-

4115. This diagram demonstrates that the tin oxide in a mixtura 

of 90 % indium oxide to 10 % tin oxide by weight will completely 

dissolve in the tin oxide at approxi~ately isoo•K, producinq a 

total crystal mixture. 

The aforesaid Lewis et al ar~icle also describes procedures 

whereby mixtures of powders of the ~wo oxides containing a s~all 

percentaqe of metallic indium are compacted in a mold and heated 

under pressure. It has been demonstrated that targets 

manufactured by this procedure include individual particles of 

tin oxide that decrease the electric conductivity of the target 

and hence the sputtering rate. 
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The known procedures allow for tha manufacture of high­

dens i ty components f~om oxides cf indium and tin. Howaver, the 

preparation of a homogeneous mixture of oxides has baen 

problematic, necessitating very pure materials and complicated 

blendinq. The slow and high-te~perature sintering required by 

the known procedures also demands a lot of energy. 

A procedure for producing sputtering targets is described in 

the abstract for 3apanese Patent Applica~ion 2-115326 A published 

in P~tent Abstracts of 3anan, Sect. c, Vol. 14 (1990), No. 322 

(C-739). 3P 2-ll5326A describes mixing powdered metallic tin 

with powdered indium oxide and then calcining the mixture in a 

reducinq or non-oxidizing a~mosphere. The resulting solid 

solution of o~ides of indium and tin is ground up and ho~­

comprassed into a block in a non-oxidizing atmosphere. The 

tarqat is produced from the block. 

SUMf.i.ARY OF THE INYENTION 

Or.e object of the present invention is to provide a 

component made of sintared oxides of indiu.~ and tin with high 

density and low fraqility, that can be rapidly sputtered, and 

that will be appropriate for producinq highly transparent and 

electrically conductive InSnOA coatinqs. Another object of the 

present invention is a particularly economical method cf 

manufacturir.q co~ponents ou~ of sin~ered oxides of indium and tin 
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with a hiqh specific density and a homoqeneous crystalline 

structure. 

The aforesaid first object is at~ained in accordance with 

the present invention by a component wherein at least 97 % by 

weiqht of the oxide particles are crystals with a crystallina 

matrix of indium oxide. The oxide particles being in the form of 

mixed crystals ensures a particularly homogeneous distribution of 

indium and tin. This facilitates ~he production of uniform and 

homogeneous coatinqs ot oxides of indium and tin on components in 

accordance with the present invention. The homoqeneous and· 

essentially single-phase solid solution matrix of the present 

invention significan~ly decreases the component's fraqility. The 

sinqla-phase solid solution structure allows for the production 

of highly conductive I~Sno~ coatings. These beneficial effects 

become even more pronounced as the percentage of the solid 

solution phase in the component increases. such beneficial 

effects have not, on the other hand, been observed when the 

percentage of the solid solution phase in the crystallina matrix 

is less than 97 % by weight. 

The co~ponent accordinq to t..\e present invention with 

sintered oxida particles with a mean.size of less than 20 µm has 

been demonstra~ed to ce particularly beneficial. This . 

characteristic has a particularly positive effect on the 
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component's strength. An embodi:ient wherein the solid solution 

is in the indium-oxide matrix is preferred. 

The aforesaid second cbject is attained in accordance with 

the present inve~ticn by a method wherein the sinterinq occurs at 

less than llOO'C and preferably at betveen aoo and ioso·c. 

BRIE: OESCRIP'f!ON OF THE DRAWINGS 

Various e?U>odiments of the present invention will now be 

specified with reference to the drawings. 

Figure 1 is a chart showinq an X-ray analysis of the angle 

of diffraction of powdered indi~m oxide alonq vith the associated 

literature values. 

Figure 2 is a chart showin~ an X-ray analysis of the angle 

of diffraction of_ powdered tin oxide along with the associated 

literature values. 

Fiqure 3 is a chart showing an X-ray analysis of tha angle 

of diffraction of the powdered mixed crystals employed to 

manufacture a component in accordance with the present invention. 

Fig-~re 4 is a chart shoving an X-ray analysis of the angle 

cf diffraction of componants manufactured in accordance with the 

present invention s~tsequent to sinterinq at different 

temperatures. 
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DEl'AIL;:D D~SCR!PTION OF Tf{E IN)!gNTION 

~~ appropriate solid solution phase exhibits a diffraction 

anqle of 2a at approximately 30.s• in a X-ray powder 

diffractometer. The material can be.in an indium-oxide crystal 

phase with tin oxide incorporated into the crystalline structure. 

It is considered that the indium ions at the lattice sites are 

replaced wit..~ tin ions. A solid solution powder essentially in 

the solid solution phase is preferred. 

Tha preferred composition of the solid solution powder 

corresponds to 90 weight % indium oxide and 10 weiqht % tin . 

oxide. The amount of indi~m oxide can vary in the ranqe between 

60 weiqht % and 95 weiqht %. The a~ount of tin oxide can va~y in 

the ranqe between 5 weiqht % and 40 weiqht %. 

In the publication of Sa-ces et al (ce·ramic Bulletin, Vol.. 

65, No. 4 (1986), pages 673-67S) values of the electrical 

conductivity for compositions in the above ranges are qiven. It 

is shown the~ein that the electrical conductivity reaches a 

maximum near 80 weight % indium oxide. 

since the method in accordance wi~h the present invention 

proceeds not from a mi~ture of powdered crystals, but mainly or 

entirely from a IP.!il!e:i tcrys-cal pow-de1: with a single solid solution 

phase, it is unnecessary to carry out the sintering at a 
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temperature of more than l200'C to obtain a solid solution phase. 

A substantially lower sinte=inq te~perature can be employed. The 

method in accordance with the present invention is accordingly 

considerably more economical from the aspect of energ"f than the 

k..~own methcd. Moreover, it has also been demonstrated that 

higher densities than can be obtained with known methods can 

someti~as be obtained by the method of ~he present invention. 

When sintering occurs ab.ove lloo·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 aoo·c and less ~han ioso·c in order to obtain a 

component that is as dense as possible, Yhile preventinq as much 

tin oxide as possible from pracipitatinq out 

of the mixed crystal. Such temperatures are relatively low for 

sinterin9 and thus make the method economical. 

When the sin~erinq occurs subject to conditions wherein 

chemical equilibrium becomes established relatively slowly in 

relation to sintering time, lowar te~peratures can be co~pensated 

for by longer times and vice versa. The sinterin9 temperatures 

specified herein are to be considered guidelines. only inasmuch as 

the sa~e results can be obtained with lower temperatures and 

longer times. 

· .... ;··..;. .. 
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It is particularly advantageous to compress the solid 

solution powder whila it is beinq sintered. The result is 

satisfactory component densi~y, which is economically provided 

without too much heat and without the associated precipitation of 

tin oxide out of the solid solution structure. 

It is more advantageous to compress the solid solution 

powder hot-isostatically while it is being sintered. The result 

is unifor.:i compaction of the solid solution powder in the green 

body and unifor:l density dist~ibution in the sintered component. 

Dependinq on the sin~erinq parameters, the qreen body may be 

a loose agglomeration of the powder in bulk or it may b~ a qreen 

compact. In case it is intended to comp~ess the poYder hot, 

while it is being sintered, it is sufficient to have a green body 

consisting of loose powder in bulk. In case a hot isostatic 

pressing is intended, it has been found advantageous to have a 

more compact green body, which may be realized by prepressinq the 

loose powder in a form. 

The green body may have the rough dimensions of a typical 

sputter target or it may have the dimensions of an inqot, which 

is suitable to manufaC"ture sputter targets by cutting appropriate 

pieces from it. 



THIS SHEET HAS BEEN·. 
REPLACED 

- 10 -

Pressures of 50 to l50 MPa and sinterin9 times of 2 to 6 

hours are preferred for the compression of the mixed-crystal 

powder. 

Solid solution powders that have particle-size distributions 

resultinq in a Brunauer-E~mett-Tellar surface area of less than 5 

and preferably less than l m2/g are preferred for man~facturinq 

the tarqet. Mean particle sizes ranqinq from 2 to 20 µm will 

lead to the desired BET sur!ace area. when the particles are any 

larger, the co~pon~~t can be brittle, and; when they·are any 

smaller, the tarqet sputterinq is too low. 

It is evident from Fiqure l that the major diffraction anqle 

2e of indium oxide is approximately 3o.s•. Subsidiary maxima are 

apparent at anqles 2e of approximately 21.s, 35.S, 51, and 

61°. 

The most intense ang:es 2e of tin oxide are 26, ~4, and 

s2•, as is eviden~ frcm Figure 2. 

The X-ray data shown in Figure 3 was obtained from a solid 

soluti~n powder co~posed of so % indium oxida and 10 % tin oxide 

by weight. The powder's mean parcicle size was approximately 3 

~m and its specific S~T surface araa was 0.3 m2/q. The 
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diffraction char~ eY.hibits five definite peaks of intensity. The 

maximum is at 30.5", which is the ~ajor diffraction angle of the 

powdered indium oxide. Lowe~ peaks are evident at 21.s, 35.5, 

51, and 61", as in the chart of indium oxide. 

There is a low peak at ~he diffraction angle 29 of 

approximately 26 •, which is the major diffract_ion angle of tin 

oxide. 'rhe empirical intansi~y, however, is considerably lowe_r, 

as would be expected from the percentage by weiqht of tin oxide 

in the mixture. The heiqh~ of the intensity peak suqqests rather 

a participation of approximately 2 % by weight for the tin-oxide 

phase, and the powder is accordingly essentially single-phase. 

Examples 

Three sample components were hot-isostatically pressed from 

a powder consisting of 90 weight % indium oxide and 10 wei9ht % 

tin oxide, but Yith only one mixed oxide phase. The powders were 

for this purpose encapsulated in a steel jacket and sinter.ad for 

~hree hours a: 100 MPa. Each sample was sintered at a dif!erent 

temperature, and tha other processing parameters were identical~ 

sample l was sintered at s1o•c; Sample 2 was sintered at 97o•c; 

and sa~ple 3 vas sintered at io1o·c. 

Figure 4 illustrates the diffraction angles obtained for the 

three samples. The intensities obtained for Sample 1 hardly 
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differ fro~ those ob~ained for Sample 2. They essantially 

correspond ~o that of the starting powder and to that obtained 

fer indium oxide as illust~ated in Figure l. It is only at an 

angle of diffraction of approximately 32.1• that a low additional 

maximal intensity can be observed, which can, however, be 

ascribed to neither i~diu.~ oxide nor tin oxide. 

!t is only in Sa~ple 3, which was sintered at a temperature 

of l070°C, that. the plot o! intensity varies. There is a low 

intensity peak at approxima~ely 26·c, vhich identifies a tin­

oxide crystalline phase.· This second crystal phase should be 

avoided to the qreatest ex~ent possibla. The specific densities 

of the samples are as follows: 

Sample 

l 

2 

J 

Oensities in gjm.3 

7.03 

7.06 

7 .OS· 

The theoretical density is approximately 7.14 g/m3 • The 

empirical densities accordingly are all in the vicinity of 99 % 

cf theoretical. Since Sample 3 is not substantially denser than 

samples l and 2 and since the tin oxide has already precipitated 

out in the form of a second phase during the sinterinq, the 

optimal sinterinq tamp:?:ature in this event will be balow l070"C 

at no:::Tot~d processing pa?:amete:rs. 
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The sinterinq temperature1 however, could also be higher 

without the tin-oxide crystal phase precipitating out if the 

sintsrinq time is abbreviated. This is possible because of the 

more rapid sinterir.q that occurs at higher temperatures with no 

sacrifice of density. 

In a most preferred e~.bodiment, a reducing atmosphere is 

established durinq sintering. The resulting sample has a high 

density and shows a ~etallie phase finely dispersed bet~een the 

crystalline oxide matrix. 

Various chanqes and modif icat!ons may be made, and features 

described in connec~ion with any of the embodiments ~ay be used 

with any of the ot.~ers, within the scope of the inventive 

concept. 
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l. A component comprisinq par~icles of sintered oxiees of 

indium and ~in, the particles having a mean size larger tban 2 

~m, the camponent havinq an empirical density more than 95 % of 

theoretical, wherein at least 9i % by weight of the particles are 

solid-solution crystals with a crystalline matrix of indium 

oxide. 

2. The co~ponent as in claim l, wherein the ~ean size of 

the sintered oxide pareicles is less than 20 ~m. 

3. The component as in clai~ 1, wherein the indium oxide is 

in an amoun~ of 60 to 90 weiqht % and the tin oxide is in an 

amount of s to 40 weight %. 

4. The co~ponent as in clai~ l, wherein indium oxide is in 

an a~ount of 90 weight % and tin oxide is in an amount of lO 

weight %. 

s. A ~ethod of canufacturinq components from oxides of 

indium and tin comprising molding a·gre~n body from a powder of 

indium oxide and tin oxide crystals and sintering the green body 

at a temperature less than i1oo•c. 

6. The method as in claim 5, where:n the sinterinq occurs 

at a temperature of soa to 1osa·c. 
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7. The method as in claim 5, wherein the solid solution 

powdered indiu~ oxide and ti~ oxide is compressed hot while it is 

being sintered. 

s. The cethod as in claim S, wherein the solid solution of 

powdered indium oxide and tin oxide crystals is compressed hot-

isostatically while it is beinq sintered. 

9. The method as in claim 5, wherein the Srunauer-E?:lmett-

·Teller (BET) surface area of the po~der is less than 5 ~2/q. 

10. The ~ethod as in claim 9, wherein the BET surface area 

of the powder is less than l m2/q. 

ll. The methc¢ as in claim 5, wherein the sintering is 

carried out at a pressure of 50 to 150 E-IPa. 

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

carried out for 2 to o hours. 

13. The :nethcd as in claim a, wherein the sintaring is 

carried out at a pressura of 50 to lSO MPa, for a time of 2 to 6 

hours and at a temperatu~e of soo to iasa·c. 

14. The ~ethod as in claim lO, wherein the sinterinq is 

carried out: at a pressure of 50 to 150 M?a, for a time cf 2 to 6 

~ours and at a te~perature of 800 to 1oso·c. 

\ \11\11\ \\ll\\ Ill\\ \\Ill " \Ill 
* C L M S * 
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15. The method as in claim 13, wherein the solid solu~ion 

of powdered indiwn cxide and tin oxide is compressed hot durinq 

·sintering. 

16. The method as in claim ,~ _ ... ' wherein the solid solution 

of powdered indium oxide and tin oxide crystals is compressed 

hot-isostatically during sin~erinq. 

l7. The method as in claim 5, wherein the sintering is 

carried out in a reducing atmosphere. 


