QSPUTTERING TARGET AND PROCESS FOR THE PREPARATI ON THEREOF BACKGROUND OF
THE | NVENTTON 1. Field of the Invention 5 The present invention relates to
sa sputterlng target made of .a si mai nl y conposed of zinc

sul fide and silicon dioxide for Im Immnmmmmmor mation of a protective |ayer
for an optical recording medi um capaflg,of recording, reproducing and
erasing data using |ight beam and a process for the preparation 10
thereof. 2. Description of the Related Art As a protective |ayer for
optical disc capable of recording, reproducing and erasing data using

|l i ght beam there is usedSEUE§§8ﬂNﬁadﬁR§ETaANDxture of zinc sulfide (ZnS)

and 15 silicon dioxide urther, as a process for the formation of
such a protective | §F8F! sﬁh@P@ §Eu§§§9§ﬁéﬂﬂéﬂl AYEBEGEess using a sintered
body made of zinc sulfi | Loxide —as a sputtering target. The
production of the sinte de 20 and silicon

di oxide to belgigggga_aﬁiggéliﬁ&ggiigéget for use in the formation of a
protective |ayer Tor an optical Tecording medi um such as optical disc is
carrg ed out bynElR-ddaHd;hsantabhCre FAESSHAA s %EQQ@?ing%ﬂgr& hhSL

| sostatic Pressing) process in conbination, t pressrng process or the
i ke. Adbng direserelb bedgCRESASy SHpdE &S UG iREOSEESidS SR ELL?SHP' oyed on

an industrial basis. :However, such a sintered ceramcs nad zinc
sul fi dedioxide for use in the formation of a protective layer for an
optical recording medium capable of recordiﬁg, reproducing and
erasing data using light beam, and a process for the preparation
10 thereof.
> s F ¢ ] 1 2
As a protective layer for optical disc capable of
recording, reproducing and erasing data using light beam, there
is used a layer made of a mixture of zinc sulfide (znS) and
15 silicondioxidé(SiOﬂ. Further, as a process for the formation
of such a protective layer, there is used sputtering pfocess
using a sintered body made of zinc sulfide and silicon dioxide
as a sputtering target.
The production of the sintered body made of zinc sulfide
20 and silicon dioxide to be used as a sputtering target for use
in the formation of a protective layer for an optical recording
medium such as optical disc is carried out by CIP (Cold Isostatic
Pressing) process and HIP (Hot Isostatic Pressing) process in
cémbination, hot pressing process or the like. Among these
25 processes, hot pressing process is- 'mainly employed. on an
industrial basis.
~..vHowever, such a sintered ceramics: made of zinec sulfide

and silicon dioxide is liable to cracking: during production.
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and silicon dioxide is liable to cracking during production. Thi s
‘defective.is known as a main cause that lowers the yield. It has been of
yurgent necessity to prevent cracking occurring during production. Zinc
Ssul fide and silicon dioxide, which are constituents 5 of a sintered body
to be used as a sputtering target for use in the formation of a protective
| ayer for optical recording mnmedium undergo little solid solution in each
other even if sintered under pressure. Further, zinc sulfide and silicon
‘dioxide exhibit different thermal expansion coefficients and 10 thus cause
the occdfiéndeIBrtiyg §sdinayn assagreiheduaethaselovers st ylikide
particlgi Fn tge sin%ered body when the sintered body is allowed to cool
from t he "sPAfePFRB eiPedtiumESEs SidEn-Ct RRpEeRE (Fradiihgcersrpreduct i on
of sint e nbo?éo%csci'%t ering. |If the sintered body adsorbs water fromair
wi th this stress remai'ned, it shows a vol une increase and hence can

easi 1y Crack. z:hia DA ELGUIANa <10 OLAST 0 OP! B R sl oered body having 2

hi gher density, 1t Is"a ntageous to sinter’ t

te”p?rablﬂﬁssiﬂ@é‘%\éﬁrbohk thepEBtSLd als i 5 SHJHES A ttc??tgette%%rﬁ%gre as

hi gh as not lower than the transition tenperature zinC Sulfrde from

zi ncbl endeter fiorae iba WEr & ZpEELEE£1es U Syer e fRRagRINGeEEgER PECOMES
nore remarkabl e, thereby making it difficult to obtain a si ntereg body

free of meddumm,ngndeungohdrittilfe tsld ispsbllartiog tiar gathewkhbirt svanl ow density,

it has a | ow thermal -conductivity and flexural strength and an 25-
i nsuf f i ELSFeTRsc vaseralprassang-h Endthkegs eiacksuldudengndpetilécong
~Accordi gq_'o ’idae glxggbigugg.%rfleggn O'\c/\férrgg{meo)gpabfsion coefficients and
10 thus cause the occurrence of residual stress on the interface
of crystalline particles in the sintered body when the sintered

body is allowed to cool from the sintering temperature to room
temperature during the production of sintered body by sintering.

If the sintered body adsorbs water from air with this stress

15 remained, it shows a volume increase and hence can easily crack.
In particular, in order to obtain a sintered body having

a higher density, it is advantageous to sinter the material at

high temperatures. However, if the material is sintered at a
temperature as high as not lower than the transition temperature

20 of zinc sulfide from zincblende structure to wurtzite structure,
the foregoing effect becomes more remarkable, thereby making

it difficult to obtain a sintered body free of cracking.

Further, if the sputtering target exhibits a low density,

it has a low fhemal-conductivity and flexural strength and an

25 insufficient mechanical strength and thus cracks. during
sputtering. Accordingly, a high sputtering power “canhot be
applied. As a result; the. throughput of optical disc¢icannot

be raised. Moreover, such a low density sputtering target-has



sapplied. As. a result; the. throughput of optical "disc'; cannot be raised.
Mor eover, such a |l ow density sputtering target has 2 b a | arge nunber of
voids in its structure. These voids forman aggregate of redeposits called
¥ nodul e" that gives a source from which particles are produced. The
particles can lower the yield of products. 5 SUMVARY OF THE | NVENTI ON It
1s an object of the present invention to provide a high density sputtering
target useful for in the formation of a protective |ayer for optical
recordi ng ;medi um whi ch all ows high 10 speed filmformng, a sintered body
havi ng fg%a&ﬁesPHf“EFé'dOfdéﬁsq% N ALEi ghrwetwesi cdhester engdh Ao arhi gh
thermal shock reS|st%£§e fromwhich such a sputtering target can be

pr epar ed IHPE A PPET H“%ﬁlttsh‘éaﬁé ar@dueie” Bratgdines sFaneceddoody Wit h

lic el d n red nterin roce 15 ch a
ot pr octsdh 5?5@2?%. ¥ B 280, PV B L St teat kg e Do

preventQQu¥¥dJuhégpterlng and a sintered body having a high density, a
hi gh mechani cal strength and a high thermal shock resistance can be
prepared at a good reproducibility by the 20 foll ow ng process. In a
process for the preparation of a sintered body made of zinc sulfide (ZnS)
and silicon dioxide (S egHs a ering target for use in
the formation of a protective layer for optical recording nmedium a m xed
powder obt ai ndd- By an rbfgcziot thel fievenndnvienition € Sricda e 4 high

density sputtering target useful for in the formation of a

protective layer for optical recording medium which allows high
10 speed film forming, a sintered body having a high sintered

density, a high mechanical strength and a high thermal shock

resistance from which such a sputtering target can be prepared

and a process for the preparation of such a sintered body with

simplicity at a good yield using a pressured sintering process
15 such as hot pressing process.

The present inventors found that cracking can be
prevented during sintering and a sintered body having a high
density, a high mechanical strength and a high thermal shock
resistance can be prepared at a good reproducibility by the

20 following process. In a process for the prepa?ation of a
sintered body made of zinc sulfide (ZnS) and silicon dioxide
(S10,) to be used as a sputtering target for use in the formation
of a protective layer for optical recording medium, a mixed
powder obtained by mixing zinc sulfide and silicon dioxide with

25 zinc oxide (2zn0) as -starting materials is sintered under
specific hot pressing conditions.

The sputtering target comprising such a'sintered body

exhibits a raised mechanical strength due to the high



«25 zinc oxide (Zno) as starting materials is sintered under specific hot
pressing conditions. The sputtering target conprising such a:sintered body
exhibits a-raised mechanical strength due to the high 3 sinterability of
*the sintered body and hence a high thernmal shock resistance. Thus, the
sputtering target cannot undergo cracking even during operation with a
hi gh or sputtering power. Accordingly, know edge was obtained that a

hi gher sputtering 5 power can be applied, thereby allow ng a high

sputteri_ng.rate ..and stahle sputtering. The present invention concerns to a

sputter is'nlg1 earrag:é’[l& or?pfi 8% Jﬁ‘tﬁrrﬁég%é’diybc?d{f)‘ g’ﬁ?&% & Rg9% KE=EBRLi de and

silicon Wery! : LN n - further_copprisi a ,conposite 10
oxi de ofﬂﬁcﬁé%%ﬁégzﬁﬁ?%dn- %’S?%iéﬁﬁq%ﬁ6éﬁﬁigﬂr%F é“ﬂBH@%PHSergg a

sput t er iiG AL EveR M4 58 ayslaianso'bmﬁ&eﬁiﬁg\fasgﬁgggﬁdgegbgwem L on

further concernis a sputtering target conpris _ ody conpri si ng

zi nc sulddcterdnylysi kinon edigexivde 85t ARhEdCORRENSH ijHhhis lﬂt%@%"iﬁg' es at

| east 15 one of the following requirenents (1) and (2); (1) The

t hr e®- pgionterbendi hg sppEied h werdlyy silnowiad abedyh aghartlidind eadkS R 1601

shall be not less than 60 MPa; and (2) The thernmal conductivity of the

si nt er e@nsodtaddeorsgiutgearini-S R 1611 shall be not less than 9.8 WmK .

The 20 present invention also concerns to a process for the preparation

of a sinter ed THEIPTeBRILF IDFSORLPT YNGR IPSE tORAVWSHGS teringhgazgesnpanyi ng

dr awi ngs; .. .

gcomprlslng a sintered body comprising zinc sulfide and silicon

dioxide as main components, and further comprising a composite

10 oxide of zinc and silicon. The present invention also concerns
to a sputtering target comprising such a sintered body.

The present invention further concerns a sputtering
target comprising a sintered body comprising zinc sulfide and
silicon dioxide as main components, which.satisfies at least

15 one of the following requirements (1) and (2):

(1) The three-point bending strength of the sintered
body according to JIS R 1601 shall be not less than 60 MPa; and

(2) The thermal conductivity of the sintered body
according to JIS R 1611 shall be noﬁ less than 9.8 W/m KX . The

20 present invention also concerns to a process for the preparation

of a sintered body.

BRIEF DESCRIPTTON OF THFE DRAWINGS

In the accompanying drawings:
25 . . Figs. 1A to 1C are graphs illustrating the X-ray-
diffraction.profile of sintered bodies of Comparative Example

1, Example 4 and Example 6, respectively;. and



«25 Figs. . 1A to 1C are graphs illustrating the X-ray- diffraction. prof
~ile of sintered bodies of Conparative Exanple 1,,.Exanple.4 and Exanple 6,
respectively;. and 4 Figs . 2A to 2D are graphs illustrating the detailed
'X-ray -di ffraction profile of sintered bodies obtained in the exanples of

the present invention and the conparative exanples at predeterm ned

angl es. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention wl|

be further described hereinafter. A sintered body according to the present
i nvention can _ .10 be_obtained by uniformy mxing a zinc sulfide powder, a
silicon di oxifd@SponBiér® ARPEL SrAPhSxt Let Povieknd ahe deenibehieragg t he

m xed p S obtarn d. The content of the zinc_oxide powder in the

nm xed p(%%%racrksm& BF8Fa Fffffbmlﬁrggtb(?d‘sl% o tabRed dnct e gBRPPLESM nor €

t han t n even nore preferably from1l to 5
Wt % part | céﬁ’ Iéorte?reg‘(rgn 1%%‘}1\&%@ ?%ﬂmﬁé S g RAHUNEe t?\’éa‘&?*%%t aton the
char act gj eﬁétcésmgﬂ‘nédﬁean@'l(gsect ive layer for optical recording nmedium
obtai ned by sputtering. 1f the content of zinc oxide falls below 0.5 W%
the sesulting effect of enhancing 20 the density of the sintered body is
insufficient. Further, the materr al can undergo crack during production,
occasional Iy neki BV TGS ent enhancenent of

yield in productron: Ch t he contrary, even rf the‘content of zinc oxide
exceeds 5. wt %het h@restast dhvemtdon ngiflie dient guedther described

hereinafter.

A sintered body according to the present invention can
10 be obtained by uniformly mixing a zinc sulfide powder, a silicon
dioxide powder and a zinc oxide povrder, and then sintering the

mixed powder thus obtained.
The content of the zinc oxide powder in the mixed powder
is preferably from 0.5 to 5 wt%, more preférébly from more than
15 0.5 wt% to not more than 5 wt%, even more preferably from 1 to
Swt?, particularly from 1 to 3 wt$ taking into account the effect
on the characteristics of the protective layer for optical
recording medium obtained by sputtering. If the content of zinc
oxide falls below 0.5 wt3%, the resulting effect of enhancing
20 the density of the sintered body is insufficient. Further, the
material can undergo crack during production, occasiocnally
making it impossible to provide a sufficient enhancement of
yield in production. On the contrary, even if the content of
zinc oxide exceeds 5 wt%, the effect of enhancing the sintered
23 density is saturated to disadvantage on an economical basis.
Further, if the content of zinc oxide is too great, it can.affect
'the: characteristics- of the protective layer for optical

recording medium obtained by sputtering.



.. 25 density is saturated-to di sadvantage on an econom cal basis. Further,
If the content of zinc oxide is too great, it can affect the'
characteristics of the protective layer for optical recording nedi um
*obt ai ned by sputtering. 5 r Zinc oxide to be added in the present invention
Is only conposed of zinc and oxygen, which are constituents of zinc
sul fide and silicon dioxide. Thus, as conpared with other sintering
additives, zinc oxide can give very little effect on 5 the characteristics
of the thin | %3&:%hu% f or med q; a protective layer for optical recording
medi um The ndlar PAAHAE &P 9f et riu&hSoRdEF SRS SRYeRBICRiloXioddy powder
in the rgdﬁﬁgg&gy\q% s preferably from9Q : 10 to 70 : 30, because this
fornul atiorf can provéllg'lecoeia dgyoé?y Y4vi ﬁ”&l%‘g‘ M ST HGEE snedt 2dasi rabl e as
protectisie #aueradPrs PPIESR! g1 £8$QLdI N diym The_sintering tenperature
i's preferably from 1, 000c todlégggéc, %%gg’p%gf8?58P§88h¥1F8nﬁ§P§Fure of
transitisimtfriziadaglibiede §1omzingblepde; sin AN
structure, i_e., 15 from not | ower J’than 1,%120%%%(55%%?8;\%‘5%%%8%, 200C. .

If the tietehangcteppstatsr e akhs beloyw 12000C ¢ di QB&%HP%[@ yre type
zinc sulfide having a wrtzite structure cannot be obtai ned. n order.<to

exert abFediacdd vef flagteoffoenitgndicad. e oxidiingr @@didensity, it is necessary
that cal cining be effected under a very 20 high pressure or over an
ext ended peri GRSOROIAREAG? PR inbAulie pdwddme tei it kidmmgdiierpaeat ur e

exceeds 1w 00C.. tb_ﬁ fornyl ation of the sintered body can change due to
subl i raFey¥ser in € mixed powder 1s preferably from 90 : 10 to 70 :

30, because this formulation can provide a layer having
10 characteristics most desirable as protective layer for optical
recording medium.

The sintering temperature is preferably from 1,000°C to
1,200°C, moxe preferably the temperature of transition of zine
sulfide from zincblende structure to wurtzite structure, i.e.,

1s from not lower than 1,020°C to not higher than 1,200°C. If the
sintering temperature falls below 1,000°C, a high temperature
type zinc sulfide having a wurtzite structure cannot be obtained.l
In order.to exert a desired effect of enhancing the sintered
density, it is necessary that calcining be effected under a very

20 high pressure or over an extended period of time. On the
contrary, if the sintering temperature exceeds 1,200°C, the
formulation of the sintered body can change due to sublimation
of zinc sulfide. Moreover, by predetermining the sintéring
temperature to a range of from not lower than 1,100°C to not

25 higher than 1,200°C, a sintered body having a higher density
can be easily obtained.

The sintered body according to the present invention thus

obtained is a sintered body made of zinc sulfide and silicon



«.0f zinc sulfide. Mrreover, by predetermning the sintering tenperature to
a range of fromnot |lower than 1,100C to not 25 higher than 1,200C a
‘sintered body having a higher density can be easily, obtained. .. The
*sintered body according to the present'inverit bn thus obtained is a
sintered body made of 'zinc sulfide- and.-silicon 6 dioxide as main
conponents, and further containing a conposite oxide of zinc and silicon.
The content of zinc sulfide and silicon dioxide in the sintered body is
preferably not less than 90 w% nore preferably not less than 95 W% in
total . SIAXIFEHAF WD SPBPENeRften 2R@ fHsthaecentainéngd Fougospoader
silicon dggggde powder Epd.zhnc oxi de powder is sintered under pressure,

zi nc sulPF*REE &d &S Rl -undBrg688tentt Pfe ziagcERdhide 8bHi d
g I o S PR AL 512
ther ep n 20 ¥ Aol se ookl Y TS SRANELR M B RSt o Tpeak
A R s B A S S e b

al'l t hopewiderr ,hé ghi ¢ &AL L&t et dwder aRENG bk de oavieRdi #s\WHEEZLEE
structure. The conposite oxide of zinc and silicon shows diffraction peaks
at | easundernt tpressuwdeni taimf BuUOAi€ 28nd&251ibiconhndibridecufibyq6ks2. 84A (29
=31.5) and in the vicinity of 2 .64A (2 B =34 .0) . As obvious from 20 the
conpar i 360t IFSRSTNIOR: 492 sthboivh $lTabdre, lbutzi nncovkhdsi bt cabestZn2Si O4)

. is considered to be produced, o
partly reacts with silicon dioxide to produce a composite oxide

10 of zinc and silicon. Fig. 1C indicates X-ray diffraction
profile of a sintered body containing zinc oxide incorporated
therein in an amount of S wt%. As shown in Fig. 1C, adiffraction
peak (X) corresponding to the composite oxide of zinc and
silicon is observed. 1In this profile, diffraction peaks other

15 than that indicated by X are all those for high temperature type
zinc sulfide having a Wrtzite structure. The composite oxide
of zinc and silicon shows diffraction peaks at least in the
vicinity of 3.494 (26=25.5), in the vicinity of 2.84& (26
=31.5) and in the vicinity of 2.64A (26=34.0). As obvious from

20 the comparison with ASTM 8-492 shown in Table 1, zinc
orthosilicate (2n,Si0,) is considered to be produced.

In the present invention, it is not necessary that all
zinc oxides added form a single composite oxide of zinc and
silicon. ziﬁcoxidesthusaddedmaypartlyformothercomposite

25 oxides or amorphous substances. The diffraction angle 20 at
which the X-ray diffraction peak of the composite oxide of zinc
and silicon-occurs may occasionally deviate from the above-

defined value by about *0.02A and thus may not necessarily



sl N the present invention, it is not necessary that all zinc oxides added
forma single conposite oxide of zinc and silicon. Zinc oxides thus added
may partly form other conposite 25 oxides or anorphous substances . The
*diffraction' angle 2 9 at which the X-ray diffraction peak of the
conposite oxide of zinc and silicon occurs may occasionally deviate 'from
t he above defined val ue-by about 0.02A and thus may not necessarily 7 A
coincide strictly with 3.49A, 2.84A and 2.64A. Further, even if zinc

oxi des thus added may partly,.r [ ynreacted, ther.e is no special problem
as far acso%rhceﬁléi%rsetrllict yewf‘gha‘ﬁ'%ﬂ’e t‘82 uchPe Hat® ey FRFENEBL S¥&fogni zed

¢ g . . ' ; d abc , h i d bod
on X ragl‘g;ﬂr{@%ﬁfd’és;rtq{ﬁ %dgégéﬁ‘agf%%???négmgyg urtxréa%cst'agéﬂ%:g‘xegﬁof%/de

obt ai ne sintering a m xe a y mXxin

powder, & Sid i ok i 0% 46 NAWIRYT Fahd 53 éh%gngfiadfipewe{mcﬁpe Gt the

desired effect 'of enhancing the sintere sity even en no conposite
oxi de ofsudmehardthé)iax@nbs hsMetPdn X Imyy d0rdirhErashinanfile

dependi ng on the added anmount of zinc oxide. "When any conposite oxide of
zinc5and silican menahiseededaldowe r ahe diifitageédomqayof bbeaihbe ¥8sired
effect can be exerted nore remarkably. The nolar ratio of zinc sulfide to
si | i con Hinkexieng natnexeds5psivdeer edtbadpdi bypmefxemgblay Aimemsil £ide) to 70
30 because it can provide a layer having characteristics nost desirable as
a pr ot e RPN ayrS ¥ocPpdicaide povdieng anedRuALNE fox e ceandan cain zinc
oxi de 11 Lhe, geq. powder, Qurlng, Lhe broduction of sintered body I's from
when no composite oxide of zinc and silicon is observed on X-ray
10 diffractionprofile dependingon the added amount of zinc oxide.
When any composite oxide of zinc and silicon is observed on X-ray
diffraction profile, the desired effect can be exerted more
remarkably.
The molar ratio of zinc sulfide to silicon dioxide in the
15 sintered body is preferably from 90 : 10 to 70 : 30 because it
can provide a layer having characteristics most desirable as
a protective layer for optical recording medium.
If the content of zinc oxide in the mixed powder during
the production of sintered body is from 0.5 to 5 wt%, and alll
20 zinc oxides form zinc orthosilicate (zn,SiO,), the content of
zinc orthosilicate (2Zn,5i0,) in the sintered body is from 0.68
to 6.8 wts.
Further, by increasing the density of the sintered bedy,
themechanical strength of the sputtering target can be enhanced,
‘25 making it possible to apply a high sputtering power. At the
T same time, the production of particles can be minimized: . Thus,

the relative density of the sintered body constituting ‘the

sputtering target of the present invention is preferably'not-



.20 zinc . oxides formzinc orthosilicate (Zn2Si ™) 1 the content of zinc
orthosilicate (Zn2Si™) in the sintered body is from0.68 to 6.8 wt%
Further, by increasing the density of the sintered body, the nechani cal
*strength of the sputtering target can be enhanced, 25 nmking it possible
to apply a high sputtering power. At the sane tine, the production of
~particles can be mnimzed. . Thus, the relative density. of the sintered
body constituting '-the sputteri ng target of the present invention is

f I h 9 h 97% Th

O cat or L¥ Ao i Ve RER TS %aﬁﬁ%eﬁfnﬁs%rei%%w c%nsfr eFTIREthe
f ff h
ngiéﬁﬁﬁﬁv%ﬁ??g%"g e A Sl o e e T

preferagguteérghgsecat&el@oofcfast gkggsm fy%rrpe %gbylsth%fe' fye density

of the sintere I's prefera rom9 nore preferably from

97%to 408%etkEoe i@@h%@i@ﬁ]hv@ﬁtlbﬁ bubt Sleabine10f itRegsndiefed body,
Archi medes' nethod nay be used for exanple. It is 10 occasionally :

di f f5 cubf tthe sdhtelratebddie iexpeefapabiey @fs ¢hese aloat 0ve agepsssypDE. t he
sintered body because the kind and content of the conposite oxide of zinc
and si | Aconrdongainedhe relre sient @emslibpdyfi Sheots idefarsd eocatyd ide exact
theoretical density of the sintered body is thus unknown. In this case, 15
the t heBF%fPEéPlﬂe%’é?’t‘ﬁSd‘eF@r h fied maF e BeesSrappli BROM Rt £Rel0&% nt er ed
body consi st s_of Zl-';nc sul fide, silicon dioxide and zinc oxide may be used

i nst ead of t hBPT ofRe MRASHFAREHe Af SREIPYL ki deNRL thGfy thensinFeredse, t he
'theoretbggy,dig%ﬂfﬁeéyﬁs(kﬂéhrgnmay be used for example. It is

10 occasionally difficult to calculate the exact value of the
relative density of the sintered body because the kind and
content of the composite oxide of zinc and silicon contained
in the sintered body is not definite and the exact theoreticél
density of the sintered body is thus unknown. In this case,

15 the theoretical density determined on the assumption that the
sinteredbodyconsistsofzincsulfide,silicondioxideandzinc
oxide may be used instead of that of the abovementioned sintered
body. 1In this case, the theoretical density thus determined
is about 0.03% smaller than that determined on the assumption

20 that all zinc oxides thus added form zinc orthosilicate when
the content of zinc oxide is 5 wt%.

. The sintered body according to the present invention is
made of zinc sulfide and silicon dioxide as main components,
and satisfies at least one of the following requirements (1)

25 and (2):

(1) The three-point bending strength of the sintered

body according to JIS R 1601 shall be not less than 60 MPa; and



.1s about 0.03% snaller than that determ ned on the assUnpti

on 20 that al

zi nc oxides thus added formzinc orthosilicate when the content of zinc
oxide is 5 % . The sintered body according to the present invention is

*made of zinc sulfide and silicon dioxide as nmain conponents,
at least one of the followng requirements (1) 25 and (2):

and satisfies
(1) The

t hr ee- poi nt bending strength of the.sintered body according to JIS R 1601

shall be not less than.60. NPa; and 9 r (2) The thermal

conductivity of
than 9.8 Wm K

t he sint d ' to JI'S 1611 shall b t
. Fore flhg renregsu?g%nt Corghgg’f‘ﬂﬁeé:%“ﬁttlﬂé’faﬁ ﬁﬁf sF?’@E?ﬁWteeg%dt P nt er ed
bod JIS R 1601 (1995 t est he 5 bendi th of f
cer A c85° ﬁﬁélaa %seaﬁ kYo ddshabta e? n6d 4855 HPRh 3 i AR nen s out
out of the sip ure 1§g%e e ﬁgﬁuﬂgggkﬂigﬁtgtgé %@g sintered
s e

body is dlrect y r Tate e nec anlc

sTntered body.

The gregkefnd he dduses BQHE}t i@f@@ Ngo St rRNH h %thtsa %Pk%%%qnﬁlﬁhé)ody s,
(6] er nal

the nore insusceptible to cracklng due to nechanlca | mpact

shock i BehBengi Nt Lsesk Dodys iy cREarete) MdY Be udd®e {hreampRogata bendi ng
strength of the sintered body to not I|ess than 60 MPa, the sintered body

can be prétent ddxf Bomm speeigenngscrackbng ddrthg pindecedosody. sputtering.
The 15 upper limt of the three-point bending strength is not specifically

linited. In pFhetthesetpaevemendiagquppeengthial the sintered

bedy 1is

10

15

directly related to themechanical strength of the sintered body.
The greater the three-point bending strength of the sintered
body is, the more insusceptible tc cracking due to mechanical
impact or thermal shock is the sintered body. By predetermining
the three-point bending strength of the sintered body to not
less than 60 MPa, the sintered body can be prevented from
undergoing cracking during production or sputtering. The
upper limit of the three-point bending strength is not

specifically limited: In practice, however, the upper limit

- of the three-point bending strength of the sintered body is

20

- 25

preferably from 60 to 80 MPa, more preferably from 68 to 80 MPa,
as far as its effect can be confirmed.

For the measurement of the thermal conductivity of the
sintered body, JISR 1611 (1991) (Method for testing the thermal
diffusivity, specific heat capacity and thermal conductivity
of fine ceramics by laser flash process) may beused. A specimen
having an ihscrj_bed circle and circumcircle section with a
diameter of from 8 to 10 mm and a thickness of not more than
4 mm is. cut out of the sintered body. Using the equation «
= a.'C :0 (in which « is the thermal conductivity, a is the

measured value of thermal diffusivity, C is the specific heat

10



.0f the three-point bending strength of the sintered body is preferably
from60 to 80 MPa, nore preferably from68 to 80 MPa, as far as its effect
can be confirmed. 20 For the neasurenent of the thermal conductivity of the
*sintered body, JIS R 1611 (1991) (Method for testing the therma
diffusivity, specific heat capacity and thermal conductivity of fine
ceram cs by laser flash process) may be used . A specinmen having an
inscribed circle and circuntircle section with a 25 dianeter of from8 to
10 mm and a thickness of not nore than 4 mmis. cut out of the sintered
body. USRBECELhY adial iiohthe®ulk dénsitp (fi hhefsipelr ikfeng ,ttiee thermal
conductivity, - a. is the neasured value of thermal diffusivity, Cis the
specifiEoﬂgéFtlYGtQabac??§C%%ﬂt%dis RUTEhan k tdenBrily dgnsdie ofetheen) , the
thermal _ %ggductivitg S calcula%gd. F%nther,,the bul k density of the

speci nreRPESATHR F88sUFe8hY AFChPHe 8ESP1AEARSd TRENGReat er the t her mal

conductivity t | 1S, .-.,.t.he hi I s. the copling effect
during sputt e?lflﬁgé’%l%ﬁg%%?%?géﬂ?{%ls%gggbltcitﬁlvétyo&%%ggkﬁ Jrfbt?ﬁFedOBSdi’ her mal
shook i §st hene S 1§1062d DOdY- LSy Wik | oL e iSpyged at-.a
hi gher sSutte?iﬁgipomef, It %oesngg Jﬁ%%?ggh??3§£%%§§ %%ggﬂéndiFH%ossible
to attamorhi ghsaaee@taMestt&blﬁidﬂimc{)QImnga BiedRa Pref6Ler i nitpg the

thermal conductivity of the sintered body to not less. than 9.8 Wm- K,
it is nadatpuedi bbdyto Thés$i ceean| yf thewrinitdrdwl eedy rienceeaf acracki ng
during sputtering. The wupper limt of the thermal conductivity of the
si nt er eB1BB8Y SPYtREriBgepPVeral 1y doesn ctl uridegyaacirac&ingoweakingit is 15
prefer a?.!l:ypgég?b]?'eégté Oatltzaij?n Vk\{i%hK’spr;I)ercleagge;E;g]t?leyfj]i]rn?r}‘.]o]i']{n'i%g. By
10 predetermining the thermal conductivity of the sintered body
to not less than 9.8 W/m - K, it is made possible to sufficiently
prevent the occurrence of cracking during sputtering. The
upper limit of the thermal conductivity of the sintered body
is not specifically limited. 1In practice, however, it is
15 preferably from 9.8 to 12.8 W/m ‘K, more preferably from 11.2
to 12.8 W/m 'K, as far as its effect can be confirmed.
The relative density of the sintered body of the present
invention is preferably not less than 95%, more preferably not
less than 97%. Further, the foregoing sintered body 1is
20 preferably made of high temperature type having a wurtzite
Sstructure zinc sulfide. The foregoing sintered body is
preferably not observed to show (200) diffraction from low
temperature type zinc sulfide having a zincblende structure
when subjectéd-to.ordinary X-ray diffraction measurement for
25 1identification of substance. However; even if traces of peak
are observed, it suffices when the ratio of integrated intensity-
(I5(200)) of (200) diffraction of low temperature-type zinc - -

sulfide having a zincblende structure to integrated. intensity.

11



.t0 12.8 WmK, as far as its effect can be confirned. The rel ative density
of the sintered body of the present invention is preferably not |ess than
95% nore preferably not less than 97% Further, the foregoing sintered

“body i's 20 preferably nmade of high tenperature type having a wirtzite
structure zinc sulfide. The foregoing sintered body is preferably not
observed to show (200) diffraction fromlow tenperature type zinc sulfide
havi ng a zi ncbl ende structure when subjected to. ordinary X-ray
diffracti on neasurenent for 25 identification of substance. However, even
if :tradds (300dakt 41800bséfdedctipn ofif higkstemmyrathi® naipeoz0he
integrated-Intensity (Ip.(200)) of (200) diffract-ion of low

t enper atSiird:138/ faVingca Wk £7 Hee IbAURF W i(AeliP8Adé Bf ¢LQA Uy et aoknt egr at ed

i ntensi ty- Y (4,4,100 of (10 diffraction of high tenperature type
zinc sul iedétj"r?é‘vi(oln'g"(laf \/%%Vz]ﬁ AW VR t(q‘zacm)o 19910 (rﬂ_?rg. oFhpri s hot
nore th <01 artlcularly not e than 0.001 n ot her words, the
intensi?@rggﬂighglébt356}£yy¥%tfiSG§a(Fg%ﬁ/egeréB?é))QfTPéﬁﬁérﬁélﬁ.Ol, mor e
pr ef er alrpnf r0mD ¢.@10- ke %%ég&lw fRASYr ikRg ocqrdi tions under which

n -

guantitative analysis ts effécted | ray diffraction measurenent of

sintered bodyast hebgdimgrbe exegphtihgd C@ghdf@i55%<:h%mgggeriQEEEhX-ray; 50
kv as applied voltage, 200 mA 10 as target current, 0.2/ mn as Scan speed,

0.5 as duspdrisiagrives| analiystis, Qs5 asfecebderimg xslraly Wadihrandi8n15 nm as
light-receiving slit width. If CuKa 1 is used as characteristic X-ray,
(100) dimeRsacEnent! rdnsirtdneh bedper shere. mbypBezbRemplified Cuk

@, as characteristic X-ray, 50 kV as applied voltage, 200 maA

10 as target current, 0.2°/min as scan speed, 0.5° as dispersion
slit width, 0.5° as scattering slit width and 0.15 mm as
light-receiving slit width. If CuKa, is used as characteristic
X-ray, (100) diffraction from the high teméerature_type zinc
sulfide having awurtzite structure is obtained as a diffraction

15 peak at a diffraction angle 26 of around 26.9° (d = 3.309A)
while (200) diffraction from the low temperature type zinc
sulfide having a zincblende structure is obtained as a
diffraction peak at a diffraction angle 26 of around 33.1° (d
= 2.7054).

20 Referring to the foregoing sintered body made of zinc
sulfide and silicon dioxide as main components and further
containing a composite oxide of zinc and silicon, the ratio of
integrated intensity (I;(200)) of (200) diffraction of low
temperature type zinc sulfide having a-zincblende structure to

25 integrated intensity (I,(100)) of (100) diffraction of high
temperature type zinc sulfide having a wurtzite structure (I
g (200)/-I,(100)) is 'preferably not more than 0.01, more
preferably not more than 0.001. '

12



.sulfide having a.wurtzite structure is obtained as a diffraction 15 peak at
a diffraction angle 29 of around 26.9 (d = 3.309A) while (200) diffraction
fromthe low tenperature type zinc sulfide having a zincblende structure
*is obtained as a diffraction peak at a diffraction angle 2 9 of around
33.1 (d e = 2.705A). 20 Referring to the foregoing sintered body nade of
zinc sulfide and silicon dioxide as nmain conponents and further

contai ning a conposite oxide of zinc and silicon, the ratio of integrated

intensity (I 220%%_0f %200% diffraction of logw tenperature type zinc
sul fi de havi n§®4ZFAEBFehdBTREF ek (e PEOSESSnEeE it PLamaERsiry efa(100))

f (100),diff.raction of  hi ture t i Lfid i
our 11 EOEL AR 1509 B0 HS HE QS 0B S TAH 1 BHF By LAOE: mor o

than-'"' Q; : f . . than 0.001. .12 Referring.further t
he pr otsed PRy SFReRiE BhE N B ReERRedh F iy e hecRrbbnt

i nventi L-RC; | f4 {44 ' | a ' I 1] as
Slar ] nEoaderBCiPH g de oA PR DROKE Son M Lo OH S8R T bt

uni for mey g, Xedl, aS£1D-milin. aThel hikedl pokler mxed pawdeled HYscabhai ned is
then packed in a graphite nold. The m xed powder thus packed is then

Si nt er epagiedr imat gpapsstagadendi Tthensixed powdbrariuddBatRed0l thghcn? as
pressure, from 1,000 to 1,200C as tenperature, from 1 to 5 hours as tineg,
from 208 1ngezedCrndesashoie e xng el ti®nisr,om-200 o8N o a80cool i ng
rate, in argon atnosphere or in vacuo. If the heating rate is greater than
300C/ hr }{g/cm as pressure, from 1,000 to 1,200°C as temperature, from
1 to 5 hours as time, from 200 to 300°C/hr as heating rate and
10 from 200 to 300°C/hr as cooling rate, in argon atmosphere or
in vacuo. If the heating rate is greater than 300°C/hr,
reéidual stress is developed in the sintered body during cooling,
occasionally causing the occurrence of defects such as cracking
in the sintered body. Thus, the cooling rate is preferably not
15 more than 200°C/hr.
The zinc sulfide powder, silicon dioxide powder and zinc
oxide powder to be used as starting materials of the sintered
body of the present invention are not specifically limited.
Commercially available products may be used as such. 1In
20 practice, however, a zinc sulfide powder having an average
particle diameter of not more than 10 um, a silicon dioxide
powder having an average particle diameter of not more than 10
pm and a zinc oxide powder having an average particle diameter
.of not more than 5 um are preferably used to obtain a sintered .
- 25- body having a higher uniformity and density.
Further, the silicon dioxide powder to be used may be

composed of spherical particles. However, the use of a silicon .-

dioxide powder having an irreqular shape with many.corners and .
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.residual stress is developed in the sintered body during cooling,
occasionally causing the occurrence of defects such as cracking in the
sintered body. Thus, the cooling rate is preferably not 15 nore than
*200C/ hr. The zinc sulfide powder, silicon dioxide powder and zinc oxide
powder to be used as starting materials of the sintered body of the
present invention are not specifically limted. Comercially available
products nmay be used as such. In 20 practice, however, a zinc sulfide
powder having an average particle dianeter. of not nore than 10 pm a

vp
si | i con?Wi ¥%FHRIC poketchaviknerenvet it gass dhandidneh?PBAinRE nore
than 10 }pm and a zinc.oxid owder having an average particle dianeter
of not WH lt“?ﬁi;lﬁ’qérﬁ Ellge%?éf %P?rﬁégaegd‘%‘ﬁtr‘aﬁ RO FPECALEFet 2RSS body
havi ng L gh | formty and density, Further, the.silicon. dioxide powder
o be uBaRERaEt b SEIL 2 W Rt o bt il heb e B oe O "

Ol TR . : . : q
si |1 congagdt 91 dg eemefammggo% EEbRIYhar s?ﬁgﬁfi%" %ﬁ}d%’ﬁ%ﬁ’d l‘f%{é]%rs and

13 an average particle dianeter of not |ess al ne y

gri mdi ngréebati vaky phafdd tidn i §sahgid Ies NQuSHRS| dheredang mgwkes it :
possible to.effectively prevent the silicon dioxide particles fromfalling
of f froaftfhetsvelered body and hence 5 prevent the production of particles
during sputtering nore effectively. Mreover, silicon dioxide to be used
in the presenMoreeaventi snlispnhaicoxiciee bxygenudefiedns thel si¢semn def ects.
Both silicon dioxide contained in the sintered body and silicon 10 di oxi de
to be usBHUSRELSDaMRYnBaKgt EPME CHHgeRodehectssand| §ihbgen defects.

Both silicon dioxide contained in the sintered body and silicon
10 dioxide tobeused as starting material may not necessarily have
an oxygen to silicon atomic ratio (0/Si) of 2.
The sintered body thus obtained is then subjected to dry
or wet machining so that it is worked into predetermined shape.
If necessary, the sintered body thus machined is then bonded
15 toa backing plate so that the heat developed during sputtering
can be effectively released. Thus, a sputtering target
according to the present invention is prepared. 1Inparticular,
the present invention allows easy preparation of a large-sized
sintered body. A columnar sintered body (ingot) is sliced to
20 obtain a plurality of disc-shaped target materials. If
necessary, the disc-shaped target is shaped, polished, and then
bonded to a backing plate to prepare a sputtering target
according to the present invention. The columnar sintered body
(ingot) may be sized to a diameter of from 75 mm to 250 mm and
25 a height of 100 mm so that about 12 sheets of target materials -
having a thickness of 6 mm can be obtained.
- The shape of the sputtering target can be':properly -

selected according to the sputtering apparatus to be used. . For
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.an oxygen to silicon atomc ratio (0/Si) of 2. The sintered body thus
obtained is then subjected to dry or wet machining so that it is worked
into predeternined shape. |f necessary, the sintered body thus machined is
*t hen bonded 15 to a backing plate so that the heat devel oped during
‘'sputtering can be effectively released. Thus, a sputtering target
according to the present invention is prepared. In particular, the present
invention allows easy preparation of a |arge-sized sintered body- A

columar sintered body _(ingot) is sliced to 20 obtain a plurality of
di sc- sh&¥edPi&rgét S BPé’lana Atemesar ot feemi st fapgaght akgat i s

shaped, polished,.  and then ed t ackin ate to prepare a
sputter Fp§ttaé%9§& ha&éﬁ%r‘.‘tﬁﬁ@eﬁf‘d g Jé'é‘g'hf‘ 3 ﬁ dnlBﬁh Fherdshardar
sintere 0 ngQt zed to.a_dianeter of from75 250 mm
and 25 gh% Qx Fg% éfnn1so Heﬁﬂ&ﬁﬂFaf?eghéﬁtgofﬁai%ﬁgﬁﬁ? nFéP al s
having g thj c?l@nm of 6 nm can be obtained. The shape of the sputtering
target can be-. properly selected according to the sputtering apparatus to
be usedExanp0les 14 exanple, a circle having a dianeter of from3 to 8 inch
or a rectangle having a size of 4 to 6 inch x 5to 20 inch is ordinary.
The thi ckness Tofe bliiessptt tareAGibAIGELlibe DIy ddshide@utin 8nko 20 nNm

5 Exanpl es The present invention will be further described in the
fol | ow ﬁ@ldmripigeﬁxamptletsm bute séwet presemtti dmvendiilod shbuld noconder ued as
being limted thereto. Examples 1. 2
construed as being limited thereto.
Examples 1. 2
10 As startingmaterials, there were used a ZnS powder having

an average particle diameter of 5 um, an Sidzpowder having an
average particle diameter of 5 uym and a ZnO powder having an
average particle diameter of 0.5 um.
The 2nS powder and the Si0, powder were blended at a molar
15 ratio of 80 : 20. To the mixture was then added the Zn0 powder
in an amount of 0.5 wt% based on the total weight thereof. The
mixture was put in a resin pot with zirconia balls, and‘then
stirred by means of a ball mill for 16 hours. The mixed powder
thus obtained was packed in a graphite mold, and then subjected
20 to hot pressing sintering in vacuo at a temperature of 1,100°C
(Example 1) or 1,150°C (Example 2) under a pressure of 200 kg/cn?
to prepare a sintered body. During this procedure, the heating
rate and cooling rate were each 200°C/hr, and the detention time
was 5 hours.
.25 The various sintéred bodies thus obtained were each
worked into a disc (thicknéss: 5 mm; diameter: 200 mm® ), and
then bonded to‘:a.copper backing plate to obtain sputtering

targets.
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.10 As starting materials, there were used a ZnS powder having an average
particle dianmeter of 5 pm an Si 02 powder having an average particle
dianeter of 5 pmand a ZnO powder having an average particle di aneter of
*0.5 m The ZnS powder and the Si 2 powder were blended at a nolar 15 ratio
of 80 : 20. To the m xture was then added the ZnO powder in an anount of
0.5 Wt % based on the total weight thereof. The mxture was put in a resin
pot with zirconia balls, and-then stirred by nmeans of a ball m Il for 16
hours. TIh i xed ,powder thus obtained was packed in a graphite nold, and
then su ot pressing sint eri ng in vacuo at a tenperature of

1, 100C Ex d 200 k n
to prepage 2 s%n ered“b%g‘%%ggﬁglﬁxg% un elrjer e e%lﬁzg%uvrgg% han?%tg ;nd
cool i ngahakePahe é\f&@?& ﬂ%& ¢ Be d;ﬂeta%{”s'l%“ ‘Ng%lﬁ hoyrs. .25
The various sinfer d bodi es t ta| ne wer e eaé o a di sc'

(thi cknasgeragenpardianet af ame28e BE(3 umadKh 4 ey @@Wa@@ h@vangoRper
backing plate to obtain sputtering targets 15 Exanp s 3 to 6°As starting

mat € | ahserbher pameielesdd amefry pawdes havi ng an average particle
dianeter of 5 pm an Si 2 powder having an average particle dianmeter of 5
pm and a ZnO Poadéns ipevidey and Shadelapeowdart vete bdiemdedeat &f mOLEr Nm ry
The ZnS powder and the Si 2 powder were blended at a nolar ratio of 80 :
20. To ERELR RERL waS8 -t HEm HwimdxtHse /e fdvaterddpd tire ZMOUREWEOEr 1 Wt %

Exanpl es 3, or._5 w % (Exanpl es_5, 6)
( P ?n ah a&ount of 1 wts gBamples 3, 4) or 5 wt% (Examples 5, 6)

based on the total weight thereof. The mixture was put in a
10 resin pot with zirconia balls, and then stirred by means of a
ball mill for 16 hours. The mixed powder thus obtained was
packed in a graphite mold, and then subjected to hot pressing
sintering in vacuo at a temperature of 1,100°C (Examples 3, 5)
or 1,150°C (Examples 4, 6) under a pressure of 200 kg/cm’ to
15 prepare a sintered body. During this procedure, the heating
rate and cooling rate were each 200°C/hx, and the detention time
was 3 hours.
The various sintered bodies thus obtained were each
worked into a disc (thickness: 5 m; diameter: 200 mm), and then
20 bonded to a copper backing plate to obtain sputtering targets.
Comparative Examples 1, 2
Sputtering targets were prepared in the same manner as
in Examples 3 to 6 except that the ZnO powder was not added
(sintering temperature: 1,100°C (Comparative Example 1),
+ 25 1,150°C (Comparative Example 2)).
| ‘The added amount of 2znO0 and sintering conditions:  in
Examples 1 to 6 and Comparative Examples~1.énd 2 are:set forth

in Table 2.
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.based on the total weight thereof. The m xture was put in a 10 resin pot
with zirconia balls, and then stirred by neans of a ball mll for 16
hours. The m xed powder thus obtained was packed in a graphite nold, and
*then subjected to hot pressing sintering in vacuo at a tenperature of 1,10
0 C (Examples 3, 5) or 1,150C (Exanples 4, 6) under a pressure of 200
kg/cn2 to 15 prepare a sintered body. During this procedure, the heating
rate and cooling rate were each 200 C/'hr, and the detention tinme was 3
hours. The various sintered bodies thus obtained were each worked into a

di sc (thi ckne§§L -5aﬁ&}ea. et &r AnSEPTRAC AR EHETPLES BoRddd 4 508 copper
backi I tt I 1. 2
sﬁﬁt'tE?. G BIEE TPEparetn oehe Ceard rior (o tRER ERERERSs 3 to 6
t L4@s 1, 100C
?égﬁgaratlve Eﬁ%ﬁgf} g% k 25 lﬂqéocgfﬁbnﬁégg?%gébEgéhggggé)%%E$ﬁe added
amount aferén@aeﬁdtﬁéﬂtﬂwf@c@wdjot XQRSy. 8 0f £ EXSEP £ Sndadifr st af@MPar ati ve

Exanples 1 and 2 are: set” .forth in Table 2. 16 In Exanples 1 to 6 and
Conpar atress doeahpl €8xl aaﬂrae-pbentS| Nb & @Th Ppodisas iyt cackheksanved to
see if they undergo cracking during production. The resulting sintered
bodi es asgrdaicgEctittyhemds Wgrectted t Thk- repuditfihgaspudt erdagutargetsand 5
measured for three-point bending strength, thermal conductivity and
denS|tyweﬂﬁaQ%ShHQﬁﬁkyaﬂﬁﬂtﬁﬂﬂri}qﬁ%qyang propersdels -eval uat ed for

sputtering pr%pertles . _ o
or X-ray diffraction measurement, X-ray characteristic

to CuK @, was used. In addition to ordinary qualitative
10 analysis, measurements were effected using a monochrometer at
an applied ‘voltage of 50 kV, a target current of 200 mA and a
scanning rate of 0.2°/min. The width of the dispergence slit,
scatter slit and recéiving slit used were 0.5°, 0.5° and 0.15
mm, respectively. The number of integration was 5. The
15 measurement was made at diffraction angles 208 of from 21.0 to
23.0, from25.0 to. 26.0, from 31.0 to 35.0 and from 48.0 to 50.0.
For the measurement of three-point bending strength, 10
specimens having a size of 36 x 4 x 3 mm were cut out of the
sintered bodies obtained in Exaﬁples 1l to 6 and Comparative
20 Examples 1 and 2. Using a Type Autograph AG-2000B bending
strength tester (produced by-Shimadzu Corp.), measurement was
made at a cross head speed of 0.5 mm/min in accordance with JIS
R 1601.
For the measurement of the thermal conductivity of the
.25 sintered body, a sheet of disc~-shaped specimen having a diameter
.xx . of 10 hm-and a thickness of 1 mm was cut out of the sintered
. bodies obtained in Examples 1l to 6 and Comparative Examples 1::

and 2. Using a thermal constants analyzer ("Standard Laser -
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.For X-ray diffraction neasurenent, X-ray characteristic to CuK a , was
used. In addition to ordinary qualitative 10 analysis, neasurenents were
ef fected using a nonochroneter at an applied voltage of 50 kV, a target
current of 200 mA and a scanning rate of 0.2/mn. The width of the

di spergence slit, scatter slit and receiving slit used were 0.5, 0.5* and
0.15 mm respectively. The nunber of integration was 5. The 15 neasurenent
was nade at diffraction angles 20 of from?21.0 to 23.0, from25.0 to.

26. 0, ?% O to 35 0 and from48.0 to 50.0. = For the nmeasurenent of

t hr ee- p(fo"'rﬂ erdl STk r SRTHEANTF s 3 WARE h@RTH9 04 1si BEOGCBE xbF x 3 nm
were cutg % sintered bodies obtained.in Exanples 1 to 6 and
Conpar at ve RSi-dg TeARYTSmens; ¥Rs é“&ﬁﬁpénAﬁ?‘B@F‘%ﬂC%@%D@@Sbend| ng

strengtiy t esstler R ogggggmgxe%%rrag%g £ a‘ﬁc d%?%s%%%rrent wa E%?‘et ﬁte a

Cross hea speed 0 n-accor

neasure copduet i vi ty 5 sintered bo a sheet
of dISC ape ggg%gghqﬁaV|ﬁg aEdl neter % éﬁ1éﬁd%§ %ﬁifwﬁess of 1
TN V8S Clndtle 1 die o1 ehginebodLeg ¢ t@é e AR A%l LRy 6 and

Conparative Exanplés 1 ‘and 2. Using a erma Const ant s anal'yze

(" St andar d.d asey spbkéiwiFl ﬁéEthgﬁﬁ’ELt@é"ﬁ& apt ss Aned YNk Her0Qy Broduced by
Shi ku-Ri ko I'nc.), neasurenment was made in accordance with JIS "R 1611. The

measur erfgiR SPRELEENNCEO sigitjesmtiee tbectiemal conduby iviieyequelté bulk = a ¢ p
(in which k is the thermal 5 conductivity, a is the neasured val ue of
t her mal S84 A A% ythe specimen was measured by Archimedes’ method.
Further, the relative density of the sintered body was
10 calculated from the bulk density measured by Archimedes’ method.
The theoretical density of the sintered body was calculated on
the assumption that the sintered body consists of zinc sulfide,
silicon dioxide and zinc oxide. In some details, as the
theoretical density of zinc sulfide, silicon dioxide and zinc
15 oxide there were used 4.09 g/cm’, 2.20 g/cm® and 5.78 g/cm’,
respectively. As the theoretical density of the sintered body,
there was used 3.67 g/cm’ for Comparative Examples 1 and 2, 3.68
g/cm’ for Examples 1 to 4 or 3.74 g/cm’ for Examples 5 and 6.
For the evaluation of sputtering properties, Ian RF
20 magnetron sputtering apparatus was used. In some details,
sputtering was effected at an argon pressure of 0.4 Pa and an
applied sputtering power of 300 W for 1 minute. Sputtering was
further effected until the life of the target expired at an argon
pressure of 0.4 Pa and an applied power of 300 W. Under these
725 conditions, the sputtering target was examined for cracking.
Figs. 1A to 1C show the X-ray diffraction profile of the:
sintered body thus -obtained. Fig. 1A shows the x-fay :

diffraction profile of Comparative Example 2, which is free of
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.Cis the specific heat capacity and p is the bulk density of the specinen)
to determne the thermal conductivity. The bulk density of the specinen
was neasured by Archi medes' nethod. Further, the relative density of the
*sintered body was 10 calculated. fromthe bul k density neasured by

Archi medes' nmethod. The theoretical density of the sintered body was

cal cul ated on the assunption that the sintered body consists of zinc

sul fide, silicon dioxide and zinc oxide In sone details, as the
theoretjcal d nS|ty of 2|n sul fide i_con.di oxi nd c_15 oxide
her o veb8: 0T W it e o g T R g 85 80 %é%;m Rly. As
the thegre |ca y e Vi re g/ cm
for Con%argaf‘l Vet génllﬁ%easg eé %&&g %gdzafdl 1f%}r%(gsExa*"An,fg)ﬁe § 1go"ggor 3.74
g/cm  fopoBye %ﬁf‘%ﬂ&%ﬁm E%f&*ﬂ% S¥ al tat Lflslceé; 69f iR R 6 LR Q&@é’&‘”' es, an

RF 20 nagnetro sputtering apparatus was In sone det ai

sputter kpguntsoeizhecied atsan B ¥4 .PIESKiRdOEabed the aﬂﬂfﬁé\ctf@@| i ed
sputtering power of 300 Wfor 1 mnute. Sputtering was further effected

untid t peakidf tife thmpbdbaigetoedds bEdz dhc andsdgbhcopr essl ehef obhdr Pa and an
applied power of 300 W Under these .:25 conditions, the sputtering target
was exarififdatsionr pelaksg.ardi ghose Aofo hiGhs Hemmpars taneayt e f 288E i on
profile of the sintered body thus obtained. Fi 1A shows the X-ray

di ffracﬁpéﬁlsfaof iTE%f ddriparddt ishevsahs &-Fay w%.léﬁrﬁgtf-%epé@fl&% ZnO.

Fi g. hows the X-ray diffraction profile of Exanp 4, in which the
added aﬁgﬁﬁﬂnﬁﬁ %ﬁt)?g 1mﬁ9§ur§9§n:u§¥4ﬁﬁwt ?héa%er£WQﬂ¥?%%ﬁﬁlﬁﬁ profile
. of Exa ich the added anount Zn0is 5w% In Fig. 1C X

i ndi cat §“FH8“&ET? Q¥ Syrich show condltlons of angles 20 from 21.0

10 to 23.0, from 25.0 to 26.0, from 31.0 to 35.0 and from 48.0 to
50.0, respectively. In Figs. 2A to 2D, symbols a, b, and c
indicate the X-ray diffraction profile of the sintered bodies
obtained in Comparative Example 2, Example 4 and Example 6,
respectively.

15 Table 1 shows the comparison of the position of
diffraction peak obtained from the X-ray diffraction profile
of the sintered body obtained in Example €& with that of zinc
orthosilicate (2n,Sio,) (ASTM 8-492). As can be seen in these
figures and table, the sintered body containing 2Zno

20 incorporated therein shows diffraction peak at least at 3.49A,
2.84A and 2.64A, possibly demonstrating that zinc orthosilicate
(2n,510,) is formed.

All these results are about those sintered at a
temperature of 1,150°C. Almost the same results as mentioned

25 . above were obtained with the X-ray diffraction profile of the
sintered bodies obtained in Comparativé Exémple 1 and Examples

3 and 5, the sintering temperature of which was 1,100°C.
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.5 peak of the conposite oxide of zinc and silicon. Al the other
diffraction peaks are those of high tenperature type zinc sulfide. Figs.
2A to 2D shows the X-ray diffraction profile obtained by the neasurenent

~“under the same conditions as nentioned above, which show conditions of
angles 2 6 from21 ..0 10 to 23.0, from25.0 to 26.0, from31.0 to 35.0 and
from48.0 to 50.0, respectively. In Figs. 2Ato 2D, synbols a, b, and c
indicate the X-ray diffraction profile of the sintered bodies obtained in

Conpar ati ve Example 2, EX |l e 4 and Exanple 6, . respectively. 15 Table 1
shows the conﬁé%ggﬁso]f at@po%?‘f*? oF Bhlggiqql?taﬁr‘tr}%ﬁnﬁeh’k BHeBPRRYE from t he
X-ray diffraet] profile .Qf the . sintere ody_obt ai ned in le 6
“WwWith't hg% gfgz‘f’ﬁg’ é(’)hr(?"ﬁtflsc‘l Idilgéftreac(tiﬁfspﬁﬁ ((bxh 1-8@91)9551.‘:,&50 Eﬁﬁngﬁ seen in
these Ebaphes tanthkiabhbes B8 SH4Y eh8HaLLdY; o LRgQr por at ed
therein shgms diffractioﬁlpeak at Feag? ggyégegngnggéﬁ%ggﬁga5&%%K,
possi bl yygemensicr auilFddehat zinc orthosilicate (Zn2Si4) is fornmed. All
these results are about those sintered at a tenperature of 1,150C Al nost
the Same resubsstae pestlosedf Compbeae werexnild mednd ERahpeeX- §ay
diffraction profile of the sintered bodies obtained in Conparative Exanple
1 and Eradpléesard anduStrahedsibyt evdayngof eegemaier anofthéi ghapias£ar100C. 19
Exanples 1 and 2, each of which contains ZnOin an amount of 0.5 wt% show

no di f f diffirestpoakangheatPenifstromtil ZoMB6Ff oL dtgoskCe momalefbesedes t hat

characteristic to high tenperature_ type zinc_ sulfide.
sintered bodies of Examples 1 to 6 and Comparative Examples 1

and 2 shows (200) diffraction (26 = 33.1° (d = 2.705A4)) from

10 low temperature type zinc sulfide having zincblende structure.

Table 1
Example 6 Zn,Si0, (ASTM: 8-492)

20 d a d A 1/T, hkl
- - 4.100 17 211
22.0 4.037 4.026 33 300
25.58 3.490 3.486 81 220
31.5 2.838 2.834 97 113
34.0 2.635 2.634 100 140
- - 2.318 47 223
48.9 1.861 1.859 36 333

Table 2 shows the preparation conditions such as added
amount of Zn0, sintering temperature and sintering pressure in
Examples 1 to 6 and Comparative Examples 1 and 2 and their results

15 of the three-point bending strength, thermal conductivity,
relative density, occurrence of cracking during sintering and
in evaluation of sputtering properties, etc.

As can be seen. in Table 2, the sputtering targets
c-ontaining Zn0 incorporated therein in an amount of from 0.5

20 to5wt% (Examples 1l to6) exhibit a threé—-point.-bend-ing strength
of not less than 60-MPa, a thermal conductivity.of not less than

9.8 W/m 'K and a relative density of not less than 95% and thus

20



.5 As the results- of Conparative Exanple 2 and Exanples 4 and 6 are
illustrated by way of exanple in the graph for diffraction angle 20 of
from31l to 35 of Fig. 2C, none of the sintered bodies of Exanples 1 to 6
“*‘and Conparative Exanples 1 and 2 shows (200) diffraction (29 = 33.1 (d =
© 2.705A)) from 10 |l ow tenperature type zinc sul fide having zincbl ende
structure. Table 1 Exanple 6 Zn2SiO4 (ASTM 8-492) 2 Bd Ad AIl/I1 hk
4.100 17 211 22.0 4.037 4.026 33 300 25.5 3.490 3.486 81 220 31.5 2.838
2.834 97 élB 34.0 2.635 2.634 100 140 - - 2.318 47 223 48.9 1.861 1.859
36 333 U Slfaoznghmclfh%gm%tﬁhrda&m@ﬂ ééﬁ@ﬁﬂ@ﬁsars@:csp@ge;dd@d a@ount of
ZnQ, SI?%GFI%& ure and sjintering pressure . in Exanples 1 to 6 and
Conpar a 5P %rﬁf%%%é%gﬁééuﬁ{ge af 250 { RemPREBELPSI nt

bendi h d I d f

or acki R GRFTNG 37 n?Z PRl R S TR T 1 W s T PapErFl o, et c.
As Ty , t

ncor por ot Sat TAGY of e 2 té{‘%ﬁ‘&*%‘*??é%%%?g%% %09 %%ﬁa'@%eiaﬁg?es 1 to

6) oxhi vk a LLE-ROl N ReAdRG L5l LRI, OF o Nolad §5°6LNAM G0NEE, 8 T her mal

conductivity.. ess t han re 9 of not
| ess thaﬂaeﬁ%hgndu&hu§ sdditering. The sputtering targets prepared

from the sintered bodies left uncracked undergo cracking during
sputtering. Referring to the observation of the amount of
particles produced during sputtering, the sputtering targets
10 prepared in Examples 1 to 6 show very little production of
particles and exhibit very good performance as compared with

those of Comparative Examples 1 and 2.

Table 2
R Comparative
Target Examples Examples
1 2 3 q 5 € 1 2
Added amcunt of Zno
(wt¥) 0.5 0.5 1.0 1.0 5.0 5.0 o} o}
Sintering 0
temperature (°C) 1100 1150 1100 1150 1100 1150 1100 1150
Presaure
(kg/cm‘) 200 200 200 200 200 200 200 200
Relative densit
) Y| 95.4 | 97.1 | 9715 99.0 | 97.9 | 99.3 | s3.3 | 9s.¢
Three-point
bending strength 60 66 68 78 70 80 46 56
{Mpa)
Thermal
conductivity 9.8 10.8 11.2 12.4 11.6 12.8 8.0 9.5
(W/m*K)
Cracked during
aintering? No No No No No No Yen Yes
Cracked during
Sputtering? No No No No No No Yos Yaa

As mentioned above, in accordance with the present
15, 1invention, a sintered body containing zinc sulfide and silicon
| did_xide as main components having a very high sintered density,

a highlnechanical strength and a high thermal shock resistance

can be obtained. The sintered body according to the present - -
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.undergo no cracking both during sintering and sputtering. On the contrary,
the sputtering targets free of ZnO (Conparative Exanples 1, 2) exhibit a
‘three-point bending strength of not nore than 56 MPa, a thermal
‘conductivity of not nore than 9.5 5 Wmx and a relative density of not
more than 95. 6% and undergo cracking during sintering. The sputtering
targets prepared fromthe sintered bodies |eft uncracked undergo cracking
during sputtering. Referring to the observation of the anpunt of
partlcles duced d sput t rln the sputtering targets 10 prepared in
Exanpl es™ e[”g“é’“s o %x%r“%%‘% (34 o%\ﬁfochrbffg tpagetctegdynataghi-bi t very

d d wi th Co t Exampl es 1 and 2.
SR ke b e %%@ﬁ%?@%? S ERokbE ”%%é%a'té%vgﬁgaasz anount o
ZnO 0. 5 4 0 t t 1100 1150
1100 1186 I%f’édsq% %?LgSIE’?[%f% Pr%gs@tfrgé%'f“ rﬁ%ﬁ’&é"* 00 %’6%5‘%6‘ 60 200 200

200 Rel J 3 5
20, o RS 5L 38 Sl P, W 55 . T po

5 ' divided into a plurality of target materials, making it easy -
to produce a sputtering target at a low cost.

The sputtering target according to the present invention
undergoes no cracking during its preparation, thereby making
it possible to drastically raise the yield in production. In

10 addition, a sputtering target having a Very high density can
be obtained. Such a sputtering target exhibits a high strength
and excellent thermal properties. Accordingly, the use of such
a sputtering target makes it possible to form a film invariably
at a high speed without cracking even when sputtering is

15 effected at a high sputtering power.
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.conductivity 9.8 10.8 11.2 12.4 11.6 12.8 8.0 9.5 Wmx Cracked during
ainterin ? No No No No No No yea yea Cracked during Sputtering 7 No No No
No No No Yes yen As nentioned above, in accordance with the present 15..
‘invention, a sintered body containing zinc sulfide and silicon dioxide as
mai n conponents having a very high sintered density, a high nechani cal
strength and a high thermal shock resistance can be obtained. The sintered
body according to the present 21 invention can be used to forma

sputteri target. to advantage. |In particular, in accordance with the
presentEﬁﬁgéﬂﬁgéﬂﬁuéﬁﬁLdﬁﬁé-sized sintered body can be easily prepared. For
exanple, a cqlunn r or %risnatic sintered bqdy (ingot) may be cut and 5
divided into & pl utafPy 6 % gbRTHat eFPEIPS ISHARI iy PLNERESE bOdEr oduce a

sputteri I : t..; ering target according to the
pr esent %\#erﬁit%g{r? QER eér‘g%\%g&)%b S&E&%ﬁ?‘ﬁékéﬁfr?ﬁgﬂf? PrEpatas 8Pf,g'dieher eby
maki ng dft fiesSidde 4iq iHAstically raise the yield in production- In 10
addition, a sputtering target having a very high density can be obtained.
Suchsa sputtering target exhibits a high strength and excellent therma
properties. Accordingly, the use of such a sputtering target nakes it
possi ble to f@rm @héisputveningbtayrget azdeirdingpeed- i ihout weeaekihng even
when sputtering is 15 effected at a high sputtering power. 22

a relative density of said sintered body is not less than 95%.

3. The sputtering target according to claim 1, wherein
10 a total amount of zinc sulfide and silicon dioxide is not less

than 90wt3

4. The sputtering target according to claim 1, wherein
amolar ratio of zinc sulfide to silicon dioxide is in the range

15 of 90 : 10 to 70 : 30.

5. The sputtering target according te claim 1, wherein
said composite oxide of zinc and silicon has an X-ray

- diffraction peak at 3.49A, 2.84A and 2.64A.

20
6. The sputtering target according to claim 1, wherein
said composite oxide of zinc and silicen is zinc orthosiiicate
(Zn,510,).
25 - . 7. The sputtering target-according to claim 1, wherein

a ratio of integrated intensity (I,4(200)) of (200) diffraction

of low temperature - type zinc sulfide ‘having: azincblende

structure to integrated intensity (I 2 (100)) of (100)
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JMhat is claimd is_ 1. A sputtering target conprising a sintered body
conprising zinc sulfide, silicon dioxide and a conposite oxide -of zinc and
silicon. 5 2. The sputtering target according to claiml1l, wherein a
‘relative density of said sintered body is not less than 95% 3. The
sputtering target according to claim1, wherein 10 a total anount of zinc
sulfide and silicon dioxide is not less than 90w % 4. The sputtering
target according to claiml, wherein a nolar ratio of zinc sulfide to

il t.h 15 of 90 1 0,..30. 5. Th
:Lu;fgplggg?ag%éfiacgb el%%%#QﬁEﬁTﬁ%? %%ﬁﬁe?h“cs%?ﬁfﬁgﬁpggY%%Sgiide of
f K 3. 49A, 84A d 2. 64A.
gbng a$ 8%§p&%%2r|%8ctaF6%t Qéﬁg f'ngte b ?@?g?§+&a mﬁ@yegﬁf%gé?ﬂlggnp05|te
oxi de OfredkR¢cARALSLlF €¢QR 's%.nzc'e'}%do'i:t)g?swlﬁ fidkenokdNe PhY) 02> 7. The

sputtering target according to claiml rein aratio of Integrated
intensity (lI,e ( 200)) of (200 ) diffraction of. |low tenperature type
zi nc, sul fi de havi ng azi ncbl ende structure to integrated intensity (I a
(10®) of (108) 7PRedigfutantimn tafrgutghcterienat tis & taipe 1Zi WBesulhi de
having a wurtzite structure (1Q200)/ 1,(100)) in X-ray diffraction
measur eRntlegistt ensi of etbd Bodyows ngotremwrigemearts0. (A1), and (2) is

satisfied:
(1) a three-point bending strength of the sintered body
according to JIS R 1601 is not less than 60 MPa; and
10 (2) a thermal conductivity of the sintered body accerding

to JIS R 1611 is not less than 9.8 W/m<X.

9. The sputtering target comprising zinc sulfide and
silicon dioxide, wherein at Jleast one of the following
15 requirements (1) and (2) is satisfied:
(1) a three-point bending strength of the sinteredlbody
according to JIS R 1601 is not less than 60 MPa; and
(2) a thermal conductivity of the sintered body according
to JIS R 1611 is not less than 9.8 W/m«X.
20
10. The sputtering target according to claim 9, wherein
a ratio of integrated intensity (1,(200)) of (200) diffraction
of low temperature type zinc sulfide having a zincblende
structure to integrated intensity (I , (100)) of (100)
25 diffraction of high temperature type zinc sulfide having a
wurtzite structure (I (200)/ I,(100)) in X-ray diffraction

measurement of the sintered body ‘is ‘not more than 0.01.
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.5 8. The sputtering target according to claiml1l, wherein at |east one of
the following requirenents (1) and (2) is satisfied: (1) a three-point
.bendi ng strength of the sintered body according to JIS R 1601 is not |ess
‘than 60 MPa; and 10 (2) a thermal conductivity of the sintered body
according to JIS R 1611 is not less than 9.8 Wmc. 9. The sputtering
target conprising zinc sulfide and silicon dioxide, wherein at |east one
of the following 15 requirenents (1) and (2) is satisfied.: (1) a '

t hr ee- poi nt bﬁgdin hstren th of the sintered body according to JIS R 1601
is not less than 6 ﬁm%ﬁ“é%ﬁf%@ﬁ TRTGRer ABFOESHBCS GLa§MSF, whersint ered

body accordi .. t0.J1S R 1611 i.s, not less than 9.8 Wmic. 20 10. The
sputter%nég?ggég P\ %+§§68¥F81€|aﬁﬁFﬁFeamE9€§|+s BoFat$ts ShamPedr at ed
intensity (I A(200)) of (200) diffraction of |ow tenperature type zinc
sul fide having a zincblende structure to integrated intensity (I a (100))

of (100) 25 difl.raciigpuetehish LarBeraldfditisa? N0 stbllde gyl ng a

wurtzite structure (1Q200)/ 17(100)) in X-ray ffraction nmeasurenent of

the 3i ntempd isddyy zSnaciulbide ahdns 91 0don 2 oklidelhon sEHtiLbBEakBRICT -
according to claim9, wherein a relative-density of said Sintered body is
not | es®yt Hantesingla. mikepdvetenptaigeid benPixshdt isicntareddbody 5
conprising zinc sulfide and silicon dioxide, which is prepared by

si nt er | R§VESH x&d Spdigen dirxiided poydsirxiang a ziine sulifiedpowder.

13. The sputtering target according to claim 12, wherein
10 said mixed powder is sintered at a temperature of not lower than
the temperature of transition of zinc sulfide from zincblende

structure to wurtzite structure.

1l4. The sputtering target according to claim 12, wherein
15 a content of zinc oxide powder in said mixed powder is in the

range of 0.5 to 5 wt$%

15. A process for preparation of a sputtering target
comprising the steps of:
20 mixing a zinc sulfide powder, a silicon dioxide powder
and a zinc oxide powder, and

sintering the mixed powder thus obtained.

16. The process according toclaiml5, wherein said mixed
25 powder is sintered at a temperature of not lower than the
temperature of transition of zinc sulfide from:zincblende

- Structure to wurtzite structure.
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.powder, a silicon dioxide powder and a zinc oxide powder. 13. The
sputtering target according to claim12, wherein 10 said m xed powder is
sintered at a tenperature of not lower than the tenperature of transition
“of ~zinc sulfide from zinchlende structure to wirtzite structure. 14. The
sputtering target according to claim12, wherein 15 a content of zinc

oxi de powder in said m xed powder is in the range of 0.5 to S w%15. A
process for preparation of a sputtering target conprising the steps of: 20
m Xxing a zinc |f|ﬂ owder, a silicon dioxide powder and a zinc oxide
powder, and 5| ter FAG &h%c?ﬁ%(é&c;%\ﬁd@ﬂ FhF3 3B hgné’dlef%!l TRensestess
accordi I erein sald m owder is sintered at a
terrpera’?%r %9'8 gkg]d%cﬁ/\ew‘?ﬁdﬁ Ph&d ‘grpzft“&eépbfs 7 Si-ti BR P t2i-nc

sul fide froni zincbl ende structure to wrtzite structure. 25 17. The
process according to claim15, wherein a content of zinc oxide powder in

said mxed pouder ifielgasedsd d:orditih b1 dhf 1B OGRS 2EGHLL0G -0 clalm

15, wherein the zinc fi de powder” has an average par F'Sneter of

not ¥or sulifdnie powger maﬁlaxtmyéip@rtﬁele@/ﬂ@deﬂa«so%o%V:ﬁ‘JP@%hQﬁft icle

di anmeter of not nore than 10 pm and the zinc oxi de powder having an

aver age lfaran c| eheli af@tiepnofdinotidergoudean Wapnan26verage particle
diameter of not more than 10 um and the zinc oxide powder having

an average particle diameter of not more than 5 pum.
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