| DESCRI PTI ON LANTHANUM OXI DE- BASED SI NTERED COVPACT, SPUTTERI NG TARGET
COVPCSED OF SAI D SI NTERED COVPACT, METHOD OF PRODUCI NG 5LANTHANUM

OXI DE- BASED SI NTERED COVPACT, AND METHOD OF PRODUCI NG SPUTTERI NG TARGET
BASED ON SAI D PRODUCTI ON METHOD TECHNI CAL FI ELD 10[ 0001] The present
invention relates to a | ant hanum oxi tle- based si ntered conpact having

| ant hanum (La) oxi de as a basic conponent and contai ning an additive oxide
of one or nore of titanium(Ti) ir jum (Zr), and hafnium (Hf); a
sputtering target conposed of tﬁég%c'@g@w‘.g sintered conpact; a method of
produci ng the | ant hanum oxi de-based sintered conpact; and a net hod of

15producing _the sputterin [ i i on net hod.
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so-cal led high-k materials such as H 02, Zr02, Al 203 and La203 with high

di el ectric constant, high 25thermal stability, and high energy barrier

agai nst the holes and el ect r oqfEGHNIGAL BIELOcon have been proposed.

[ 0003] Anbng the foregoing materials, H 02-based nmaterials are considered to
be highly prom sing, and there have been research papers regarding their
use agocdipate i MmHe prddent i ihventiont Relateexto gemetadnum oAX-based rsintereent

years, 1 h(_:‘rc%mpact having lanthanum (La) oxide as a basic component and containing an
additive oxide of one or more of titanium (Ti), zirconium (Zr), and hafnium (Hf); a
sputtering target composed of the foregoing sintered compact; a method of

producing the lanthanum oxide-based sintered compact; and a method of

15 producing the sputtering target based on the foregoing production method.
BACKGROUND ART
[0002] In recent years, thinning of a gate insulator film in the next-generation
20 MOSFET is being demanded, but with the SiO; that has been conventionally

used as the gate insulator film, the leak current will increase due to the tunnel
effect, and normal operation is becoming difficult.
Thus, as a substitute for the SiO, described above, so-called high-k
materials such as HfQ,, ZrO,, Al,Os and La,O3 with high dielectric constant, high
25 thermal stability, and high energy barrier against the holes and electrons in the
silicon have been proposed.

[0003] Among the foregoing materials, HfO-based materials are considered to
be highly promising, and there have been research papers regarding their use
as a gate insulator film in the next-generation MOSFET. In recent years, there

30 have been reports that improvement in properties such as lowering the threshold
voltage can be achieved by using a combination of a HfO-based or HfON-based
high-k material and lanthanum oxide (La203) (refer to Non Patent Document 1).
Moreover, as the LaHfO-based material, there is disclosure on controlling the
effective work function of the metal gate electrode with LazHf,O7 (refer to Patent
35 Document 1).



30 have been reports that inprovenent in properties such as |owering the
threshol d vol tage can be achieved by using a conbination of a Hf 0-based or
WON- based hi gh-k material and | anthanum oxide (La203) (refer to Non Patent
Docunent 1). Moreover, as the LaHf 0-based material, there is disclosure on
controlling the effective work funct?on of the netal gate electrode with
La2Hf 207 (refer to Patent 35Docunent 1). 2 Accordingly, lanthanumis a
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covered wi tte form a lanthanum thin film on a substrate. It wnII also be easy to study the
25 behavior at the interface with the silicon substrate, and additionally study the
properties of a high-dielectric gate insulator film or the like by forming a
lanthanum compound, and there is also a significant advantage in that the
freedom of the target as a product will increase.
[0006] Nevertheless, even if a lanthanum sputtering target is prepared, as
30 described above, it becomes oxidized in a short period of time (approximately 10
minutes) in the atmosphere. When an oxide film is formed on the target, the
electrical conductivity will deteriorate and thereby cause defective sputtering.
In addition, if the lanthanum sputtering target is left in the atmosphere for a long
period of time, it reacts with the moisture in the air and becomes covered with
35 white hydroxide powder, and it may even cause a problem of not allowing



35whi t e hydroxi de powder, and it nmay even cause a problem of not allow ng

3 normal sputtering to be perforned. Thus, after the target is
prepared, it is necessary to imediately take oxidation prevention nmeasures
such as vacuum packing or covering the target with fats and oils, but to
perform vacuum pack as needed entail8 considerably 5 troublesone wor k.
Simlarly, if the sputtering target is covered with fats and oils, this

will entail the work of ehi Hatlnog such fats and oils since a sputtering
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oxidization after the deposition of metal lanthanum. Nevertheless, lanthanum

oxide reacts with moisture in the air faster than metal lanthanum, becomes

pulverized in an extremely short period of time, and will eventually become

20 completely decayed. Accordingly, if the La;Os film is to be prepared with the

PVD method, in particular the sputtering method, which is an industrially

standard method, it is extremely difficult to supply a sputtering target capable of

withstanding practical application.

25 [Non Patent Document 1] Written by ALSHAREEF H.N., QUEVEDO-LOPEZ M.,
WEN H.C., HARRIS R., KIRSCH P., MAJHI P., LEE B.H., JAMMY R., “Work
function engineering using lanthanum oxide interfacial layers” Appl. Phys. Lett.,
Vol. 89 No. 23 Pages 232103-232103-3, (2006)

[Patent Document 1] Japanese Laid-Open Patent Publication No. 2007-324593
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DISCLOSURE OF THE INVENTION

[0008] As described in the foregoing conventional technology, since metal
lanthanum easily combines with oxygen, and lanthanum oxide combines with
35 moisture and carbon dioxide gas, to form a hydroxide or the like and change into



| ant hanum easi |y conbi nes with oxygen, and | ant hanum oxi de conbi nes with
35noi sture and carbon di oxide gas, to forma hydroxide or the |ike and
change into 4 powder form these are difficult to store for a | ong period
of time and difficult to conmercialize as a sputtering target. The
present invention provides a |anthanfim oxi de- based sintered conpact having
| ant hanum (La) oxi de as a basic conponent and containing an 5 additive
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1) A lanthanum oxide-based sintered compact having lanthanum oxide as a

basic component, wherein the sintered compact contains one or more of

titanium oxide, zirconium oxide and hafnium oxide, and remainder is lanthanum

25 oxide and unavoidable impurities,

2) The lanthanum oxide-based sintered compact according to 1) above,
wherein the amount of metal elements of titanium, zirconium and hafnium
relative to the total component amount of metal elements in the sintered
compact is 1 mol% or more and less than 50 mol%;

30 3) The lanthanum oxide-based sintered compact according to 1) above,
wherein the amount of metal elements of titanium, zirconium and hafnium
relative to the total component amount of metal elements in the sintered
compact is 10 mol% or more and less than 50 mol%;

4) The lanthanum oxide-based sintered compact according to any one of 1)

35 to 3) above, wherein hydrogen and carbon contents are respectively 25 wippm



5 or less, relative density is 96% or higher, maxinumgrain size is 50 pm
or less, and average grain size is 5 pmor nore; and 5) A sputtering
target conposed of the sintered conpact according to any one of 1) to 4)
above. 5[ 0011] The present invention additionally provides: 6) A nmethod of
produci ng a | ant hanum oxi de- based si®tered conpact, wherein La2(Cd3)3
powder or La203 powder as | anthanum oxi de raw material powder, and one or

nore of Ti 02, Zr02 and Hf Q2. ers,as an additive oxide e u bl endi ng
and ni xi ng %Aressp&lathengensdy '$ ﬁgﬁ 9%@95@@@@%&9@'&%@ t§f§‘flﬁmrérﬁ§?s'
conmponent s Hpfd dvefagidstain sife G (@ drehére| aed to La becomes a predet erm ned

val ue, the m xed powder is thereafter Og?at ed ang synt hﬁsi ze& égotagg;
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powder, angyt 15 Y4 s5dveed powder is thereafter hot pressed into a

sintered conpact A et hod of ﬁir o%ﬂci n%dt he | ant hanum oxi de- based
si At ef®@ 1L onpactThePrasedrionasgon AdHonANLPraYIdes: o 5) above, wherein
La2(COB) 3 mywdera Ghethad Osf B%’di@:l’n(i: |lanErdnant oxieHssetiagintaéd réompashwder
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pybveri zed hetaPbirapondisBithe dititivehsxidey rildtiveits ¢d ipvotes d predhtermireder hot
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20 thereafter heated and synthesized in the atmosphere, the synthesized material
is subsequently pulverized to obtain powder, and the synthesized powder is
thereafter hot pressed into a sintered compact;
8) The method of producing the lanthanum oxide-based sintered compact
according to 6) or 7) above, wherein the mixing is performed with a wet ball mill,
25 and synthesys is performed by heating the mixed powder at 1350 to 1550°C for
5 to 25 hours in the atmosphere to produce the sintered compact;
9) The method of producing the lanthanum oxide-based sintered compact
according to any one of 6) to 8) above, when the hot press is performed at 1200
to 1500°C in vacuum for 1 to 5 hours; and
30 10) A method of producing a spuftering target based on the method of
producing the lanthanum oxide-based sintered compact according to any one of
6) to 8) above.
[0012] If a sputtering target of lanthanum oxide sintered compact is left out in
the air for a long period of time, it reacts with moistures due to deliquescency
35 and becomes covered with white hydroxide powder, and there is a problem in



6 that normal sputtering cannot be perfornmed. Moreover, it absorbs the
carbon dioxide gas in the air and decays into the formof |anthanum
carbonat e powder. The target of the present invention enables to delay the
occurrence of the foregoing problens, and can be stored for a period that
wi Il not cause problens 5in terns offpractical use. As the additive
oxi de, titanium oxide, zirconium oxide and hafnium oxide are all effective

as a high-k material, but in particular the terial it oxi de,
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i nvention. R endtévgal efey @bwonal technol ogi es searched by the present
applicant, there is no sintered conpact or target with the foregoing
conposition. [0014] Al though the logic of inhibiting the decay of | anthanum
or | anthanum 30 BESITMOPDEWOR GARRYINGIQUT Meikr INVENTIONevi dent from t he
nuperous experinments that the addition of titanium oxide, zirconium oxide
ad haf ni um oxi de as additive conponents is a significant contribution of
such igmpi t i on. ThEN$putiesing targat ofoxide sihédrad comipant aesfosding ¢e theopreRentExanpl es

o e o ol Rb e 4 ST  ERrBE BohBSceildg Bftrhut tant um
oxide as a basic component, and containing one or more of titanium oxide,
zirconium oxide and hafnium oxide with the remainder being lanthanum oxide

20 and unavoidable impurities.

The foregoing sintered compact and target yield significant effects of
being able to considerably inhibit, in comparison to lanthanum or lanthanum
oxide, the phenomenon of reacting with moisture due to deliquescency to be
covered with white hydroxide powder and decay, or the phenomenon of

25 absorbing the carbon dioxide gas in the air and decaying into lanthanum
carbonate powder. This is the main technical concept of the present invention.
Among the conventional technologies searched by the present applicant, there
is no sintered compact or target with the foregoing composition.
[0014] Although the logic of inhibiting the decay of lanthanum or lanthanum
30 oxide is not necessarily clear, it is evident from the numerous experiments that
the addition of titanium oxide, zirconium oxide and hafnium oxide as additive
components is a significant contribution of such inhibition. This is explained in
detail with reference to the Examples and Comparative Examples described
later.
35 Since the addition of titanium oxide, zirconium oxide and hafnium oxide is



7 not the independent use of |anthanum or | anthanum oxide, there are
restrictions in the use of the material. Nevertheless, since all of these
materials can be effectively used as an oxide for a high-k gate insul ator
film the addition itself will not generate any negative effect. The
addi tive anount thereof may be sel ecfed based on the purpose of use and

i ntended usage. Anong the above, the addition of hafniumoxide is

particularly effective as the_oxide for use in a high- J t or
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Haf ni um oxi%@cﬁ"ée? H‘%eéJ 7% Bhoriedona glﬂhéﬁrgéﬂfdﬁﬁet%glﬂﬂ g@%éﬁ@@?f%&%ht hanum
(La), and trdegeskstatd &y wdgdtibe etsetdes of titanium (Ti), zirconium (Zr) and
hatnium (Hf ), "it_is preferable that .the amount. o e nts of
thé additive oxiTJ\?sa‘E)‘{'%‘feaPmemE frleé‘?‘ﬂfdﬂ?y gFrsggerﬁt?f{rpégedj %Hﬁégﬁ %%’b‘?r el ative
to the tot alseadAlinterfedLisaged Pasngethal aboeeptireadditiat of hefnidlioxideds oxi des
(total of titaniu i r.coni ym an afnium in th i I TL., Zr,
Nene + Ti, PAfticu ’I)\T/],e egtive ﬁﬁ:ﬁa/% BF'QﬁE?reusfn'B q %'gg%ia&%%%%%mﬁ 1g—h{r?a'|5% or
nore i s evajecERse whedf Badliny dxiepbewirodnitiineoxiee dy usede treceeamoundsyof | f it
is less than 1 nol %. there is Little effect in i | h C of 20

| ant hanum J%GTHEM cYLEEPNIM c?é?i({jﬁ‘ésfgepc{;‘.e ﬁlph‘lkt nﬁi&g@%ﬁ%, %)ntt)jr fﬁrernperegs%aI t hough
i tpi s ef f eqirbiviemi A tRaERerbhkuirbet ideeayes thyhtlg. i Bafriurloxidef isdtge fomai ned by
using the cg_ar acteristics as the | anthanum oxi de. For exanple, if nore Hf

i s contai nddiS PEPRIPEct eri stics of high-dielectric oxides (for exanpl e,
La2Hf 28045 La2Zr 20Ren donkideriry dahthanmd (Liay ahdrthe taslditioni of the loxidee cafre

hi gh ket diganm ChGEERT (2Gand hrdHar el & REFsRbI e B fmbliitecs, B
threshol d waé tragtal bympondntsiofghé anlditars wwidesi (teta( b 2@ umnZzireasiung @nd
g oSt 0B b REoBEMEEATEILY i e O bt ooer
density, 3Gadditive cxifeisgtotaiettitarfiuranzimohiume bnd hgfium) igrtae exidezearaele (Bl so
andt ar ot B MOHLAS DRt o dbp e S RRRERALIES i B ol PDieiitort oTpRct
present i nuaord iseven mare psefarabiyntotmenent the desayasere effestieslvd conpact and
| esa. relative dbiorigs CalohdalAadigTa e Aere it 1 BRRERKY fid sécayitPlT O
| @9s, and assthagem@xidecaised ysddiiqpesaency. If it is 50 mol% or more, although it
is effective in preventing the decay, there is little effect obtained by using the
characteristics as the lanthanum oxide. For example, if more Hf is contained,
characteristics of high-dielectric oxides (for example, La;Hf;07, La,Zr.07) will
prevail, and the characteristics will become different.

25 The present invention is on the premise of being used as a high-k
material, and aims to obtain characteristics such as lowering the threshold
voltage by combining lanthanum oxide (La203) in its use.

[0016] Moreover, as additional requirements, the reduction of the hydrogen
content and carbon content in the sintered compact, improvement of the density,

30 and achievement of an optimal crystal grain size are also effective in further
improving the characteristics of the sintered compact and target of the present
invention. In order to achieve this object, the present invention provides a
lanthanum oxide-based sintered compact and target in which hydrogen and
carbon contents are respectively 25 wtppm or less, relative density is 96% or

35 higher, maximum grain size is 50 pm or less, and average grain size is 5 uym or



8 nore and 20 pmor |ess. It is effective to reduce the existence of
hydr ogen and carbon in the sintered conpact and target since they becone

t he source of causing reaction with noisture and carbon di oxide gas in the
at nosphere. Mreover, the 5 inprovenent of density is required in order to
reduce the contact area with the atn®sphere. The density is nore preferably
98% Consequently, through-pores in the sintered conpact can be reduced and
decaying fromthe inside can be prevented. It is also possible to

rel ativel y eoleA g% B ¥ 185t al grain size of the 10 sintered conpact in

order to reduce | heefiegtive %Okédﬂ@éytheaé)abtéﬂiw ebhydlegeneanmearﬂenay theom t he
grain boundary Si nce the ral n bou decrease | f éqlfgacr yst al

grain si ze Si{eEd QpRast #d @vg@,t isl5‘§8 gcorge“tlge F%“'&?Pé&?}‘?}ag i uci ng
the decay fvhﬂ’f”rﬁdi@tuﬂi fdn'ﬂ B%Bﬁadnbmdébg@slem thef atfusphenst dllogoaen theze is

enl arged excessive e | nprovenent of densit ec s difficul and it
codl d 15be '@QFQYWE(OFHS"WX'FWEW' inPrdey o @pug%“ben{:glﬁa?te%rga |“§M tbe erably
in order tQngBpKRRLE. “Fﬁeddﬁh%it¥>‘is more prefé\leblvr 9$I%l emnseQU@m?,sthmmg‘mut
saying that these are all pre

er abI | ti.on w rerre he
present i n\WRORES Brthe Sinigfed cﬁﬁa‘ﬂ L&?Hcﬁ @Lﬁ‘f‘ﬂ%%abr oduci ng

this targetpedbre@iteg. si ntered corrpact La2(CCB)3 powder or La203 powder as
raw mat eri al powder, and on

addi tive oxide dfds s Pop Wdt%deliagv‘%)érérr{#ﬁ@ rggczzrty%tgf 4;%82% g‘?\gﬁe%ramﬁﬁt a(r;f
tigpani um Zjigtersal sompat nhafdélrW@ﬁjceﬁh@braimb’pmmysandﬁhembyaddmethe oxi de
21t cont um dIREN A0 Hin S8 e dIoa0msIRe e SR srrlaal o R e ores 1
nol ;%) or nDrtRe %Fy%tdlgiién fsirRris 5ﬂlam@éd’/as E[éscnbbu ebdve dhisds eﬁeatmem mdubmgabl y 10
gglh'@e\%dngégeggwymam M&?‘%ﬁn?o‘g‘r"a%e Iﬁ?‘ﬂ%vert erhl?r (r@ &%\ﬁ/‘e% | on is not
limted to drim é@reaa@ssr\@mxhelaﬁproﬁameammém;ty aec@fes gmimnr and mpgnd. al's
P o b M SERRAY L5 L PRI,
possi bl e, nNRripAbve tABIdRABIKYN My al so be used [0018]Wth respect to Ti, Zr and
o onems i e MeEHRRIEEE 1 i S SR Bl frpes, e ot BRIERBNEL
m xi ng t he duitR@al nequirsbents, ahtdetheapeeseattinventind sy nohbsiuédyi these
conditions.
20 [0017] Upon producing this target of oxide sintered compact, Laz(CO3); powder
or La;,O3; powder as raw material powder, and one or more of TiOz, ZrO, and
HfO, powders as an additive oxide are used. Blending is performed so that the
total amount of titanium, zirconium and hafnium as metal components in the
additive oxide relative to the grand total amount of the metal La, and titanium,
25 zirconium and hafnium as metal components in the additive oxide becomes 1
mol% or more and less than 50 mol%. This blend ratio is more preferably 10
mol% or more and less than 50 mol%.
However, if oxides can be achieved based on heat treatment or the like,
the present invention is not limited to the foregoing oxides. For example, as
30 such raw materials with respect to La, there are lanthanum hydroxide,
lanthanum nitrate, lanthanum chloride and the like. Moreover, if sufficient
management is possible, metal lanthanum may also be used.
[0018] With respect to Ti, Zr and Hf, if sufficient management is possible, metal
powder or hydrogenated powder with favorable grindability may also be used.
35 After mixing the foregoing powders, they are heated and synthesized in an



9 oxygen atnosphere, the synthesized material is subsequently pulverized to
obtai n powder, and the synthesized powder is further hot pressed to obtain
a sintered conpact. When usi ng hydrogenated powder (titanium

hydri de, zirconium hydride, hafnium hydride) as the raw material, it is
necessary to sufficiently perform dehydrogenation treatnent in a vacuum

at nosphere or an inert gas atnosphere. The reconmended production

conditions are to performthe mxing usj . i) | erform
he. synt hosruom) BBEPS: e souher2el To48gd, & puBiueBly pupssed fabR T O]
the at nosphmtsin pbvdef0dr] M syntkesizedopedéroisriutther hett pressasistoaebtainog t o
1500C in vacyum for 1to 5 hours is also the recomended production

condi t i ons SYYEEALOMRAL i ng conditions. The foregoing conditions are for

g; f L(r:]:ngg It y pe{ Lwnen'\ rﬁgiﬁggwdgggédm?i pmﬁdek gitariiemi mylrid@czicgodiung lhydride, shoul d
od .t ha adoption q her. condit] ] (A f

ot Aer condﬁﬁ?‘?ﬂﬂ@ Eé‘i{'cﬁé Effeﬂ'feof%d“gghgl’ rlrtafst ggb%%sgﬁégg{%rggfggﬂﬂ?%rfohﬂ‘ ios

th teL eby ploiifh?dimg"eﬁal_ﬁdﬁ t@éaftnmns jpLe vaouungativeosgbereodr anxinet ges atreesietnpact

W arelative density o % or hi - | 0 higher,

nmaxi mum grain si-&lﬁ-ra @F°§\Tedmge§rp’?%%° '?Hgﬁéd'@%gbﬁ%ﬁfgﬁﬁy{%ﬁ%@gPglggggre;i na

size of 5 prwet baw il aardi R0perforor theesymitheBiseby impating thenpowderafrikid0ytoand t he

20 refine oOf, _crys rain.sj le to inhibit the generation of
nodul es andrq%ﬁbr(fifﬁrl %Zo éghagﬁs_t'hgbeeétﬁ%sﬁﬁ%%t saying that these are preferred
cr:g?gl t[wtgﬁ flor m?ﬁeowen,{ngpaﬁorﬁmthelmtdmmesiSta'ito‘h?.OO[todﬁ@P‘@eMEV%mUW 5daRi ng, the
ear enent.s cont ai n i el ; , inyd, Pm
Careccarth SUGIRRNS 880! B Rebeih A, WA elguides Xo (8, offorntt], P
?Et |th is ctgoh_ﬂ}tiauk.t Tlee &eeguing eorditibrsedrefer efficieatepefasming theaynthesisi nce
they have si ar _properties. . |k | cul i J i to La,
it is diff |361?I §|n{96|Rged88éor@§gly. t s?n%ﬁ}c#\é%g?@ ﬁrgfdedégﬁagﬁr?céd@ﬁggcemrdgﬁéeﬁeart h
el ement s hasonditions antbrthe additioper othes condition® aar bederinieed es Gumeler @ i s no
pairtlcul ar (probl emso as long as 30 the total anobunt of rare earth

el'énents | “A¥s than 1000 wtppm Accordingly, the use of lanthanumin the
present inventi db i therehyegogsitée itncobtsinoa sputienag figraayRfnexideinted rar e

earth elenents a i | & L i Ao} : {HN
there are i A Wﬁﬁa%lr%;%ﬂge@ n%"&?éé/f%ég{%ﬁ;hﬁhggﬁ rhfbré’fé?ﬂﬂl)’ ik or r'gsg\r/rgl’ e,
Ti, Zr and almdxawemsdrain size oh&fipralor fasspend ireere riafgrakly A avRARE 9AKY 35t he

ls_ﬁeF)ar igl on 9le & 530 offndr aNaf3d ! &r ledd. ACkATYBISéENt ofidelSity Bha @i | Nt O
20 refinement of crystal grain size enable to inhibit the generation of nodules and
particles, and it goes without saying that these are preferred conditions for
performing uniform deposition.
[0020] Generally speaking, the rare earth elements contained in lanthanum
include Sc, Y, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu other
25 than lanthanum (La), but it is difficult to separate and refine these elements from
La since they have similar properties. In particular, since Ce is approximate to
La, it is difficult to reduce Ce.
Nevertheless, since these rare earth elements have approximate
properties, it should be understood there is no particular problem so as long as
30 the total amount of rare earth elements is less than 1000 wtppm. Accordingly,
the use of lanthanum in the present invention tolerates the inclusion of the
foregoing level of rare earth elements as unavoidable impurities.
[0021] In addition to the above, there are impurities that get inevitably mixed in.
For example, Ti, Zr and Hf have similar chemical properties, and it is known that
35 the separation of Zr and Hf is difficult. Trace amounts of Zr get mixed into Hf.



Mor eover, trace amounts of Hf also get mxed into Zr, but both of these
situations do not cause a nmajor problem Nevertheless, in order to clearly
| everage the characteristics of the added Hf (hafniumoxide), it goes

wi t hout saying that the reduction of Zr that gets inevitably mxed inis

al so preferable. This is because, ad0described above, Zr may be diffused in
the Hf -based Hf O, HfON, Hf Si O or Hf Si ON as the high-k (high-dielectric)

materi al and change the dielectric constant. . i t he
present i nMafeovas, diaeg ?’GOBBttSaP%"g A5 A5t cmixednNe & Q?;ﬁg)?rbeq? @%@e

| nhi bi fji ng shtRMECAY ot daaBé hamuboYidbiem) tNewmaesﬁhénfcmdergtﬁ nlgatlp i
unavoi dable 1npurities. Mdireover, wth. r ect.to t ur.i t he
purity is fRverageats CQNaSter'ﬁW@?n@f t'@(@Pijﬂf%B @ﬁ@"frﬁroé(gdoes’ng i&égc‘?g@m
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speaki ng, Ny 0, an exj s S conponent s,

| aht hanum disis, beoaupe, asHABFarkRd %%8"19'2251@@3’ eaﬁ'ﬁu%d gntrq%g% é?a}%g lI—(i—]ifOIS each
promot e t hgERAGFERN oPiHFSIONLEBARe Gighxk deigigadielentdc)matstiairand changsttbeage

at nosphere, and since they also react with their own oxygen and the oxygen

in the at nsigle@riecerstadl m | ant hanum carbonate and | ant hanum hydr oxi de and
decay into powdedofievel] sifdtcthegqstesdrit iivehtion ainfs fosobitaip arpractical Spuiteringt i s

nore preferable to performsintering in vacuum. or i g -an hot
pressi ng rdeigef bynihikifing gﬂ"‘i’ rRiFGe ‘éﬁ I"d{'}ﬁ@'@ﬁ'( ’e'm:)%lg'% Srmﬂzepﬁgrr%g.gm_&
] A Mo st
, , . : andi ng

of the invehefegply 34 arrlgpgi’ﬁ%eﬁﬁ"\ég'ﬁﬂtth? ﬁ?fgﬂ?'f’gn pfﬁ,zg' ?E%%%%M@B%grelél m t ed
the{ ﬁbyi I Lh’ﬂté"{%r“m@ cc?mpd,mﬁs_,rmdihfi c?ti ons anlolI ot her errbo(cjii rrent?] based
on the technical _spir)t clained in cl ai, s, e
pr esef@2Rhvent i drengraly ﬁ%‘ﬁ%’l’gg} N @.ndﬂgt%g'sfEggafﬁgnﬁgrgﬁ%hcgy@anpl es
?ﬁscri bed ?Qs@%fqté@thbh@@e?xwéﬁcih isarr@pdrtm&% iredwnet Ci and HghSinge €randob _ect_ of

e present invention, but show.simlar 0 LoV ; : ristics
adSt he presRaeh RIRNOIR ity re HBGW'E\ F'Vbo%é%q‘ggfgia?%égﬂr é'glré?ﬂ%r ar nost
Ear2 ?gr.ogfg [&ngébherbpgadlkgkaege{) EHOQg@FW msirbwmome&mdﬁhwxlgfﬁkg"%)

a powder , and Ti S S - r aw
mat eri al pdﬁﬂe?tgpssﬁ%@le_q g [ﬂ@?ﬂfé‘&’ §8%§?&%§é iatfFatu I—Ifr_),%_déZr Xnd Ti
35r2|9at |1\1/e delq;(?yhﬁtot pé\ﬁdti)erafmuntrll@feqmtiglh toenepb ise imoportant | u'_HN|$g itLis wmpre 3e 0.5
to mol % and subsequently m xe t e
powder was W@éﬂ%@egﬂ&%&ﬁ‘%hﬂgfeﬁ% ik rYaPH"\éW‘a n@se}éeh%arsgaéa%ed&é&et}g%sgn hour s.
Thg synt hesigged that sihiefihg Waan supjerclambientpatngospheieng in a ball mill for 16
hours to obtain powder. The synthesized powder was hot pressed in vacuum at

1400C for 2 hours to obtain a sintered conpact. The size of the sintered
conpact was|Estampfesm and the working pressure was 300 kg/cn®. Not e

G "o AT PRSI Ro B850 UpSBchoZRutilyy oc ne
Exanpl es. these Examples are merely for facilitating the understanding of the invention,
25 and the present invention shall in no way be limited thereby. In other words,
various modifications and other embodiments based on the technical spirit
claimed in the claims shall be covered by the present invention as a matter of
course. Note that the Reference Examples described below are those which
are insufficient in light of the object of the present invention, but show similar
30 improvements in characteristics as the present invention. Comparative
Example 1 is described in rearmost paragraph [0054].

[0024] (Reference Examples 1 to 3, Examples 1 to 25)
Lax(COs)s powder, and HfOz, ZrO; and TiOz powders were used as the

raw material powders, these were blended so that the amount of Hf, Zr and Ti
35 relative to the total amount of metal components including La will be 0.5 to 49



10 [0025] The sintered conpact was nmachined to obtain a sintered conpact for
eval uation. The sintered conpact was a conposite oxide of the foregoing

oxi des. The stability of the sintered conpact for evaluation was exam ned
in the atnosphere or a constant tenperature and hum dity vessel
(tenperature 40C, and humidity 90% .11Those in powder form were confirned,
based on 15XRD, to mainly be |anthanum hydroxide (La(OH)3). The

sintered co ct sho in the EX lLes can be hon j | ate as
a target, éﬁ@%@@u%‘j‘ U?@Mﬁﬁmgﬁﬁ o b@@ﬁn'ﬁhdﬁﬁe bﬁé?q Bgﬁgéggﬁgspher e)
as needed, npatkd dAndc&yntinsdizeal ih thdatmisspterenatt 1S60%e forc2hdeesor  manuf act ur e
process. 20Note that the m xing .conditions,, synthesizi. it d and hot
press condi t i'l&wssy(;\&hqsp(@df 'B?%&B FWGS F‘%{Weﬁgpe‘k//é}eﬁ rﬁ%k@dg% ggg%gllt ‘lloP 18
represent athoyfs &P8italn pdi\ﬁdl erTPQ'hérsgﬁmbsiggg qmmdlie]E was shad possseirin pacagm aph

0011] can be arbitrasi selected. [ Ref er e : e
E:oﬁrpo]si te (%?ﬂégo% rﬁ?reé é"(?}l’ﬁ%ﬁ)pﬁt&t?"b? ?@e@ﬁ'aﬁees%%qhgﬁ&?%gd 0.5
mol % of hafgaiipacbassde 80 rirearntbihel werkinggrressune abs 306 kgmgosi t e oxi de

si ntered conpact,, (| ant hanum oxi de and haf i um oxi de). th I ai ned

0. 5% of Hf ggsed\“gﬁ A %?Q’A)?'Eﬁ regyie Were &f% SaPfe! sé%%esa%”:s@% l(f:éc)?qahe ot her
Ref erence Ipoader @s tiae tla bxiiep trscades ol usigathe LbgiCO:)hedwdernaremyplained

reference, 50 | % a]chi eves the conposition of La2Hf 207, wherein it is 33.3
30nol % f or M ERR¥AMAES66. 7 nol % for  HF 02. The carbon content was 35

ppoY  podspgen CorHeesinteres cdthpagtwasehathined derbtaiy avaintey8docompaction gr ai n
the 02 afbBlNEtGEs T GIAPIRY BRBPaEHARS ReoDFERLs udd 8t i 16RBR°FRC
present i nuaiddson The hstalsitity udrthe @iritered camspatifghevajuaBmowas examinedein _
e 1o S b Seler SRS OIS, Pohermlt oS!t
powder for mea€t and brimiidity @0%)i nThose at powpeefem weres confgkeed, based on
adinow edgtkRrip e BRI HArBIS EAOMRan be said that & sintered 5
conpact of this Tmyeintéredsedipadt sloven shithat Exariples erandbealyondedeto But i s
vas " BB 5 Aal AP b BB g NOER a Hergdl vt on
si ntered coitmesphart) Ref needert dndaitptan Zctually be used in the semiconductor
manufacture process.
20 Note that the mixing conditions, synthesizing conditions and hot press
conditions of the foregoing raw material powder are all representative conditions.
The preferred conditions shown in paragraph [0011] can be arbitrarily selected.
[0026] (Reference Example 1)
The composite oxide sintered compact of Reference Example 1
25 contained 0.5 mol% of hafnium based on the metal conversion of the composite
oxide sintered compact (lanthanum oxide and hafnium oxide); that is, contained
0.5% of Hf based on the mol% of Hf/(La + Hf). The same applies to the other
Reference Examples and Examples shown below. Note that, by way of
reference, 50 mol% achieves the composition of La;Hf,O7, wherein it is 33.3
30 mol% for La;03, and 66.7 mol% for HfO,.
The carbon content was 35 ppm, hydrogen content was 29 ppm, relative
density was 95%, maximum grain size was 41 pm, and average grain size was
12 um. In the foregoing case, the HfO, amount was slightly lower than the
preferred conditions of the present invention, the carbon content was slightly
35 more than the preferred conditions of the present invention, and the relative



10 contained 0.5 nmol % of Zr02 through Zr conversion based on netal
conversion. The carbon content was 23 ppm hydrogen content was 19 ppm
relative density was 97% maxi numgrain size was 37 pm and average grain
size was 9 pm In the foregoing case, although the Zr02 anmount was slightly
| ess than the preferred conditions d2 the present invention, the relative
density was slightly 15 high at 97@6 Consequently, the sintered conpact

decayed into powder form after | ef t e a pher eks.
There was <engiy W?ﬁﬁ"%@n'@wt atl#% 8??%%?"{?36 tﬁéﬁlﬂt‘%fﬁ@ %ﬁ{)ﬁécafe&e
Never t hel esgto govder ﬁﬁm&armmg |em¢n mel atmbsmérem Divetkse surface was
acknow edged unti | the | ap

h]f ql thaltP( W tered 20
conpact of this NeupEtn e|e§ssl5bjae\‘ﬁ°”f*’8" gag g %ﬂuy’ef'ﬁg % otj Sy %‘faee ag i's

wi thin a ragRowled é@q.tritucfmhe ||f of f4 fongesurt lnanalbe Saids #tht dlsintered| uat i on
was "A aerae 28 Refere e co it.e

si At er ed(c\c/ﬁ‘\‘ff&}%‘P f'%‘!eé Subieg @ 'gggy H% J?ﬁ?éf ’6‘@0% '%"@%nl'

through Ti (gAgY &f PradticRRsRe] @na MBtalmcpavkekssised. The ealumionceat €N” was 46
ppm hydr ogen cont ent was 50 ppm relative density was 95% naximum grain

size was 533WP9%hd average grain size was 11 pm In the foregoing case,
t he Tid@R7yaRefdretdy Exarhgie)t han t he pr eferred conditions of the present

t th rb t ent t ent 3
Lhan the pref or 1 OF CORAIEN OGP SHESTSCBRPoFh A n LRI e M o2 or ai n
sijge was sldopbdined b@rmel%tof%opmroa@dzr benvezsiahibasedensnetal varsvessiomht | y | ow
at 95% Co q“ego,ég%tggﬁg;% g,;,ﬁg g%tco%{%%%%g 1'9'%%,98%9@&9&{%“”

bei ng | eft verthel ess,
in a vacuurwsagk%, axirilivegrakasizewast 37 lpm, sandf aceagegrabbaizenead 8dyed unti |

the | apse of 4 nths. It can be i d t_a tfths
| evel Ps SﬁBj thet qugog\%pp%t:}ﬂy’\op.lggal:gp %gga?mlpg'pgwa g'gpy 'T?ﬁa%a r%angeI of
practi cal |pﬂ‘é%|rredf ccmdwmewﬂ ﬂhecmesmtuaeel'ltloﬁhmeveihw demsuwawas Aﬁgr(ttyver age) .

éggtzg} ned ?‘”E%la%% Q?fﬂ" %rt'f h?h h"g?{\?gquzpt"g?r?%ggég g’?\ﬁﬂ'ﬁéé% Y%conver si on.

The carbon amnbemg wmm thé amnsspﬂiardnf@geweemt ditterevavas 30gidimpraverrent ine
density was 95% S| Ze Jas 40 pm and average grain size was

10 pm In t‘?‘?énﬂa(')"rs%é‘? Eéﬂ%gg%e E’ﬁ{g P92 anount was within the scope of the
preferred 10 condévdrthetessf in laewxrmmerpacknmermilmizafwreOtéhe)@urfagent\f@ﬁ and

or esent i mAsKOPYRSBGH JTth AR d¥et VL 4Ry BBlrbe RS W Bl 1"
Capsequent Ioom;idw ofithisdees is aupject taacslightly ifagter pesmerate,obmh isrwithie a4t h week
1 the accdPBRe Y gracisel tevab g Bl b4tk . Al IR it et 40000 0

Scttm pack, "'no pulverization of
the surfacgavweagarknow edged during a 6 nonth period. It has been confirned

et B R RRG BlalhR) o o shant [ cant effect of Tohibiting the
| evel and the evEheiatorposites oxife (sited. compact of Reference Example 3
25 contained 0.5 mol% of TiO through Ti conversion based on metal conversion.
The carbon content was 46 ppm, hydrogen content was 50 ppm, relative density
was 95%, maximum grain size was 53 um, and average grain size was 11 pm.
In the foregoing case, the TiO, was slightly less than the preferred conditions of
the present invention, the carbon content and hydrogen content were slightly
30 more than the preferred conditions of the present invention, the maximum grain
size was slightly large at 53 um, and the relative density was slightly low at 95%.
Consequently, the sintered compact decayed into powder form after being left in
the atmosphere for 3 weeks.
Nevertheless, in a vacuum pack, no pulverization of the surface was
35 acknowledged until the lapse of 4 months. It can be said that a sintered



20 [00301 (Exanple 2) The conposite oxide sintered conpact of
Exanpl e 2 contained 1 nol % of H1O02 through Hf conversion based on netal
conversion. The carbon content was 15 ppm hydrogen content was 20 ppm
relative density was 97% naxi mumgrain size was 42 pm and average grain
size was 15 pm In the 25 foregoind3case, all conditions were within the
scope of the preferred conditions of the present invention.

Consequently, the sintered. conpact dec i f L Dk
' a vessclolPERt EoHuR e (o APIRG: e Sdan s AT A Bl Behios ooy TR
t he accel erghdeddf besdticaMeneoier vatuum paaklismsedc kTheevaliation iwast o0 of the

30 surface was acknow edged during a 10 nonth period. It has been confirned
that the eXxP@@¥®)e of HF 02 and optim zation of the additional conditions

y, el iz o offect of 10 bit i the decay of the Simtered compact
(gdod). 100311 (IBEaFRINRCSHP @%dﬁgéing%lﬁ‘g%gi“tpé\é@ﬁ %é%‘f"gﬁergeé@l"@g%g@?}%s °
(I:E)(;ﬁ\r/ne)lr gi gnfdf_'llfﬁm gggﬁ%nﬂgb%?vﬂo@b:k%dgan nietaluginvetsiono nTdesadgroneenéenton net al
relative devas B RAY MArORIL; Ga ’Brﬂ?%p@ zp&)hgw;g&%{ile;?nf%%% %Zﬁg%épgpai n
3126 vas, S Blimb bl Ssouas 49 s end dveragerai sa (R Gy Sgen
preferred d‘B’ﬁQPgﬁ_gbﬁ@S%f E%ﬁ{?ﬁe@@ﬁﬁﬁﬁ W@ﬁgﬁ%ﬁﬁ%ﬁs"égﬁgﬁﬁ Irﬁ;?;3 S“fﬁ%ﬁ?ﬂt te?gd
fg%?ﬁ;t S(rag@z&ggohﬁbgéhbg%ﬂgdténﬂ;i?vintiqndt ﬁbemrtz)mve@ntem andvieysisegenigartierionst ant
Mor eover, W& s&é@&m%@ﬁnﬁ%pﬁl&r 4{;%4@8}4) oé?lﬂet %@gi@q@%@ggy.&ggbest '
acknonl edgediails togeiy vessighlyfow stASHi . has been conf i 1red that the
conpact becones °'?s§8f’8?t%‘[' gh? aﬁﬂeé?d %g%}%??f%%%y{eﬂgtégi%@r \r}ﬂgiﬂtﬁgl‘@sgt e(r)(ra]d
t PeEx\AQ?rL e, Wekinsa el witihiconstecl tamieraties (OpLsd comstantdusniAite998)c onpact
Cipact o S Mo ) Bt hEerpsorTieng ntered
(00321 ( Exasiplage Nas Boknowleniged taringadementhtperied. clbipabeencori Ithaty
contai ned 5tth elx%;)tence of HfO, yields a significant effect of inhibiting the decay of the
sintered compact. The sintered compact was of a practical level and the
evaluation was “O” (good).
20 [0030] (Example 2)
The composite oxide sintered compact of Example 2 contained 1 mol%
of HfO, through Hf conversion based on metal conversion. The carbon content
was 15 ppm, hydrogen content was 20 ppm, relative density was 97%,
maximum grain size was 42 pm, and average grain size was 15 uym. In the
25 foregoing case, all conditions were within the scope of the preferred conditions
of the present invention.
Consequently, the sintered compact decayed into powder form in the 4"
week in a vessel with constant temperature (40°C) and constant humidity (90%)
in the acceleration test. Moreover, in a vacuum pack, no pulverization of the
30 surface was acknowledged during a 10 month period. It has been confirmed
that the existence of HfO, and optimization of the additional conditions yield a
significant effect of inhibiting the decay of the sintered compact. The sintered
compact was of a practical level and the evaluation was “O" (good).
[0031] (Example 3)
35 The composite oxide sintered compact of Example 3 contained 5 mol%



of Hf 02 through Hf conversion based on netal conversion. The carbon content
was 26 ppm hydrogen content was 28 ppm relative density was 98% 20
maxi mum grain size was 36 pm and average grain size was 13 pm In the

f oregoi ng case, the carbon content and hydrogen content in the conposite
oxi de sintered conpact existed soneWwAat excessively, but the anounts
thereof were | ess than Exanple 6. Consequently, only the surface of the

sintered conpact decayed into 25powder for |n t he 4t ssel
Wit h const@gﬁf@e%@igit Uf%mt"@tﬁdﬁ" AP CORYRPEM ??%%%Bd‘%ﬁ?“?
accel erati qpgt €5t p en Ioan@nvanawrn?pqo@m rubativel densn’oyawasngi’)% the
surface was acknow?ed ed duri nth erio
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acilitate t

déca Nevert hel ess, it onf t
cohposite @f@ﬂé’%ﬂﬁ?@ E’GV%WPFB'QJFQSFOBBE@F@rﬂ%ﬁé 889‘“%%?‘2@? réée$"11ect of
i nhi bi ting;fdeadynt han Exanple 6. The sintered conpact was of a practical
| evel and the eval uation was "0"
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capbon contgRhce s AEdhedengsaL@Y a Brmbrte penoqnoslt bas baerieorsfirmed thal Corrpact
exi st ed excessively
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decay of thgnijaet Bé@éiné@@iﬁaetbr ltmtaih@:ommtaté thedecayl d Neverthelpss, mmgm edged
g\éﬁgt :azt t ES\’ﬁ%ﬂgt \gfef?agobé]e"?r?\éﬁ réneé{: tgwé??%ﬁg?sggt 8{!@%\/\3@\%{& éé‘rﬂ@ 10rreasur| ng
the har dnesscaiplé Beyléluéfaaéignlflémreﬁewsf inkibilieg decey. sﬁnﬂasmtﬂred cemaa¢ion.
I\/blrseover Iv{/]asaofvaagr%\%ﬂr%ﬁ? aRc']l Haeé\}a t?attllo%QNaosf“CS’h@ong face was finally
[0032] (Example 4)
The composite oxide sintered compact of Example 4 contained 5 mol%
of HfO, through Hf conversion based on metal conversion. The carbon content
was 26 ppm, hydrogen content was 28 ppm, relative density was 98%,
20 maximum grain size was 36 ym, and average grain size was 13 pm. In the
foregoing case, the carbon content and hydrogen content in the composite oxide
sintered compact existed somewhat excessively, but the amounts thereof were
less than Example 6.
Consequently, only the surface of the sintered compact decayed into
25 powder form in the 4™ week in a vessel with constant temperature (40°C) and
constant humidity (90%) in the acceleration test. Moreover, in a vacuum pack,
no pulverization of the surface was acknowledged during a 10 month period.
It has been confirmed that the slightly excessive existence of carbon and
hydrogen in the composite oxide sintered compact becomes a factor to rather
30 facilitate the decay. Nevertheless, it has been confirmed that the composite
oxide sintered compact of Example 4 yielded a greater effect of inhibiting decay
than Example 6. The sintered compact was of a practical level and the
evaluation was “O” (good).
[0033] (Example 5)
35 The composite oxide sintered compact of Example 5 contained 10 mol%



acknow edged after the lapse of 1 year. This conposite oxide sintered
conpact contained a |arge anobunt of Hf, and it has been confirmed that a 15
significant effect of inhibiting decay is yielded even if the other

addi tional factors are outside of the conditions of the present invention.
The eval uation was "C)" (excellent)15[0034] (Exanple 6) The conposite oxide
sintered conpact of Exanple 6 contained 10 nol % 20of Hf 02 t hrough Hf

conver si on based on netal conyv i Th b
Py a1 ogon c.ohE&a: RRUSTLT pTVErSIeh RETLOLTR onYOg00d N SabRmiog Rl i ze

vwas 23 pm yaad78VvepRdehydirdddh Toantasasl 28 1ppr, nreldtivel depgjtyi
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the scope GRaXMEMLPEITEBZEMWESHF UMpREdAVErage gfaé%eﬁlﬁe %\s/esn My In the
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deterioration.
Moreover, in a vacuum pack, pulverization of the surface was finally
acknowledged after the lapse of 1 year. This composite oxide sintered
compact contained a large amount of Hf, and it has been confirmed that a
15 significant effect of inhibiting decay is yielded even if the other additional factors
are outside of the conditions of the present invention. The evaluation was "Q@”
(excellent).
[0034] (Example 6)
The composite oxide sintered compact of Example 6 contained 10 mol%
20 of HfO, through Hf conversion based on metal conversion. The carbon content
was 18 ppm, hydrogen content was 20 ppm, relative density was 96%,
maximum grain size was 23 pm, and average grain size was 15 pm. In the
foregoing case, all conditions of the composite oxide sintered compact were
within the scope of the preferred conditions of the present invention.
25 Consequently, no decay of the sintered compact into powder form could
be acknowledged even in the 8" week in a vessel with constant temperature
(40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.
It has been confirmed that when the existence of Hf and the additional factors
30 are within the conditions of the present invention as with this composite oxide
sintered compact, a significant effect of inhibiting decay is yielded. The
evaluation was “©” (excellent).
[0035] (Example 7)
The composite oxide sintered compact of Example 7 contained 35 mol%
35 of HfO,, through Hf conversion based on metal conversion. The carbon content



was 73 ppm hydrogen content was 52 ppm relative density was 98% nmaxi mum
grain size was 37 pm and average grain size was 8 pm In the foregoing
case, the carbon content and hydrogen content were considerably high, but
the additional conditions were within the optical range. 5Consequently, no
decay of the sintered conpact into géwder form could be acknow edged even
in the 8th week in a vessel with constant tenperature (40C) and constant

hum dity (90% in the acceleration test._ However, .upon neasuring.she
har dness oWashd3sBPMackydregrsy CoRtent  Wagiettc \PPE} %?Fﬁ)oedg'feg?'ﬁ’or"ﬁsi gﬁﬁ’

10Mor eover mlyiimamV gt §zRakks FUliNe dndadicrigd rdinasizinaac pwas Ihithal |y
acknow edggjdé)g?t er~the Iapsesof LlJ RS

] year. Ho ver,mu{go measurin ttt)"e
har dness offoreaeing ¢gsge dhe caEras ﬁ%eﬂfeﬁ%ma%@lens eeteE 8?'%&%6%."
It has beerﬁi%ﬁ?&ifh@%dﬁd&%‘él YdiRitichE Sved withATBe opficatfraged t he addi ti onal

factors are In the conditions of the present inventio%ﬁs vvitt] this
cofposite 150xi deonseaventyd nesinsay of the SiNigHed FRMRACtIPIORAVAST TOTRFRYY i ng

decay is yigal d@chowliRiclVdlendin! B8 Bseeklh d exssel Watht donsidid 3ehpéfaraepl e 8)
The conposite oxide sintered conmpact of Exanple § cgnt ai E'ed 35 rlrjol % of Hf 02
t hrough Hf (4@8) &g %ﬂ%e@"ﬁ'ﬁ'%ﬁ?‘&%)@bﬁh\%?ggﬁﬂa 9 dedtar HOWEXTnUBRY 20 was

13 ppm hyGhoaeRng O MardRess2 ofPMB  diffarb] heengas yiendendy8%f samenum
grain size was  30_pm and average grain size was 13 pm In the foregoing

case, all ESHRIFaIN of the conposite oxide sintered compact were within

t g scope of thaysresler gt abGIrhi patk, Qulvefigatiyne st tiie isuxface wa@s. finally
Consequently, no decay of the sint ef ed corrpagl][o i nto powder for.g%(;ﬂgl d 25 be

acknow edg@ékaouigdged tafier eihen 1apser o nl ¥88kssHOWRVeh RIS MgsUf! \

erature
(400) and appgicastof b, (HAIvak Reridedcpof sorae atteoiordtiest . Moreover, in a

vacuum pack, no pul verizatign s acknow| edged even ter of 1
year. It has beéghé%r?le?ﬁr@ﬂg'iﬁthﬁié‘h‘eﬂ‘h ee%'g?%%gfa}aﬁf té%:%db ﬁgﬁﬁ

addiht i ﬁ,ﬂal fa@6FOa/% @itifin \Ct;hé ggﬁuiﬁm 618tlhdiﬁréﬁm identioe epvateihls bomm&itEO? as
with this composite oxide 30sintered,c C .significan egt. .0

i ABi biting Qﬂ@aﬁnt%e%emaat- &r’i"igf"@%{ltﬁ@ﬁﬂft (F\}H@"t"@) de‘("&%&f?@n‘{') .G[thF0037]
(Exanmpl e 9)evaluation was “©@” (ERéelledtyposi t e oxi de sintered conpact of Exanple 9
cont ai ned 45 nol % 02 through Hf conversion based on netal conversion.

f Hf
The c#9936h (géﬁ'PBWtBO)BSwas 73 ppm hydrogen content was 52 ppm relative
density was 98%The composite oxide sintered compact of Example 8 contained 35 mol%

of HfO, through Hf conversion based on metal conversion. The carbon content
20 was 13 ppm, hydrogen content was 21 ppm, relative density was 98%,
maximum grain size was 30 um, and average grain size was 13 uym. In the
foregoing case, all conditions of the composite oxide sintered compact were
within the scope of the preferred conditions of the present invention.
Consequently, no decay of the sintered compact into powder form could
25 be acknowledged even in the 8" week in a vessel with constant temperature
(40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.
It has been confirmed that when the existence of Hf and the additional factors
are within the conditions of the present invention as with this composite oxide
30 sintered compact, a significant effect of inhibiting decay is yielded. The
evaluation was “©" (excellent).
[0037] (Example 9)
The composite oxide sintered compact of Example 9 contained 45 mol%
of HfO, through Hf conversion based on metal conversion. The carbon content
35 was 73 ppm, hydrogen content was 52 ppm, relative density was 98%,



17 maxi mum grain size was 37 pm and average grain size was 8 pm In the
foregoi ng case, the carbon content and hydrogen content were consi derably
hi gh, but the additional conditions were within the optical range.
Consequently, no decay of the sintered conpact into powder form could be
acknow edged even in the 8th week if7a vessel with constant tenperature
(40C) and constant humdity (90% in the acceleration test. However, upon
nmeasuri ng the hardness of the surface,, there was tendency, 0

f s
det eri or at iNeAXIMNEY GEAkL B1Z8 Wag 3/a bl ANGaRYEragROIRAIN; 94 W6 %#’W'hgn‘jﬂ?f ace was
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eval uation was "0" (excellent). .Exa e oxi de
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was 31 pm MaeRPusingr e bardnessside t%ssq%cﬁm%feﬁa t‘ﬁ%sf%ngriél ng cgé@e al |
condi ti ons Jherdistisionposi te oxi de sintered conpact were 20w thin the scope
of the preferred conditions of the present .invention. uently,
no decay of the MPIEO¥SRdN o ¥FSHEM; PR er%é‘rzatf%"rf# 3‘6%38”8%8 %ﬁ%ﬁ@'\?ﬁ@dged
evgn in t heakhbwieagkd iafeP theempee ofi1t Yearoni thast bdepngaviahed ¢hatA0@n thed
constant hum dit ?

90% jin the accel eration test. [ I el cuum
pack, no puddgien fi'ﬁrﬁ"\da e oditionpidagtor %R?e‘?‘u'hﬁ?%lkerév?or}@%\"g&féﬁ%?r%ig@ear. 25
|t has beenngshtibhragedith gt cofgdsitoxiiel sinterak compétt, amsignificandéffiect efnal
factors are within the, co%gi i aps_ of téae pr es‘ﬁ@,t in%ﬁtr}'bi on as with this
conposi te dRMAEINGdsCRY ISy ﬁ‘ﬁ)ac e evalyalionas, ©° @FEE or i nhi biti ng decay
is yi¢dobef. (Exaepryed)uati on was "0" (excellent). [0039] (Exanple 11) 30The
conposite oxide sintered conpact of anple 11 L.neda4 ogf Hf 02
t HPough Hf convef@ﬁ &H”l?%é%lw%{”é rgﬁo%?%%o%fg%@b@asgo%néﬁ c?e{rﬂ?’ was 23
ppm hydr ogasI% oRHED} thieag Hf RNVersbnaddsed alenmsitdlyconasrs®ny, Thendaren gr ai n
size was 18 pm .and erag rain sige " : i case,
all conditi ergqusnityea%gggpgea)ao&éené;%sse#e)B@OH%%&&\{B%I{S@@\%%@” t he
scope of thpa@rhegiss siandiati Pingnofandhevepagess grein isizeewas did. pm18in the
Consequently, no deca the.sintered co t _LALo.: d be
acknow edge@respdig Fﬂs%fé{ ﬁ?'h‘ﬁMﬂPGa"%@gggfe \Rlls“tIa % %on%rﬁ?ﬂ@ é{r'lr?p‘greggt ure
(490 and ogisih @ sdupal dfithey pedéiPd tonditiomsad thed preaentdnverdion. Moreover, in a
ygglrjfjm pack, no Bgrlﬁle(%qrulerzﬁil t,'n%”dé”‘éa% Sk8 %Mtgrggec%nﬁ)va%{]irﬁé bEhdb RrhaRef of 1
be acknowledged even in the 8" week in a vessel with constant temperature
(40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.
25 it has been confirmed that when the existence of Hf and the additional factors
are within the conditions of the present invention as with this composite oxide
sintered compact, a significant effect of inhibiting decay is yielded. The
evaluation was “©" (excellent).

[0039] (Example 11)
30 The composite oxide sintered compact of Example 11 contained 48

mol% of HfO, through Hf conversion based on metal conversion. The carbon

content was 23 ppm, hydrogen content was 24 ppm, relative density was 97%,

maximum. grain size was 18 pm, and average grain size was 10 ym. In the

foregoing case, all conditions of the composite oxide sintered compact were
35 within the scope of the preferred conditions of the present invention.



5 It has been confirned that when the existence of Hf and the additional
factors are within the conditions of the present invention as with this
conposite oxide sintered conpact, a significant effect of inhibiting decay
is yielded. The evaluation was "CY (excellent). [0040] (Exanmple 12) 10The
conposi te oxi de sintered conmpact of 1Bxanple 12 contained 5 nol % of Zr02

t hrough Zr conversion based on netal conversion. The carbon content was 20

ppm hydrogen content was 14 ppm | at.ive density . % ' grain
size was 20 pm %eﬁwtyggoééﬁ?%ogﬁfes'wgéecgﬁorﬂpﬁe{I'&gaog‘%f&orfge%gﬁmgancase,
al | condi t ipangckpbwiddged asueasint the Bt deekiimtaevesdet aithamnstent derpevatuie n t he
scope of the preferred, condition th resent .inventi ;
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formin t EQaé%gh}n\p%(eléorid”plﬂvemﬁﬁﬁh waistdtkeoniatiged evermafterdhefapsé 40 Cyeand
constant humi dit i cceleratjon t OV €l cuum
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additional factors are within.the cqopditions.qf t Lpaverd.,on as
with this SONEIESi CRMBRStgA SRy Hich o, MMipHngy PEcV 32 kit t?hs decay
i's yiel ded.evihgtiey Magao"qexostent)0" (good). [0041] (Exanple 13) 25The
conposi te oxide si%er ed conpact of Exanple 13 contained 25 nol % of Zr02

t hr ouffiP49} (E¥FVRIESIBn based on netal conversion. The carbon content was 23
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al | condi ti"cﬁ%gbbﬂ“f’\@‘ 25 Vﬁ%'@" EQF%%OE?%%glr%oggg?gh%ngctﬁ&({ags%%@ tn t he
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constant humidity (90%) in the acceleration test. Moreover, in a vacuum pack,
pulverization of the surface was acknowledged only after the lapse of 10 months.

20 ' It has been confirmed that when the existence of Zr and the additional factors
are within the conditions of the present invention as with this composite oxide
sintered compact, an effect of inhibiting decay is yielded. The evaluation was
“Q" (good).

[0041] (Example 13)

25 The composite oxide sintered compact of Example 13 contained 25
mol% of ZrO, through Zr conversion based on metal conversion. The carbon
content was 23 ppm, hydrogen content was 15 ppm, relative density was 98%,
maximum grain size was 19 pm, and average grain size was 11 pym. In the
foregoing case, all conditions of the composite oxide sintered compact were

30 within the scope of the preferred conditions of the present invention.

Consequently, no decay of the sintered compact into powder form could
be acknowledged even in the 8" week in a vessel with constant temperature
(40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.

35 It has been confirmed that when the existence of Zr and the additional factors



"0" (excellent). [0042] (Exanple 14) 5The conposite oxide sintered conpact
of Exanple 14 contained 48 nol % of Zr02 through Zr conversion based on
nmetal conversion. The carbon content was 73 ppm hydrogen content was 65
ppm relative density was 99% maxi num grain size was 17 pm and average
grain size was 3 pm In the foregoii§ case, although the conposite oxide
sintered conpact had high density, 10the carbon content and hydrogen
content were also high and the grain size s small. . . ently,
no decay ofarenthi Ht%?@lﬁ'%?p%fctﬂeim?%e%d iop s Wil gy CB@pgg@&ngaﬁgdged
even in tha;fefedv@pddt an eFesedf iMhibiting @eshyiy yiekieper ZhersalGatia) waad
constant humdity (90% in the acceleration test. However, upon 15
measuring t @ (B%YRBYs of the surface, there was tendency of some

det er iqja2f i(@Rampr RQver, in a vacuum pack, pulverization of the surface was

inal 'y acknow edged after the |apse of 1 year. Lt h e i nged t hat
whén the exi st end® SPmEPS'Eﬁ\(Pth?esﬁgﬁ?‘gicﬁqﬁaC? of Exampie P‘Fé:c%{'gaﬁ)ﬂsgda#?m t hin
the conditipas, of ZEOLIRORFERE chersibh Bases oni inbtal kbsversioposThe cabori de
sintered conpact, a significant effect of inhibiting. de o ifbded. The
eval uat i on GRAtent Was 1HRERY Pé‘ﬁ’l"ﬂ.e" coB%5} W?%?%n’fﬁ'@' Lf‘ﬁq'vg ety %’ﬁé ggolgfposi te
oxi de si nt ephgdmeniBrsih sife WesMIt @i Sarcoaverage dyrinnsizéovals Fij@R. tnrthegh Ti
conversi on based on netal conversion.. The carbon t . ppm
hydr ogen cJﬁ[e@ﬁtngv%e?ﬂwqp%F&'["P%'t%%’ﬂg? ?VP%KB%%%&’/? &%@maﬁﬁﬁyh si ze
wag 40 pm ReGafear cterdl landhysragenvamitd) were also higle ahd tleggiainysizas@s t he
conposite oxide sintered conpact had a high oxygen content and hydrogen

content, art@lhe rel ative densi ty was slightly Iow at 95% Consequently,
the sintered conpesdeqdenty e devay diakel eintdred mompathiatolpowder faeaicould a

vessel wth constant tenperature (£40C) and nst 3o L1t 9 i n the
accel er ati if ?E@TQWW ¥en n h‘ea&va‘(& knﬂ"p%&%,sgﬂw&he?&g%%i\to%n@% p‘%{?‘]rg surf ace
was acknow @dusdaid censtahehlmpitg (90%) intthe lexcelesation tebl. s Hawayesi urdNoxi de
sintered conpact, it ha

"R o g BB et el P RIS, URA USRI e o
factors. 35ddierisrandniatoreoves if &' végamd)pack, pulverization of the surface was
finally acknowledged after the lapse of 1 year.
It has been confirmed that when the existence of Zr and the additional
factors are within the conditions of the present invention as with this composite
20 oxide sintered compact, a significant effect of inhibiting decay is yielded. The
evaluation was “@" (excellent).
[0043] (Example 15)
The composite oxide sintered compact of Example 15 contained 1 mol%
of TiO, through Ti conversion based on metal conversion. The carbon content
25 was 37 ppm, hydrogen content was 30 ppm, relative density was 95%,
maximum grain size was 40 uym, and average grain size was 10 ym. In the
foregoing case, the composite oxide sintered compact had a high oxygen
content and hydrogen content, and the relative density was slightly low at 95%.
Consequently, the sintered compact decayed into powder form in the 4"
30 week in a vessel with constant temperature (40°C) and constant humidity (90%)
in the acceleration test. Moreover, in a vacuum pack, pulverization of the
surface was acknowledged after the lapse of 6 months. As to this composite
oxide sintered compact, it has been confirmed that a moderate effect of
inhibiting decay is yielded due to the existence of Ti and the additional factors.

35 The evaluation was “O” (good).



20 [0044] (Exanple 16) The conposite oxide sintered conpact of
Exanpl e 16 contained 10 nor/0 of Ti2 through Ti conversion based on netal
conversion. The carbon content was 25 ppm hydrogen content was 21 ppm
relative density was 98% 5 maxinumgrain size was 28 pm and average grain
size was 13 pm In the foregoing cagd, all conditions of the conposite

oxi de sintered conpact were within the scope of the preferred conditions of
the present invention. Consequently, no decay of the sintered
conpad04tht(6xaoRkeetd) f or m coul d be acknow edged even in the 8th week in a

vessel Wwith conspntompBEiey dxiee sihtdré® Qondsadt aInBxammple hibricdntanedd0®) in the

acceleration test. Mreover, in a vacuum pack, n ul veri zat,i o

acknowl edgeaoléa eh Tz WOL{%T! sppergien 5%%‘29 rhetal B etrs'ﬁﬁ'sameeﬁaeggﬁfi r med
that when tdagtensiwdseI® Bp@f hydroged cohenedes 210pph, fetativerdenaityewas 98P t he
conditions of the present invention a i

_ _ with this conposi \L}g l{Cﬁii dﬁl ﬂ%nt ered
cofipact, arM@fiMapt g6HN SIS WA i%g“'@e@&é qVET3Re ALY SIZP¥aLV R I8t i On" 'T5was " Cr
(excel | ent )ordgBfihotadeEaMBdiitlons of the compesiteooxidsidinteradi dansacttwesred
conpact of Exa%? contain

X 3 d 30 nor/o of, Ti Q2 throu Ti conversion
based on ne¥ifin pgichHe AT§ ’(%W""@Bﬁf’gw R)[ﬁ%e'gé“%?% Mhydr ogen cont ent
was 21 ppm rel ?d:d'm/s%qdel b d?fay%g%? Bﬁtdi‘éqkbﬁwaglriatmp?hder fmas_csldpmf aﬂd
average grain size was m | n the foregoing casg, .a [ of the
conposite 38 G@"Wﬁ‘%ﬂe@de\(,‘%hﬁbme é\Ser“éee%i P He%?i V@@oﬁ%”'sé?'ﬁtqﬁg]p%tag@%r red
ig@di ti ans (Qf)°df)h&1hd0'b§§§taﬁt hgmmyi(m%)_in the aﬁem?newst.y,Maegvm fn Ex\c';lv'rrplj e

, nho decay of the sintered conpact into powder fo ow edge
even in t he/agtHMRasK, ne,Pylverzation ‘%‘%?Pkﬂgwl?@ﬂ\éﬁgﬂ?n ?é%g@gg%‘%re eoq(@%é?' and
constant humi di tly ha9@¥eni dorififed st e trenetistehce MdbrTe@ndrthe iadddionalcuum
pack, no pulverization was acknow egdged even .after the . yvear. |t
has been cdAftOrnBE WP tWﬁ@ﬂ"&ﬂ%”%?ﬁ@?emgﬁergfmvﬁn%gﬂ@Qt‘ﬁ'éﬁgﬁd%fz%gésé factors
are W thin g sianrgéd compaél ahhutfept sfsirhibiting\decay anyielsledi t The hvajuatismposi t e
oxi de sinter ed“@SpnépaCMan effect of inhibiting decay is 30yiel ded. The

crexcebed)-

eval uati on W@% l ent). [0046] (Exanple 18) The conposite oxide
si nt er[@@w?oot;gggmmé)ﬁ)Exarrpl e 18 contained 49 nol % of Ti Q2 through Ti
a

conversi on SedThoen crcrﬁp%lsitec O(?X\I[ erSslln%.]r'ed-rcr:]c?mp(ftfaic:rtbc?in Example 17 contained 30
mol% of TiO, through Ti conversion based on metal conversion. The carbon
content was 25 ppm, hydrogen content was 21 ppm, relative density was 98%,
20 maximum grain size was 28 um, and average grain size was 13 um. In the
foregoing case, all conditions of the composite oxide sintered compact were

within the scope of the preferred conditions of the present invention.
Consequently, as with Example 16, no decay of the sintered compact
into powder form could be acknowledged even in the 8" week in a vessel with
25 constant temperature (40°C) and constant humidity (90%) in the acceleration
test. Moreover, in a vacuum pack, no pulverization was acknowledged even
after the lapse of 1 year. It has been confirmed that when the existence of Ti
and the additional factors are within the conditions of the present invention as
with this composite oxide sintered compact, an effect of inhibiting decay is

30 yielded. The evaluation was “©" (excellent).
[0046] (Example 18)

The composite oxide sintered compact of Example 18 contained 49
mol% of TiO, through Ti conversion based on metal conversion. The carbon
content was 19 ppm, hydrogen content was 25 ppm, relative density was 97%,
35 maximum grain size was 20 pm, and average grain size was 11 pm. In the




content was 19 ppm hydrogen content was 25 ppm relative density was 97%
35maxi num grain size was 20 pm and average grain size was 11 pm In the
21 foregoing case, all conditions of the conposite oxide sintered conpact
were within the scope of the preferred conditions of the present invention.
Consequently, as with Exanple 17, n@ldecay of the sintered conpact into
powder form could be acknow edged even in the 8mweek in a vessel with

constant tenperature (40C d constant hum.dit % LN eration
test. Mre 899'“9&39%53&%%85’8&0nt}iep?ﬂ%?si'tga?’?{%%%\%ﬁsreg&%cg ge%l even
after the hapgfthefscdbpyefithe J)referred dohditiens bEte preserit invedtiothat when t he
exi stence of Ti and the additign factqs are within t ndi tions of the
present inventi &P'E?qb\?rftﬁ- i ‘é’ﬁég’r‘ﬁﬁg’ﬁq g5188x9e%8ysc?nt &re ecging%ﬁ‘c?é,)&an
effect of iinbigovidendorieesildite yéiebodestigedieveavinltoasl"oneakais & Cessebuibl | ent ) .
[0047] (Exanple 1 conposi te oxi de.si f Exanpl e
19°cont ai né’gﬁifénmg)%%’%?tuf?(é8§4$'%)5%nﬂ??thﬁ?m§'t¥é?©%5ggttﬁ%[g% ?glgfrég'éged on
the metal g@styeMorgdvedfinld vicu@ndbatk, ndhrulvaizhtion evast asknowiesiged qyem
hydr ogen cont er}{svlwas 2f3 Pgm rel ative density was 97% maxi num grain size
athe/apsRyel hyea"

was 19 pm afig n size was 9 pm In the foregoi ng case, all
condi tions of thehgemeesidoafiened thatiwherr the edstpace ofvdi anditbdriadditipealscope of

th f d dit f t t i 1t | - i th
Eeanpl o 16 /asigrEayR T gotd e SR arpeRtE isRlon SR g Al Eothodkig ™D
aqlsnow edgeskicvsinterad tdapaithamescti of irhibitisg elecay ishyieldedt afhe elyaioat ur e

(40C) and const humdity (90% in the acceleration test. Mdrreover, in a
vacuum pacR",’a%@B{ﬂWéH”ﬁati on was acknow edged even after the | apse of 1

year. [dd47hqEx@@pR tHnfirnmed that when the existence of 25 nmetals of Ti and
Zr and the additjonal factors.are. wthi cqndl ti.0ns 418f ent

i nvention as wi t-h‘e[ ﬁpg‘P@ﬁ#&,chﬁ“féeSE%rga ‘g‘i ecrtetg g%%rdﬁglc%t jgacn e% ?g:tq%of

i nhi bi ti ng rAeleayf TiO,\dndl Zted withithe eatid settat drl based a@Che(rastebsarwgtsion ¢f00438]
(Exanpl e 2Q). The_conposite oxid i.nte f gﬁmh t ai ned
33°30 nol % 0 €p 4 %rggnvﬁopﬁerf%asr%ﬂ&gﬁggﬁ’aﬁgeﬁ Tﬁﬁase gsé%gt@'rret al
conver si on refatié densitywas TY& camakionunc gnaiersizenwgs 19 pprané aemgerdrabnt ent
was 18 ppm .rel atiye densi S, 97% ' ' ' tBe and
average gral'st gﬁaf‘esy\}dg% 18 tbf!‘nfo oﬁge%?éogg)egél%néﬁ @gg'&fsta%%oméﬁtéiogns of the
conposi t e ahteReds icompaer weserpaittin vibe esadpehoh thehprefetrpd  eanditioaspefether r ed

conditions of the 35present invention.
present invention.

20 Consequently, as with Example 18, no decay of the sintered compact
into powder form could be acknowledged even in the 8" week in a vessel with
constant temperature (40°C) and constant humidity (90%) in the acceleration
test. Moreover, in a vacuum pack, no pulverization was acknowledged even
after the lapse of 1 year. It has been confirmed that when the existence of

25 metals of Ti and Zr and the additional factors are within the conditions of the
present invention as with this composite oxide sintered compact, an effect of
inhibiting decay is yielded. The evaluation was “©” (excellent).

[0048] (Example 20)
The composite oxide sintered compact of Example 20 contained 30

30 mol% of TiO, and ZrO, with the ratio set at 1:1 based on the metal conversion of
Ti and Zr. The carbon content was 17 ppm, hydrogen content was 18 ppm,
relative density was 97%, maximum grain size was 26 pm, and average grain
size was 15 um. In the foregoing case, all conditions of the composite oxide
sintered compact were within the scope of the preferred conditions of the

35 present invention.



22 Consequently, as with Exanple 19, no decay of the sintered
conpact into powder formcould be acknow edged even in the 8th week in a
vessel with constant tenperature (40C) and constant humidity (90% in the
acceleration test. Mreover, in a vacuum pack, no pul verization was
acknow edged even after the | apse of221 year. It has been confirmed that
when the existence of netals of Ti and Zr and the additional factors are

within the conditions of the present invention as w t hi it e oxide
si nt er ed conpactc,orb?ﬁqé?'?té’ctaso‘p'ﬂi’ ﬁﬁampﬂ? ﬂg 88c§%?aysaqnﬁglsd@éfed%§5emé€dél uation
was " C% " ]gepgxgqidviﬁiétr)zf?mi @Qtﬁla]bd@gﬁgﬂﬂlailgsﬂi)?vb?ﬁheheﬁﬁmhie ap;(éml wﬁthts_red t
conpact o anpl e cont ai pe mol % of , Ti o, Hf. . ratio se
at 1:1 basé’@"%ﬁg& ﬁ%“ﬂ%rﬁglreiﬁﬁ\ﬁgr%r?doﬁo?ﬁtaﬂti hufp ')Lﬁa(.gg‘f’mrqc%:g&t)aocgelrg%ﬁ%’ént was
18 ppm hydéﬁgegl??i@wee,nm Ha@ch@mpriok, melm;h‘verazad@nw‘zasyadmwmmd ][Emehrru_m
grain size was m aver rain size ragoi ng
cade, all @Stk ﬁ&seogpﬁj W@a&o%@égtt@eﬁx?%ﬁ'f"fg@ﬁh?]‘ew@@ é'@%ﬁ%@ n\;\:grcg within
tcge scopet ﬁﬁeth&eoﬂoriteimaze%nlaqndiodddmmcaiofactdrefamf ﬁamm thenvemdiiians. of tthe_ t

nsequently, as with Exa 0, no decay. e sin into
powder f or rAregNtdNYRAtIQR k?%gatgéé'édc‘g(}%‘??'tfeng’?q%e sgﬁ{eaecgbeplraﬁﬂa&rﬁgggél ofi t h
const ant t gafBiting decay BMIdeNd T eiudtiohwesdi@"y(ek&&Rnt)i n t he accel eration
20 test. Moreover, i vacuum pack, no pul verization was acknow edged

in a
even H%8 (EXIMPIERY of 1 year. It has been confirmed that when the
expstence of neteHe cofpobitarskidd siteted heorapiatit tofoBzamplac2 breontaieedriZ0hi n t he

compact . a0t SETDLENATCa o daiecsett 1) St BRI Cocitp orior €. Ol
(excel I ent)Ti atd HOOShe Cabonmbontedd)was 28 ppnil Heydoageposarttentowasid 9sipm.er ed
ot 171 basdBIOHE CRESHETER Cmiaperu gfamsck s 23 il 3 Hibthok el | o€t
25 ppm hydiggeascenpent i fegaing casé,aall venditorsi ofytheecongiogite eeidenum
19 é%lego?héeéﬁgéfe%épgmeam%?%ﬁgﬁgg ‘ﬁ%gécg’ngfﬂ%ﬁeé%é%?ﬁS&Z? n éiro('gg {):fgﬁrr‘}:?act ver e
wi thin the greopt imfentioe. preferred conditions of the present invention.
pomacs o oot oSBT E BB BOAECRY LR BLU E s Boogic L
35const ant jpenpewddrLioe 601d) beadkravisdgett evanmindhe)8'{ weel in a veree! with
cknow edgdtPnsEh (EPpartdrati0 s ahd BpBEENIMRFGT 00%) B Eaccelitin 12>
whpen the exest emdsreoferrét al wacotimiTpaci cho-pulserizatine wakipcknavdedgescevas are
ol ntered cofifche aheept dcreast 51 prd SG ifRg ot When B RERAS LR o o
was "C)" (exeglld eh) and Hf and the additional factors are within the conditions of the
present invention as with this composite oxide sintered compact, an effect of
inhibiting decay is yielded. The evaluation was “©" (excellent).
25 [0050] (Example 22)
The composite oxide sintered compact of Example 22 contained 40
mol% of TiO» and HfO, with the ratio set at 1:1 based on the metal conversion of
Ti and Hf. The carbon content was 25 ppm, hydrogen content was 20 ppm,
relative density was 97%, maximum grain size was 23 pm, and average grain
30 size was 17 uym. In the foregoing case, all conditions of the composite oxide
sintered compact were within the scope of the preferred conditions of the
present invention.
Consequently, as with Example 21, no decay of the sintered compact
into powder form could be acknowledged even in the 8" week in a vessel with
35 constant temperature (40°C) and constant humidity (90%) in the acceleration



[0051] (Exanple 23) The conposite oxide sintered conpact of Exanple
23 contained 6 nol % of Ti02, Zr02 and H 02 with the ratio set at 1:1:1
based on the netal conversion of Ti, Zr and H . The carbon content was 53
ppm hydrogen content was 37 10 ppm_relative density was 96% maxi mum
grain size was 48 pm and average gréd n size was 3 pm In the foregoing
case, the carbon content and hydrogen content were considerably high and

t he average gral size was snal

conpact, bueSk hMUEPET Ebﬁd{aPPB'ﬁ'sp é'ov\ﬁ"fﬁ}ﬁ‘?r ﬁ'il t g rg%eé\’%q
15Consequengdftey, théh @ atmeércmmtbebecmmmedttbaipmmm @xrst&m:etcbfe 4t h

week in a ves t enper a 400) .and h t

(90% in tHBe'é‘isce{w@r ap r@s{h Lb"ac??r %{ez)’é'ﬁlhn rﬁ%%'&(ﬂp 9’1@“ Iza%ll on
8; E Eessgr fﬁé@er}@ﬁﬁveﬁﬂi@ﬁ% adtp etlisaédrapoditecoidg sintered Gcampech san 'éffecte@vfal uation

i onposi.te oxi de Si r conpagt was_ . Q, . 20 [0052 Ex I

24y B'“ESF&G@Y lseV'?JQ?‘gee& 'oé‘d’ﬁ?ac@ @%g%%g'hpl e 2£1 con][ ai( negm;4e
(r:mI % qQdosii @?(a,:l%rpwzz@nd I;fOZ with the ratio set at 1:1:1 based on the netal
onversion o I r an on Cont melei A

content was 24 pHPﬁ C?@P%?'Fé\f/@‘“l%ﬁ'é' er9 KETPgT %\%@%@gcr%ﬁl{gﬁ %};’g; vvag 23 pm
a][\dt ﬁ5 aver@fgﬁ?g,raoa amuwomt thétﬁenmlo bet athie1 .ﬂdJasgdlongheMal c@invers®mdi t i ons
o] e conp i S ered conpact I it hj t
preferred c‘?fsh Ef gq%f b—ﬁ %%'bﬁ{mfa%‘é’ﬁf s‘én 'B hﬁr&&%ﬁ%é@%ﬁtentgf d?e

delq,)% Of8t th%rﬁLmaﬁrveonnv)aws Qah%pmmiﬁn g‘rannmmeaudad %ummndwvemd even
in the week .in a vessel with constan

huni dity (9U9 %8 38 abtel 40 s fglegaiag c%%?cﬁ%&g%o f%“zg’&%@urx tgi((:onSt ant
pul ¥?“ th It?httmwmt@r?w&w h@heamdaﬂ'teeaverh@ beais sizef was gpmal Wllh: thisas been
confirnme a en _the existence o

addi ti onal $OAERYY o¥ide \Gin )iﬁ{eﬁ {;ﬂrgpa%tngﬁi %h% ?%?r {;%nﬂorngg‘g’ﬁtg i“ﬁt\ﬁg‘nﬁbﬁn as

W th trhsdcwrﬁasna? e0f<| de sintered corrpact an effect of inhibiting decay
is yielde e eval ua le 2
THE conposite ox B’ésesquﬁf‘& gﬁeéﬁﬁ%@@“ glﬁ%ﬁ%@d) atos ‘{f?gé‘ﬁ%zﬂ(s@é %gf )
h02, Zr02 awfdelfl_i‘rﬂa viagdeh Withe:omatano termperaturd (40°C) bad e‘dnsinnt Iemighty é$0%
conversi on of Ti r a on. ¢o dpp

content 5 V\!ﬁsth?4éﬁcrﬁlﬁrap%n deslve m@%ﬁ@%ymm;asoéwmﬁa%k r%R’%ﬁ%?tr@h size was 28
pm and avegafequas acisiondedyes dfferihe ldpsetdi® monthgoi Abe exskwiation of Bimdi ti ons

of the conposite . .oxide sintered c tu th| n the scope of the
preferred ceRpPYStE R S'P‘ﬁéeOL?%EE g‘\e(:‘:; n.”” Consequently, no decay of
t I sijoos2 eExampiaed) i nto powder formcould 10 be acknow edged even in the

B weck I n @ vesgel A0S AIPSERUECof £3GhhdeconaRBy SUm di Ly

(909 in the acc N a vacuu
pul veri zat i gol%esf BOkNZrD£dge HiOewitrathee raticheet| alpdd: bbaaeq/@arthemeﬁhs been

gggf It |r gﬁgl t?&ﬁ’?ﬁ%’]‘gﬁﬁ 3 eXI ‘ﬁ?ﬁt h e%%rggb?%ﬁtgﬂo\fv;% %S%rgr esgdIlng Fﬁ\r}ggﬁﬁgn as
wth this was 24 ppm, relatlve density was 97%, maximum grain size was 23 pm, and
25 average grain size was 16 pm. In the foregoing case, all conditions of the
composite oxide sintered compact were within the scope of the preferred
conditions of the present invention.
Consequently, no decay of the sintered compact into powder form could
be acknowledged even in the 8™ week in a vessel with constant temperature
30 (40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.
It has been confirmed that when the existence of metals of Ti, Zr and Hf and the
additional factors are within the conditions of the present invention as with this
composite oxide sintered compact, an effect of inhibiting decay is yielded. The

35 evaluation was “©” (excellent).



15conposi te oxide sintered conpact, an effect of inhibiting decay is

yi el ded The evaluation was "(:)" (excellent). [0054] (Conparative Exanple
1) The oxide sintered conpact of Conparative Exanple 1 was La203.
The carbon content was 31 ppm hydrogen content was 27 ppm relative
density was 20 96% but the maxi num&grain size and average grain size could
not be neasured. In the foregoing case, after being left in the atnosphere

for 2 weeks, it yed into white powder form In the foregoing case, it
was nlﬁ@%s@?‘?m@gteﬁ_rmi ntain the shape of the sintered conpact. The
eval uation was "Phe combesiteoioxideThiatered epoipagt rof dttarsplar2b geotaingdn4fabl e 1.

*Zp. 10 o PR T 2l M et LIPSt T i,
3020101194 cbaldrsidth &1 18HMEIHOz The carlidn canfenhtas 23 ppunchydrogen content: : 2. 6:
5 was 24 ppm, relative density was 97%, maximum grain size was 28 um, and
average grain size was 15 pm. In the foregoing case, all conditions of the
composite oxide sintered compact were within the scope of the preferred
conditions of the present invention.
Consequently, no decay of the sintered compact into powder form could
10 be acknowledged even in the 8" week in a vessel with constant temperature
(40°C) and constant humidity (90%) in the acceleration test. Moreover, in a
vacuum pack, no pulverization was acknowledged even after the lapse of 1 year.
It has been confirmed that when the existence of metals of Ti, Zr and Hf and the
additional factors are within the conditions of the present invention as with this
15 composite oxide sintered compact, an effect of inhibiting decay is yielded. The
evaluation was “©" (excellent).
[0054] (Comparative Example 1)
The oxide sintered compact of Comparative Example 1 was La;03. The
carbon content was 31 ppm, hydrogen content was 27 ppm, relative density was
20 96%, but the maximum grain size and average grain size could not be measured.
In the foregoing case, after being left in the atmosphere for 2 weeks, it decayed
into white powder form. In the foregoing case, it was not possible to maintain
the shape of the sintered compact. The evaluation was “X” (inferior).
The foregoing results are shown in Table 1.
25



491011281 13:'5-1011 9112 41:132020zal *58 2:122135W. 4220 10e;4*(.1:01 9

'9.50 120124&114%$499. 13 21119)11C?wx,, 1112,1101210100

19111129<0291. 11911115) 20812s 707 771,77,7617. 17, ,un7N ,,:$273 i1.7,7aii7

if, 2 7:777070l: 277.412,101215,07,71 .0582691119 x860; ( 118*0921104,5

12 58103411221405814149)43114/091 @  a .t.r.,"nnl.. 17 En92818:40.118 ,

tca. )p 411 11 3’?012VSk' N N S N

'47 Tr wi SI C. "I 1 7r) ,.a0ll 1 11+1540511 toxecadszre 1:17,771hi : 7
vsl@ slilkahle: L‘p :86.6. 7777: 7100770 ° ); 114" . IWCJI K WC., 51: -5: 215. 1;

. S*
) 1 . =
Content Relatiwe [Maximum Grain| Average Grain
Oxide (Metal Conversion) ‘f"'”n‘:)“ H‘{d“’n“’)"" Density Size Size Evaluation Resull
(mol%) PP & (%) {um) (um)
Referonce Decayed Inlo pawdar form in 3 wooks in
3 5
Example 1 HIO, 0.5 35 29 9 41 12 A almospham
Reference Decayed inlo powder form In 4 weeks in
Example 2 20, i . 19 ki 37 . A almogphere
Reference Decayed Inlo powder form m 3 weeks in
5 Example 3 O, 0.5 48 50 g5 53 1 A .
Dacayed Into powder form in 4 woeks ina
Example 1 HiO, 1 37 30 95 40 10 (o] and humidily vessel
Only surface wiwdzeﬂ ind waeksina
Example 2 HfO, 1 15 20 97 42 15 o constant and ity vassel
Dacayed inlo pawdar form in 4 woeks na
Example 3 HfO, 5 53 47 97 4 5 o] diire.and ) vessel
Only surface pul\enzed in 4weeks ina
Example 4 HiC, 5 26 28 98 6 13 (o] constant yre and ily vessal
Nol pulverizad in B weaks in a constant
Example 5 HfO, 10 76 28 95 63 3 @ perature and humidlty vessel {
gateromied)
Mot puivardzed in 8 wenl: in a conslant
10 Example 6 HO, 10 18 20 98 23 15 (<3 and h ty vossel
Nat pulverized In 8 WeaKs in & conatant
Example 7 HfO, a5 73 52 o8 7 8 @ temperature and humidity vessel (hardness
Not pulverized in @ weeks in a conatan
Example B HIO, 35 13 21 98 30 13 @ and humidity wssel
Mol puhenzed in 8 waaka In a constant
Example 9 HfO, 45 73 52 94 k1 5] %) 8 and idily vessel (hard
ds'twlufa'w]
Not puhverized In 8 weeks in a conslant
Example 10 HfO, 45 10 25 o8 k]l 14 tempaature and humidily sessel
Nol putvenzed in 8 wouks in o constant
Example 11 HfO, 48 23 24 o7 18 10 9, and wiand
Only suface puhernized in 4 weaks ina
15 Exampla 12 20, S 20 14 - D 12 O constant tampersture and humidity vessel
Not pd\eﬂzod i B weaks In a constant
Example 13 zZ0, 25 23 15 08 19 1 (5] and idily essel
et mwnm in8 Wesks In B ConSTANT
Example 14 0, 48 73 85 99 17 3 @ temperalure and humidity vessel (hardnass
aled|
Dacayed into powder form in 4 weekain a
Example 15 TO, 1 37 30 95 40 10 canslant tamparature and humicily wesaal
Not puhenized In 8 woclcs in a consiant
Example 16 Ti0; 10 25 21 98 28 13 @ and y wssel
Nat ;:uhsnzed ing WoGKs n 6 constant
Example 17 TiO; 30 25 21 89 28 13 ® temperatura and humidity vessel
Not puverized In B weeks in a constant
20 Example 18 TiO; 49 19 25 97 20 1 S, and humidily vessel
. Mot puluenzud In swenks 1n a constanl
Example 19 TO+Zr0; (1:1) 10 20 23 97 19 9 o, and bumldity vesssl
5 Mol pulverized in 8 waeks in a constant
Example 20 TiO+Zr0, (1:1) 30 17 18 97 26 15 tamperture and humidily wessel
. Nol pulverized In 8 weeks in a conslant
Example 21 TIOz+H, (1:1} 20 18 19 97 23 12 {smperaturs and humidity wessal
. Mol pulverized in 8 wooks In a constant
Example 22 TiOx+HI, (1:1) 40 25 20 97 23 17 tomperalura and bumidty sessel
.- Docayed inta powder farm in 4 weeks in a
Example 23 | TiO,+ZrO;+HIO; (1:1:1) [:] 53 37 96 48 3 la} constant temparature and humidity vassel
Py Not pulverized in B weoks In a constant
Examplo 24 | TIO+ZrO,+HIO, (1:1:1) 24 23 24 97 2 16 (5] lomperature and humidily wessel
- Not pulverized In 8 wesks In a conslant
25 Example 25 | TiO+ZrO,+HIO, (1:1:1) 45 23 24 o7 28 15 @ turw and hurnidiy vessel
Comparativeg Not able to be | Not able to be De:ayod inta white puwdarfonn in 2 weeks in
Example 1 None (only La;05) g A 27 %8 maeasured measured aimosphern

Condition of Constant Tamperslure and Humidity Vassel =Temgperature of 40°C, Humidity of 80%
Evalualion Lewel

X Decayed into white powder form in 2 weeks in atmosphere = Surface puiverized in 2 months in vacuum pack

A Dacayad inlo powder form In 3 weeks in almosphere = Surface pulverized in 4 manths in vacuum pack

A Decayed into powder form in 4 weeks In atmosphere = Surface pulwrizod in 4 months in vacuum pack

O  Decayed Into powder form in 4 weeks in a temp and idity vessel = Surlace pulwiized in 8 months In vacuum pack

O  Only surface pulverized [n 4 weeks ina tant temparalure and idity vssel = Surfaca pulverized In 10 months in vacuum pack

@  Notpuhverzed In 8 woeks ina I and humidity vessal {hard ted) =Surfaco pubwerized in 1 yearin vacuumn pack
(]

Not pulverized in 8 weeks in a constan! temperalure and humidity vesael = Not pulverized in 1 year in vacuum pack
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lanthanum oxide-based sintered compact, and a method of producing the
15 sputtering target based on the foregoing production method.
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20 27 CLAIMS [Caim1]A sputtering target conprising a | anthanum

oxi de- based sintered object having | ant hanum oxi de as a basi ¢ conponent,
wherein the sintered object contains2pne or nore of titanium oxide,

zi rconi um oxi de and hafnium oxide with the renmai nder bei ng | ant hanum oxi de
and unavoi dable inpurities, characterized in that the amount of netal

el ements of titanium zirconium arGLABMSIi umrelative to the total conponent
anount of netal elenents in the sintered object is 1 nol% or nore and | ess
than 50 nol % The sputtering target conprising the | anthanum

oxi de- bggigith 9] nt er eda odjjeringCaRgéli dmphsif ad Mrkthash@r diébased dimterddt
hydr ogen and carhon contents are respectively 25 wppmor |less, relative
density is 96%QReti HAxINg Mnthatwmgoxide asz@ ibasisy GomRANants whesgip er age

gain size s S, oBRIG contains orfe BF Sof fanRIiM WiGdd ZiRRMdR I
target conprising a | ant hanum oxl de-pbased Sl ntere Obj ect, characterized in
t hat La2( COB) 3 gruvdwfniom Laxide pihdthe aemaindérameindXaothanam rmadde i and

e tsed. bl endiRyORA: i fiss BRaRsord Rt HER ME aBBE o el o°
of netal conpordeirentd dfhditanidnd,i vircomiude amd ahafnéurho rélative ctorethea total
predet er m ned val ue

, the m xed po r. is thereafter, heated and, s hesi zed
L he: at o phasPanRIt aroa L BR aralemeal ndhe setRiADGT Rl VoS |+ o
aptai n powder, @Bk ARG Is¢thARSo4adicpowder is thereafter hot pressed into a
sintered object. A process for producing the sputtering target

conpr i sici@im Bk | ant hErRinsRXielingd daeaets cammrising Hhec danrtbasui xidesbased m 1,

characteri zed i ; : L re i de

raw materi al po%%aﬁh%%%ﬁjﬁﬁ\ég%ﬁa'% 6’2%%%8%?}3%9 |p|fat®3{ ggﬁg%rggn%@(an

addi ti ve oxi de carbomsedtents areliaspeativkiyi2bi wippar er [essf miatbe dendityds 96ke

conposition rat irg}iOf met al.m(é(é‘n‘aonent S .0 additive,oxide relati.ve.to La
I

f_ihe ad
beconmes a pr edét Wi"?lreg’% fe s%%(lgd’iotjg%%rrlepg, %%figgrfapgrgrﬁ@a%a %nd

pynt hesi zed in § g gtmesphere, the synthesized material is subsequently

pul veri zed to obtain powder, and the synthesized powder s thereafter hot
pressedGlaim3h si nt ef doeR§eiar prodycing) sputiesng tBrdst cosmprising adananym he
sputtering targetqL b Sdi t s TP i j
according to cﬁg{'drﬁc gg&%ﬂi@%{%{]?ﬁﬁﬂl Eﬁ%‘ﬁgaﬁg ﬁﬁ%ﬁgﬁ%@@%’egf th a
wet ball mill, Len:powdersasslantharumh axidalray nirigriahpowder anc egepawere at

obj ect [ or ai md]0pngRR Apd RIS A HE SRENE dPo8 ATH R Brthrt o =
Zonpri sing the drentrhidngm arei gerforsed sontteatedhebiesipositioor datiy ¢fo naétal m 3,
aynthesis s pEoruRGEID ! M efdave pids BANGoRdet baroSsa RESEEaDi or 5
to 25 hours in Jgige, afHEPHRkEd Epdvidét pdycsrebter Heatdd ethdoRyftksized in the
atmosphere, the synthesized material is subsequently pulverized to obtain

powder, and the synthesized powder is thereafter hot pressed into a
25 sintered object.

[Claim 4] A process for producing the sputtering target comprising the
lanthanum oxide-based sintered object according to claim A1,
characterized in that Lay(COj3); powder or La,O3 powder as lanthanum
oxide raw material powder and one or more of TiO;, ZrO, and HfO,

30 powders as an additive oxide are used, blending and mixing are
performed so that the composition ratio of metal components of the
additive oxide relative to La becomes a predetermined value, the mixed
powder is thereafter heated and synthesized in the atmosphere, the
synthesized material is subsequently pulverized to obtain powder, and the

35 synthesized powder is thereafter hot pressed into a sintered object.



[Claim7] The process for producing the sputtering target conprising the
| ant hanum oxi de- based si ntered object according to claim4, characterized
in that the mxing is perforned with28 wet ball mll, and synthesis is
performed by heating the m xed powder at 1350 to 1550C 15for 5 to 25 hours
in the atnosphere to produce the sintered object. [Caim8] The process
for proftleim@]t he spAt peodesy far geodusingrihei sguttheng atargetn comprising: Bbe ed

si ntered obj ect a cordin | ai m 3 har acteri,ze at .t he ess
is performed at g@fb‘%’(ﬁg?ﬁe@acﬂ r‘?%r 9%& %8%&9'”@2 CE:I l%]%
process for pr Oﬁh&aﬁ@rtéé iBPthat ehé NBIXIRy msetpemmeuswmg a Iwetl eailt haiihuand

oxi de- based sintered ohject according to cla ,, Characterized i 2,)5t0pat t he

hot press is peP¥Bhews iaweronmed by Heating ﬁh%aﬁ'ﬁﬁgn Rvder alo135¢,82:1250% ai m
19] The process {95 BrakGik9n ﬁﬁ&ﬂﬁéré’ﬁgg?@d&%tthﬁ%mékéd HPjekte 25

| ant hanum oxi de- gase sinter eH@gJ ect accor to claimb char acteri zed
i n that [GlaEnBdt pr es§hesprpeessarfaewraduqrzgdheosmtmmg targat womprising. the 5

hours. [Claim ro t pu targ i sing
the | PR o e babed” SHELRE, Uipdl: eEPy | B IFafET o
30char a](c:t eri zedcha‘rat:ﬂeanzed ha that the ems(mgs |s)ep|ei‘fornmed with Jé@iéttlmalllﬁﬂmCamm
vacuum for 1 to 5 hours. a| m ess. f duci ttering
target conprisiMtEeR!s is Ofmeﬂzlm% ﬁ U'Rg gﬁ? dB'XS n@te?:g%d 5‘?)]1356 ¢
ggcording to clpi®id.250haiIraGH B éﬂﬁoé,;ihéré% préudiotheitefed sbjeef.f or med at

1200 to 1500C in 35vacuum for 1 5 haurs.
Claim 7] The process for producmg the sputtering target comprising the

lanthanum oxide-based sintered object according to claim 4,

characterized in that the mixing is performed with a wet ball mill, and
synthesis is performed by heating the mixed powder at 1350 to 1550°C

15 for 5 to 25 hours in the atmosphere to produce the sintered object.

[Claim 8] The process for producing the sputtering target comprising the
lanthanum oxide-based sintered object according to claim 3,
characterized in that the hot press is performed at 1200 to 1500°C in
vacuum for 1 to 5 hours.

20 [Claim 9] The process for producing the sputtering target comprising the
lanthanum oxide-based sintered object according to claim 4,
characterized in that the hot press is performed at 1200 to 1500°C in
vacuum for 1 to 5 hours.

[Claim 10] The process for producing the sputtering target comprising the

25 lanthanum oxide-based sintered object according to claim 5,
characterized in that the hot press is performed at 1200 to 1500°C in
vacuum for 1 to 5 hours.

[Claim 11] The process for producing the sputtering target comprising the
lanthanum oxide-based sintered object according to claim 6,

30 characterized in that the hot press is performed at 1200 to 1500°C in
vacuum for 1 to 5 hours.

[Claim 12] The process for producing the sputtering target comprising the
lanthanum oxide-based sintered object according to claim 7,
characterized in that the hot press is performed at 1200 to 1500°C in

35 vacuum for 1 to 5 hours.



