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TARGET Background of the Invention 5

invention relates to a target of sputtering for formng a protective film
on an optical recordi ng medi um (hereinaft®r referred to as an optical
recordi ng protective film and a process for preparing the sane.
More particularly, it relates to a sputtering target for optical
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on an optical recording medium (hereinafter referred to as an optical recording protective
film) and a process for preparing the same. More particularly, it relates to a sputtering
target for optical recording protective film formation, which is prepared by high-temperature
hot pressing using fine SiO, powder, which has high strength and generates little dust or
10 particulate matter during sputtering and therefore stands up to long-term use, and a process

for preparing such a target.

Optical recording media, such as optical disks, which carry out recording and
deletion of information based on reversible phase transitions of a thin film of Ge-Sb-Te, Ag-
In-Sb-Te, etc. caused by an optical beam have a protective film on both sides thereof and a

15 reflective film on one side thereof with the other side being the substrate.

It is known that a dielectric thin film comprising ZnS and SiO, formed by sputtering

can be used as such a protective film as disclosed in Japanese Patent Application Laid-Open

No. 27672/88 and Japanese Patent Publication No. 36164/92. The diclectric thin film
comprising ZnS and SiO, has been widespread as a protective film because it possesses

20 almost every required characteristic, such that the refractive index falls within a desired

range, the thermal conductivity is low, and it does not absorb laser light.

Thin film formation techniques can be adopted to the formation of the ZnS-SiO,
protective film, and sputtering is a prevailing technique. As to the target of the sputtering,
Japanese Patent Application Laid-Open No. 65725/94 proposes a process for producing a

25  sputtering target comprising uniformly mixing high-purity zinc sulfide powder with 20 mol%
of high-purity silicon dioxide powder, pressing the mixed powder, and firing the green body.

Primary characteristics required of the sputtering target include resistance to
breakage against high sputtering power and generation of no dust (or particulate matter).



It *is known that a dielectric thin filmconprising ZnS and SiOCerr] forned

by sputtering can be used as such a protective filmas disclosed in
Japanese Patent Application Laid-Open No. 27672/ 88 and Japanese
Pat ent Publication No. 36164/92. The dielectric thin film conpri sing
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however, failed to sufficiently prevent dust generation or to effectively prevent breakage of

the target.

10 Summary of the Invention
Accordingly, an object of the present invention is to provide a target of sputtering for
optical recording protective film formation which has high strength and generates little dust
or particulate matter and therefore withstands long-term use and a process for preparing the

target.

15 As a result of studies, the present inventors have found it important that the target
should have a smooth surface after sputtering in order to prevent dust generation. They
have reached the finding that a sputtering target which has high strength and maintains a
smooth surface after sputtering under given conditions can be obtained by selecting fine
powder as an SiO, raw material and pressure sintering mixed powder at high temperature for
20 densification and thus accomplished the above object.

Based on the above findings, the present invention provides a target of sputtering for .
optical recording protective film formation which has a surface roughness (Ra) of less than
2.4 after sputtering.

The present invention also provides a preferred process for preparing the above-

25 described target of sputtering which comprises mixing ZnS powder and SiO, powder and
hot pressing the mixed powder, wherein the hot pressed SiO, has an average particle size of

2 pym or smaller, and the hot pressing is carried out in an inert gas atmosphere at a
temperature of 1200°C or higher. -



of ten needed, such as a change of the target, which inpairs the
productivity of optical nedia, such as optical disks. The increased
frequency of changes of the target is also an econoni cal

di sadvant age. 5 Attention being paid to the crystal structure
of zinc sulfide, Japanese Patent Adpl i cation Laid-Open Nos. 81954/98
and 81960/ 98 propose net hods of preventing generation of dust (or
particulate matter) froma sputtering target. The proposed net hods,
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Fig. 6 is a’'graph showing the relationship between the average particle size of SiO,
raw material powder and the surface roughness (Ra) after sputtering and the number of
non-defectives.

15 Fig. 7 is a graph showing the relationship between the surface roughness (Ra) after

sputtering and the number of non-defectives.

‘Detailed Description of the Preferred Embodiments
The present invention will be described hereunder in detail. The target of sputtering
for éptical recording protective film-formation (hereinafter simply referred to as a sputtering
20 target) according to the present invention is made of ZnS and SiO,, containing 10 to
30 mol% of SiO, based on ZnS.

The sputtering target of the present invention has a surface roughness (Ra) of less
than 2.4 after sputtering. With the surface roughness (Ra) exceeding 2.4, nodules will be
formed to such a size that can cause dust, and dust, being ascribed to the nodules, easily

25 scatters from the surface of the target on sputtering.

It is preferred for the sputtering target to have a bending strength of 8.5 kgf/mm? or
more. With a bending strength less than 8.5 kgf/mm?, there is a fear that the target may be
brokeén under high sputtering power.

The process of preparation according to the present invention is described below.



2.4 after sputtering. The present invention also provides a
preferred process for preparing the above- 25 descri bed target of
sputtering which conprises m xing ZnS powder and SiJerr] powder and

hot pressing the m xed powder, wherein the hot pressed SiJerr] has an

average particle size of 2 [err] of smaller, and the hot pressing is
carried out in an inert gas atnosphere at a t enper at ure of

1200[ err] C or hi gher.
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The ZnS powder and the SiO, powder are separately mixed with water and ground in
a bead mill, etc. into fine powder having a desired particle size. The two slurried powders
10 are mixed, filtered by suction, and dried in the air at 400°C, at which the powder is not

oxidized, to remove water, hydrogen sulfide, and sulfur oxides.

The ZnS-SiO, mixed powder is hot pressed (i.c., pressure sintering) in an inert gas
atmosphere, preferably an argon gas atmosphere, at 1200°C or higher, preferably 1200 to
1300°C. At temperatures below 1200°C, it is difficult to sinter the fine SiO, powder,

15 resulting in a failure of obtaining a high-strength sputtering target.

The hot pressing is preferably performed by, for example, elevating the temperature
up to 1100°C in vacuo to remove sulfur oxides, then introducing argon gas into the firing

furnace, and pressure sintering the powder at 1200°C or higher.

The thus prepared sputtering target maintains a smooth surface even after sputtering

20 under given conditions and has high strength.

The present invention will now be illustrated in greater detail with reference to

Example and Test Example.

EXAMPLE 1

ZnS raw material powder (4.33 kg) having an average particle size of 6.3 um was
25 mixed with 90% by volume of water. The density of the ZnS raw material powder being
4 g/cc, the mixture comprised 1083 cc of ZnS and 9747 cc of water. The mixture was



the target obtained in Conparative Exanple 3 after sputtering.

Fig. 6 is a graph showing the relationship between the average particle
size of Sierr] raw nmat eri al powder and the surface roughness (Ra)
after sputtering and the nunber of non- def ectives. 15

Fig. 7 is a graph showing the relationshid between the surface roughness
(Ra) after sputtering and the nunber of non-defectives.

Det ai | ed Description of the Preferred Enbodi nents The present
i nvention 'cbdndbﬁa adsad infil dndlénge Bnpissesi dveded #othl rebldendeatiget ofod nsmites. erTheg

for optlcal cor otective filmfqrnati ereinafter sinply
referred t6 gﬁ}?‘fvgéqut}?@&%aver?gfr@éﬁ%5’@%8?%??1’5“1o the present invention
is made of ZnS and Si 2, containing 10 to 30 nol % of Si Q2 based on

ZnS. The sputtering target of the present invention has a
surf ace roughneskpéReely, dD00 es of water wastpmaredthb 067 dug of[8iD} eaw npyteridl pbwidre
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25 scatters fromthe surface of the target on sputtering.

It is preferred for the sputtering target to have a bending strength of 8.5
kgf / m® or TherdnScaquabusslarrp andlithg S, ragogeus shasy wereamib@dsstirgéd mePbead

pover - il ind WiSwdd ' WEROR, T Spermagnt LRI MR Wl iR S D
i nventi on |f§tenbdsby|5baublbahd)vdned in the air at 400°C The resultmg mixed powder was
preliminarily pressed at 50 kgf/cm?, evacuated, and heated up to 1250°C over 80 minutes.
At 1100°C argon gas was introduced to one atmosphere. After a temperature of 1250°C
10 was reached, the pressure was increased to 300 kgf/cm? over 5 minutes, under which the
powder was maintained for 60 minutes. The pressure was removed over 3 minutes, and

the furnace was cooled to obtain a sputtering target.

The SiO, in the target was found to have an average particle size of 2.0 um or
smaller, and the density of the target was 3.67 g/cc. The target was evaluated in terms of
15 surface roughness (Ra) after sputtering, bending strength, and the number of non-defectives.
The results of evaluation are shown in Table 1 below. The electron scanning micrographs
(500x and 5000x magnifications) of the surface of the target after sputtering are shown in
Figs. 1 and 2, respectively. '

COMPARATIVE EXAMPLE 1

20 A sputtering target was obtained in the same manner as in Example 1, except for
using SiO, raw material powder having an average particle size of 6.2 pm (quartz grinds).

The target density was measured, and the target was evaluated in the same manner as
in Example 1. The results obtained are shown in Table 1. The scanning electron
micrograph (500x magnification) on the surface of the target after sputtering is shown in Fig.

25 3.



4 - ' The SiJerr] raw material powder should be such that has an
average particle size of 2 [err] or smal l er after sintering.
Sigerr] raw material powders that have an average particle size of

2 [err] or smaller after sintering include grinds having an average
particle size of 2 Imor smal ler o6 an SiJerr] raw material, such
as quartz, and agglonerates of SiJerr] powder which can 5 be

defl occul ated by m xi ng and grindi ng. Aggl onerates include Aerosil

avai l able from N ppon AqrOMPARRTIVE EXAMPEESNS raw naterial powder
used usual ly has an average particle size of about 2 to 6 [err].

The ZnS powder and the Sigerr] powler are separately m xed with water and
ground in Zn$ penmatarial PO‘é‘fl‘Ef (%ﬁ@»hwgpﬁvmag@amr%}e &izg &fi&-2ym and

particle sige, rawgaﬁc‘fﬁl dddr (9%79%2%‘ ViE % S¥ifg AR aver V\giﬂlél@@lzefdglsgefﬁﬂ Wete mixed

suction, and fried in t e ar wder i s not
oxi di zed, ti® 7 debvaillailde, resylting gaixe mdfé W@mreélmmqyﬂy Presged at 50 kgffem?,

The Zn§ Si @&, fla¥&d aaa)wa%d P ts@bom: %%é.esls frinftes, aPWRRAURE ng§%§ﬁﬁh£‘ﬁ)a1ﬂt£ln@d‘

i nert gas a nosp her e, pre erab y an ar on gas at her e
1200] er r ] C for Shmimuses; g%&qréﬁammyteim the time when 1@0@{@?@}@6 reached A Cathe es
bel ow 1200[}'5?55%111@ wés mbr%aéiﬂftg'ﬁglkkf/ﬁzﬂz 5{/&12&1 miifes! | Ptertifd 80 flin?ONEE pesslnrg

resulting in a failure of obtaining a high-strength s(;j)utterlngtar
at 900°C, the pressure was relieved over minutes, followed by cooling the furnace to

obtain a sputtering target.

10 The target density was measured, and the target was evaluated in the same manner as
in Example 1. The results obtained are shown in Table 1. The scanning electron
micrograph (500x magnification) of the surface of the target after sputtering is shown in Fig.
4.

COMPARATIVE EXAMPLE 3

15 ZnS raw material powder (4.33 kg) having an average particle size of 6.3 pm and
SiO, raw material powder (0.67 kg) having an average particle size of 25.1 um were mixed
in a ball mill. The resulting mixed powder was preliminarily pressed at 50 kgf/fcm?
evacuated, and heated up to 1000°C over 90 minutes, at which the powder was maintained
for 120 minutes. After 20 minutes from the time when the temperature reached 1000°C,

20 the pressure was elevated to 300 kgffcm® over 20 minutes. After the 120 minute hot
pressing at 1000°C, the pressure was relieved over 2 minutes, followed by cooling the

furnace to obtain a sputtering target.

The target density was measured, and the target was evaluated in the same manner as

in Example 1. The results obtained are shown in Table 1. The scanning electron

25 micrograph (500x magnification) on the surface of the target after sputtering is shown in Fig.
5.



The hot' pressing is preferably perfornmed by, for exanple, elevating the

t enperat ure up to 1100[err]C in vacuo to renove sul fur oxides, then
i ntroduci ng argon gas into the firing furnace, and pressure
sintering the powder at 1200[err] C or higher. The thus
prepared sputtering target maintains a snooth surface even after sputtering
20 under given conditions and has hi gh strength. The
present invention will now be illustrated in greater detail with reference
to Exanpl e and Test Exanpl e. =1
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gr ound i'n a bead nill maki ng 3 passes over a total residence tinme of 4

m nutes. The resul ting ZnS powder had an average particle size of
2.5 [err]. Separately, 1000 cc of water was poured into
0.67 kg of SiJerr] raw materi al powder havi ng an average particle
size of 2.0 [err] (Aerosil OX50), and thesm xture was stirred well. 5
The ZnS aqueous slurry and the SiJerr] aqueous slurry were m xed, stirred
in a bead mll, and allowed to stand still. The supernatant |iquid
was renoved, andak i n
was [emved. and Thesgiéesrglﬁt@ﬁ Table, 1, bkl B8 ERmBT hRl's Mol kihdeudlel®
pressed at SRyttkigng and @rhigh bv@dmaaste@gﬂana cnmaared vmhﬂw qczm[rame] t@rgimer A0a

m nut es. roduced to one atnosphere.
After a terr%g?]gttﬁ%%&%Qg[og?g%g??f%&%l%éaswgréaggched, the pressure was .
increased to 300 kgf/cnferr] over 5 m nutes, under which the powder
was mai ntained for 60 mnutes. The pressure was renoved over 3 mnutes, and
the furnace was cooled to obtain a SIRNT EXANPLEr get . The
S10[err] in the target was found to have an average particle size of 2.0

[err] of ‘PirgbisSbere @Bﬁh}ﬂeﬂ% %‘é‘ﬁrﬁé’ nfahndr N8 i E9E Ele"ﬁa%aee&?oxg(/&gmg-mg

target was evaluated in. ter surface roughness

sput t er i ng, 2V5EA8G; PRgticle rséﬁ'?gf’gs fa§epz FRW Anaterddl perwdesn- The é@J@ilQALSblp between thahe

| t f
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target aft esnb‘ﬂlb%f’& RgnAletectygsis Sl’“ﬂwn in Fig. 6.rj The re;l_atmhm betwegretitei snefage
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t he sape manner, as I%x rg) 1, except . .
10 seen from Flgs and 7, as the average particle size of the SiO, raw material powder

becomes smaller, the surface roughness decreases, and the number of non-defectives
increases.

As described above, the sputtering target for optical recording protective film

formation according to the present invention, being excellent in strength, is hardly broken,

15 generates little dust or particulate matter during sputtering and eventually stands up to long-

term use. The process of the present invention provides the sputtering target with good
productivity.



using Sigerr] raw materi al pomder havi ng an average particle size of 6.2
[err] (quartz grinds). The target density was neasured, and
the target was evaluated in'the sane manner as in Exanpl e 1. The
results obtained are shown in Table 1. The scanning el ectron

m crograph (500x magnification) on the gurface of the target after
sputtering is shown in Fig. 25 3.
6 COVPARATI VE EXAMPLE 2

ZnS raw material powder (4.33 kg) having_an average part ﬂl“@“m“ Uwum
[err] and Sigerr] raw rrateriaﬁlgmﬁer (0.67 kg)

particle size of 58.7 [err]mwere m xed inaball mll. The
resulting m xed powder was prelimnarily pressed at 50 kgf/cnferr], 5

evacuat edj, andAh@@eEdf%gmttbﬁngﬂﬂ[f&hﬁlh a @t@ctwmwo tidal Wabmﬁxgtxhedxpmv\der
was malnt&gned utes fromthetlrre when

t he tenpe tt't‘ﬁgS“Paé(H’&?eﬂ‘ %foéllgn}“]‘ ?ﬁﬂé’ less than #‘gggrlﬁpg 7% i ncreased to 300

kgf/cmferr] over 20 m nutes. After the 80 minute hot pressi ng at
900[err]C, the pressure was relieved over 2 mnutes, followed by cooling

the furnage t oA process fobpparity & parptest simtering €r. forming a protective film on an
optical recording medium, which comprises mixing ZnS powder and SiO, powder and hot
pressing the mixed powder, wherein the hot pressed SiO, has an average particle size of
2 um or smaller, and the hot pressing is carried out in an inert gas atmosphere at a

temperature of 1200°C or higher.
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10 - The target density was neasured, and the target was eval uated
in the sanme manner as in Exanple 1. The results obtained are shown
in Table 1. The scanning el ectron m crograph (500x magnification) of
the surface of the target after sputtering is shown in Fig. 4.
COVPARATI VE EXAMPLE 3 15 ZnS raw material powder (4.33 kg)
havi ng an average particle size of 6.31¢err]mand SlC{err] raw

mat eri al powder (0.67 kg) having an average particle size of 25.1 [err]
were m xed inaball mll. The resu}tlng m xed powder was
prelimnarily pressed at 50 kgf/cn{%ﬁ ﬁ evacuated, and heated up to
1000[err] C over 90 mn t ﬂ%ﬁé' ntalned for
120 m nutes. After 20 Lrﬁ“ﬁﬁ% eﬁ %ﬁrl\,{(;gn'ﬂ"rht time en e tenperature reached
1000[err] C, 20 the AROIEANIY ENeSI I SMtARTIABREGYRDENG err] over 20 -
mnutes. After theepdQ MNtHiphdt¥ss ror pREESEING Bie 1POEerr] C the
pressure was relieved over 2 mnutes, followed by cooling the

furnace to obtain a sputtering target. The target denS|ty
was neasured, and the target was evaluated in the same nmanner as

Exanpl e 1. The rAsphiteringtacgeh dor @nt@alsm@ﬁimgwprmmté/elﬁlnrrﬁ@@ngmmmmgaason
25 m crogiamiol, 3ih I%eruifa%'ugﬂﬂese?Ré)*}ﬁléddftﬁé}f‘fﬂ%ef HarteBhGCt e 2EEEL 1)

sputtering i's shown in
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As is apparent from Table 1, the target of Exanple 1 has a smooth surface

after sputtering and a high bending strength as conpared with the
conparative targets. As a result, the nunber of non-defectives

i ncreased greatly. TEST EXAVPLE
5 Targets were obtained in the same nanner as in Exanple 1,

except for varying the average PArticle size of the Sigerr] raw

mat eri al powder. The relationship between the average particle size
of the starting SiJerr] and the surface roughness (Ra) after sputtering
and t he nunber of non-defectives is shown in Fig. 6. The

relatiﬁglqi tz;mee t he surface roughness (Ra) after sputtering and
t he nunb&r H} n;daﬁectl AL R iy seen from
Figs. 6 and 7, as the averys f @] raw material
powder beconmes snal |[; ases, and the

nunber of non-defectives , : \
above, the sputtering tar gesRgy ¢ B L OOt | ve il m
formati on according to t hocaE= e~ Yy @il ent in strength,
I's hardly broken, 15 (o] 52z o o) Neliat e matter during
sputtering and eventual | y & X A ®se. The process of
the present invention prog : Y : good
productivity.
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9 CLAIMS 1. A target of
sputtering for formng a protective filmon an optical recordi ng nedi um
the target having a surface roughness (Ra) of less than 2.4 after
sputtering. 2. A process for preparing a target of sputtering for
formng a protective filmon an optical recording nedium which conprises
m xi ng ZnS powder and Sid err] powder 3id hot pressing the m xed powder,
wherein the hot pressed SiJerr] has an average particle size of 2 [err] or
smal ler, and the hot pressing is carried out in an inert gas atnosphere at

a terrperFlrf &lzogerr] C or higher.
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