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Technical Field

15 The present invention relates a process for
manufacturing a glass substrate for a magnetic recording
medium, to a glass substrate for a magnetic recording
medium which is obtained by the process, and to a
magnetic recording medium which is obtained using the

20 panel. More specifically, the invention relates to a
process for manufacturing a glass substrate for a
magnetic recording medium wherein a crystallized glass
substrate is polished and then washed prior to texturing
treatment, as well as to a glass substrate for a magnetic

25 recording medium which is obtained by the process and a
magnetic recording medium which is obtained using the
panel.

Background Art
Glass substrates used for magnetic recording media

30 such as hard disks must have a high degree of flatness
and smoothness, as well as surface cleanliness. Glass
substrates are therefore subjected to a step for surface
polishing and a subsequent step for washing. The glass
substrates for magnetic recording media which are

35 obtained by such processes are also subjected to a
texturing step as a manufacturing step for the magnetic
recording media.
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extensive washing techniques.
Glass currently used as substrates for magnetic
recording media is largely divided into amorphous glass
15 and crystallized glass, which is designed to exhibit
improved strength by having minute crystal grains
deposited in the glass through a crystallization process.
The use of organic acids or inorganic acids for
washing of amorphous glass substrates is known in the
20 prior art. For example, for manufacturing magnetic
recording medium glass substrates composed of amorphous
glass, there has been disclosed a technique of washing
with oxalic acid after the texturing step (see Japanese
Unexamined Patent Publication No. 2003-212603). Also
25 disclosed is a technique of washing amorphous glass
substrates with oxalic acid after chemical strengthening
freatment (see Japanese Unexamined Patent Publication No.
2004-2163) .
On the other hand, treatment of crystallized glass
30 substrates with aqueous solutions of inorganic strong
aclds such as hydrofluoric acid, sulfuric acid, nitric
acid, phosphoric acid or hydrochloric acid has been
disclosed (see Japanese Unexamined Patent Publication No.
2000-311336), while treatment of glass substrates with
35 strong alkalis has been disclosed as well (see Japanese
Unexamined Patent Publication No. 2000-302482).

The present inventors have found that, although
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properties nstra at was
surface shape changes described above produce a

phenomenon of impaired electromagnetic conversion
properties, while it was demonstrated that washing of
crystaliized glass with a strong acid or strong alkali

15 causes impairment of the quality of the magnetic
recording medium.

Disclosure of Invention

It is therefore an object of the present invention
to provide a process for manufacturing a glass substrate

20 for a magnetic recording medium whereby the surface
roughness is low and the surface defects are minimal for
washing after polishing of a crystallized glass
substrate, and wherein the Read-Write performance is not
impaired when a recording layer including a magnetic film

25 is formed on the obtained substrate for a magnetic
recording medium; it is another object to provide a glass
substrate for a magnetic recording medium exhibiting
excellent characteristics, which 1s obtained by the
aforementioned process, and a magnetic recording medium

30 exhibiting excellent characteristics which is obtained
using the substrate.

The present inventors found that the aforementioned
problems can be overcome if the washing treatment after
polishing of the crystallized glass substrate is carried

35 out using not a strong alkali or a strong acid but rather
a weak organic carboxylic acid, and the present invention

has been completed on the basis of this finding.
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substratigy i's pghiLshed Eﬁ%ngragﬁﬁéiﬁgrboxylic acid is oxalic acid,

acetic acid, tartaric acid, citric acid, gluconic acid,
succinic acid, malic acid or malonic acid.

[3] A process for manufacturing a glass substrate
for a magnetic recording medium according to [1] or [2]

15 above, wherein the concentration of the aqueous organic

carboxylic acid solution is 0.1-10 % by mass.

[4] A process for manufacturing a glass substrate
for a magnetic recording medium according to any one of

[1] to [3] above, wherein the washing is carried out at a

20 temperature of 10-80°C.

[5] A glass substrate for a magnetic recording
medium which is manufactured by a process according to
any one of [1l] to [4] above.

[6] A magnetic recording medium manufactured using a

25 glass substrate for a magnetic recording medium according
to [5] above. ,

According to the invention, it is possible to
provide glass substrates for magnetic recording media
which have low surface roughness, few surface defects and

30 minimal impairment of the Read-Write performance for
manufactured magnetic recording media.

Best Mode for Carrying Out the Invention

A preferred embodiment of the invention will now be
described. However, the following explanation focuses

35 specifically on a preferred example of carrying out the
invention and is not intended to place any restrictions

whatsoever on the scope of the invention.



grains, and .then washing the substrate using an aqueous organi c carboxylic
acid solution. [2] A process for manufacturing a gl ass substrate for a
magnet i ¢ wecosddizage medi um according to [1] above, whereiPaTiRBOSDGIANE C
carboxylic acid is oxalic acid, acetic acid, tartaric acid, citric acid,

gl uconic acid, succinic acid, malic acid-or> malonic acid. [3] A process for
manuf acturing a gl ass substrate for a magnetic recordi ng nedi um accordi ng

to 1] or 12] aboveacpBenehy tRe fansagLhat bAy Q%etBEaQQUQQB%tQBQthEed
carboxylic acid solution is”0.1-10 % by mass. [4] A process for
manuf act uri ng &sgpaséesabsvr abeetol iientgnesi eoneesedi A§ FEUEtM aé€6Fdi ng
to any one of LiLsko [3] above, wherein the washing is carried out at a
tenperature of "10-80C. [5] A glass substrate for  a naggetic recordi ng
medi um whi ch i s mantP8cPired BYPitpréEesathetoPaiRg FBPARGTEAe8f [1] to
[4] aboves [ 6] sAveegnepireti-eadmenigsiegdsuaeperibadt ihededatingbalgvasss
substrate for a Eag etlc égcording medi um_ac ording to 55% above. According
— C5ubStrdte
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enbodi nent of the phdeat suhshirkltenswrifece. Abrasive grains composed of
10 cerium oxide are preferred among these from the viewpoint
of polishing efficiency. The polishing agent may be used
as a suspension of the abrasive grains in water.

The polished glass substrate is then subjected to a
washing step. According to the invention, the washing is

15 carried out using an aqueous solution of an organic
carboxylic acid. As examples of organic carboxylic acids
which may be advantageously used there may be mentioned
oxalic acid, acetic acid, tartaric acid, citric acid,
gluconic acid, succinic acid, malic acid and malonic

20 acid, with oxalic acid being particularly preferred.

The preferred concentration for the organic
carboxylic acid in the aqueous organic carboxylic acid
solution will vary depending on the acid used, but in
most cases the concentration is preferably 0.1-10 % (wt%,

25 hereinafter indicated only by "%"), more preferably 0.3-
7% and most preferably 1-5%.

The washing with the aqueous organic carboxylic acid
solution will generally involve dipping of the glass
substrate into the aqueous organic carboxylic acid

30 solution. In this case, the dipping temperature is
preferably 10-80°C, more preferably 30-70°C and most
preferably 40-60°C. Usually a higher washing temperature

will result in greater washing efficiency, but will tend
to promote drying of the surface during transport from

35 the organic acid washing bath to the next bath, and
sometimes can create washing failures or defects such as
drying spots.



descri bed. However, the follow ng explanati on focuses specifically on a
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pl ace anywoeastwizetdsons what soever on the scope of the i reenprosnrceor di ng
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ution.

Also, for an increased washing effect it is common
to combine the dip washing step with ordinary ultrasonic
washing during, and according to the invention as well,

15 the washing effect can be enhanced by also utilizing
ultrasonic waves.

After adequately rinsing the organic carboxylic acid
off with water, drying is carried out with IPA (IsoPropyl
Alcohol) vapor to obtain a glass substrate for a magnetic

20 recording medium. For subsequent manufacturing the
magnetic recording medium, the glass substrate for a
magnetic recording medium is first subjected to a
texturing step, and then a magnetic film is formed on the
surface by an ordinary procedure, thereby fabricating a

25 magnetic recording medium. The texturing step may
sometimes omitted, however. The washing treatment
described above also results in excellent advantages of
the resulting glass substrate for a magnetic recording
medium, in that it is possible to manufacture a glass

30 substrate for a magnetic recording medium wherein the
surface roughness is reduced, the number of surface
defects is lower, and impairment of the Read-Write
performance is minimized when a magnetic recording medium
is manufactured by forming a recording layer including a

35 magnetic film on the obtained substrate for a magnetic
recording medium.

The present invention will now be explained in



7% and nost preferably 1-5% The washing with the aqueous organic
carboxylic acid solution will generally involve dipping of the gl ass

subst r at ewOnbv@/bB6agueous organi ¢ carboxylic acid sol urcoardosotdios case,
the di pping tenperature is preferably 10-800C , nore preferably 30-700C and
nmost preferably 40-600C . Usually a hi gher Washing tenperature will result

I n greater washing efficiency, but will tend to pronote drying of the
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bat h, and sometfines can create washing ures o ts such as drying
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pol i shi ng agentnw Bk ﬁgbeég tgetmgjgkaaamguhéhtgte surface after polishing,
according to the inﬁenté b IS pre erab heﬁted to Eechanical washi ng
such as ordinary brGshSSer GBBi RgVplH ?rFB Rt iB%aqueous or gani ¢
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enhanced by al saeut plrbzsn@olbtBasaani eova¥dsto obtain a disk-shaped

10 glass sheet with a diameter of 66 mm¢ and a thickness of

about 1 mm. After heat treating the sheet at 540°C for

about 5 hours to form crystal nuclei, the crystals were

grown for about 2 hours at a temperature of 780°C, to
obtain crystallized glass having dispersed on the glass

15 surface particles comprising a crystal phase of lithium

disilicate and a-quartz, with aggregated a-quartz.

A hole was formed at the center of the glass sheet
using a cylindrical grindstone. Next, the main surface
of the panel was subjected to two-stage lapping process

20 comprising loose lapping and tight lapping, using a
double-~sided polishing apparatus employing diamond
pellets, for adjustment of the panel thickness and
surface roughness. The inner edge facing the hole and
the outer peripheral edge of the panel were each

25 subjected to chamfering with a grindstone, using inner
and outer processing units, respectively, to form
chamfered edges.

After polishing the inner edge and the outer
peripheral edge of the processed glass substrate to a

30 mirror surface, the main surface of the panel was finally
polished to a mirror surface using a double-sided
polishing apparatus. The polishing was carried out in
two stages of rough polishing and fine polishing, where
the polishing agent used was a cerium oxide powder-

35 containing polishing agent (ROX by Showa Denko Co.,

Ltd.). A commercially available urethane or suede pad



After adequately rinsing the organic carboxylic acid off with water, drying
is carried out with I PA (IsoPropyl Al cohol) vapor to obtain a gl ass

subst r at evbanoc2emgnet i ¢ recordi ng nmedi um For subsequerCTmRINOF/AGITMY | Ng t he
magneti c recordi ng medi um the glass substrate for a nagnetic recording
mediumis first subjected to a texturing stlp, and then a magnetic filmis
formed on the surface by an ordinary procedure, thereby fabricating a
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obt ai ned using a starting materi ose 1% LI 20 4%
Al 208 and 3% Ng@réécﬁhéoﬁﬁpbﬁSéoﬁﬁ@néﬁtfgacﬁl d@tfecﬁﬁeOﬁawaﬁht subgtratass

havi ng tiige af opepenti,gngdregnposition was nelted at a tenperature of about

1350- 1500C using a nelting apparatus, blended and
Sodium hydroxide was selected as the alkali-based

washing agent, while hydrofluoric acid and the organic
acid oxalic acid were selected as acid-based washing
agents. The concentration and temperature of the washing
15 solution were set as shown in the table, and after 1-3
repeated washings in each chemical solution bath to
confirm the washing effects, a prescribed protocol of
rinsing and drying were carried out. A 120 kHz
ultrasonic generating apparatus was also mounted in the
20 chemical solution bath.
The reference conditions used were a chemical bath

containing no washing solution ("ref" in Table 1).

The surface roughness (Ra) was evaluated in a 10 um

field using an AFM (Atomic Microscope) by Digital
25 Instruments.

The surface defects were evaluated in a 10 nm slice
using an RZ3500 ODT (Optical Defect Tester) by Hitachi
Hightechnology.

The ODT P column in Table 1 represents the counted

30 raised defects and the N column represents pit defects,
with smaller values indicating a lower number of defects
in the surface. The size of a "defect" was considered to
be a minimum of about 0.3 pm.

Next, the obtained substrate was subjected to

35 texturing treatment using a diamond slurry and a nonwoven
fabric, and was then mounted in a sputtering apparatus

for sputtering to form a base film composed of a chromium



then press nol ded and cooled to obtain a di sk-shaped gl ass sheet with a

di aneter of 66 nmf and a thickness of about 1 mm After heat treating the
sheet at wWOQ0€/Rers6about 5 hours to formcrystal nucl ei pcrhewsysived s wer e
grown for about 2 hours at a tenperature of 780Q0C , to obtain crystallized
gl ass havi ng dispersed on the glass surface9particles conprising a crystal
phase of lithiumdisilicate and a-quartz, wth aggregated a-quartz. A hole
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and the polishing
was evaluated using a Read-Write performance measuring

device by Guzik Technical Enterprises. The Read-Write
performance was evaluated based on the degree of change
with respect to the SN ratio of output (S) and noise (N)

15 for a medium obtained under conditions with no washing
solution other than water ("ref" in Table 1).

A larger value may be considered preferable in terms
of design of the magnetic recording medium.
The results are summarized in Table 1.

20 First, for washing with sodium hydroxide, it is seen
that the roughness of the glass substrate surface
increased with repeated washing, while the number of
surface defects decreased.

However, the Read-Write performance decreased

25 linearly with respect to the reference upon repeated
washing, indicating that the performance as a magnetic
recording medium became gradually impaired.

Exactly the same pattern was exhibited for
hydrofluoric acid washing.

30 Only in the case of washing with an organic acid
(oxalic acid) as according to the invention it was
possible to achieve fewer surface defects without
increasing the roughness of the glass substrate surface
or causing impairment of the Read-Write performance of

35 the magnetic recording medium with repeated washing.

As a result of exactly identical examination of

other organic acid washing solutions in addition to



conditions were selected for a final surface roughness of about 3 Awth an
AFM Each obt ai ned panel was then washed by brush scrubbing. Next, it was
washed bywoizp@imgi4ander the di fferent washi ng conditi on®cshersmhn7dabl e 1
bel ow for renoval of the surface residue to obtain a glass substrate for a
magneti ¢ recordi ng medium and then the surflace roughness and surface
defects of each substrate were eval uated. Sodi um hydroxi de was sel ected as

the al kal i - basegkarashiang ByeHe pMided thdRIHYd G- diandtdiepraani ¢
acid oxalic acid were selected as aci d-based washing agents. The
t

concentration dr dtidce Rk R Wa ity ¥PaticoR &asings afhdwn in
the tabl e, and afisrall-i3akrgaised sMiimnmgs iaFeachaliemier) i$oliwt i on bath

to confirmthe _washi ffects,. pr.escri bed praotoc of rinsi,ng and drying
were carried oﬁqss&b;‘%oeckwqﬂ"{lrd%s%acgsgesr‘r%ﬁa ]ﬁa(rlf Sappar g al so
nount ed id t he wwemdalg swldita davhatdh .1 obhes urefaeree nomgdordist isons fisgsed were a
chem cal bath contaj shj SQl ut | ‘ref". 1N . I . e
surface roughness .ra%}af'sé%éc\\llégl lﬁ“’e}ftqg(? %r#éi‘%nfgmn%l ej1n{ %&;El%%gﬁlecar]?)fAﬁ;\E\%( At om ¢
M croscope) by Reiag-11 ten prenfragmasiceT e s marada defrecst siagered ieval uated in a

10 ran slice usiddg N RZ3IRQ[ 00T (Optical Defect Tester) by Hitachi
H ght echnol ogy. The ODT P columm in Table 1 represents the counted



rai sed defects and the N columm represents pit defects, with smaller val ues
indicating a | ower nunber of defects in the surface. The size of a "defect"”
was consiwenree/oidbe a m ni mum of about 0.3 mm . Next, trhEJemoadned
substrate was subjected to texturing treatnment using a dianond slurry and a
nonwoven fabric, and was then nmounted i ld sputtering apparatus for
sputtering to forma base filmconposed of a chrom unmal |l oy and a nmagnetic
filmconposed of a cobalt alloy on both sides of the substrate, after which
a dianond- |ike carbon filmwas formed thereover by CVD and the filmwas
coated with Fonblin Z-Tetraol (Solvay Solexis) as a lubricant to

manuf acture a magnetic recordi ng nedium The total thickness of the film
formed by sputtering was 90 ran, and the thickness of the filmfornmed by
CvD was 10 nm Twenty-five such magnetic recordi ng nedia were nmanufactured

in this manner, and Jj/he TReapd-Wifg perfof mance (SN ratio) of each magnetic
recordi ng nediun1qg$§ﬁval afed|usiing |a|Read-Wite performance neasuring
device by Guzik Tegtnhcab|ER|BIPII|Ses|o|The Read-Wite perfornmance was
eval uat ed based onitd& 3e RECOS dange s th respect to the SN ratio of
: | H - . . .
out put (S) and n0|§§'§N) br' |a| hedi' im abt ai ned under conditions with no
washi ng sol ution ¢fher than| vater [({ref|"|in Table 1). A larger val ue may be
considered preferable in terns|of |desjign| of the magnetic recordi ng nedi um
The results are syunmri zed, Jm'rglgolg 1H.m:irst, for washing with sodi um
hydroxide, it is seen #haisthe FDLgfﬁees of the glass substrate surface
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increased wth repeated washing, while the nunber of surface defects
decreased. However, the Read-Wite performance decreased linearly with
respect twoth@/mefier ence upon repeated washi ng, i ndi cat iPag/Jras/otdies
performance as a magnetic recordi ng nedi um becane gradual |y inpaired.
Exactly the sane pattern was exhibited for Idydrofluoric acid washing. Only
in the case of washing with an organic acid (oxalic acid) as according to

the invention it wasRessAlA t@AGhigva ifigwer surface defects w thout
i ncreasing the roughness of the glass substrate surface or causing

i mpai rnent of the REZE WHSSE e AOETECE B IHESFagréS sﬁ%r@ltl‘?@ FReH um
Wi L h repeat ed \r@fygietg.c Aetor dieglntedifa epsﬁg_tdgy licﬁiﬁ%ﬁjrql%!cee&i@;fﬁ teiﬁ@n 29id

ot her organic i d washi ng utions i.n additjon tooxal,ic acid, .t resent
Chvent or o have FH% COUSASE Bt S r S S B Sy R oG o Beed
washi ng df a cRestddllnized pglredss st rfatre rafrtvea qralreshimagniex iid  possi bl e to
provi de gl ass for. _ma ti.c recordin di a havjng.l ow surface
roughness and ?%&%%gjcg%l;zénegfelfaéc%g% \/3\7% é—’lyprtgi&f%frr%en%el r‘?péfiar r%’teoélTSltyhe
Read- Wi te per fampdasce fogr meawfeattunied megmettiic recordiing mediia.Table 1

I ndustrial Applicability The present invention provides glass substrates
for magnetic recordi ng nedia having | ow surface roughness and few surface

defects, while producing no inpairnent of the Read-Wite perfornmance for
manuf act ured nmagnetic



recording nmedia, and it may therefore be advantageously applied for

manuf acturing magnetic recording nedia. CLAIMS 1 . A process for

manuf act worgocn2gl4ass substrate for a magnetic recordi ngCra820M140@NPr i Si Ng

polishing a crystallized gl ass substrate using abrasive grains, and then

washi ng the substrate using an aqueous orgadi c carboxylic acid solution. 2
A process for manufacturing a glass substrate for a magnetic recording

medi um according to claim1 , wherein they@rgani c carboxylic acid is oxalic

acid, acetic acid, tartaric acid, citric—acrd, gluconic _acid, succinic

acid, malic acid or lnal ofli EXRCEFS FOr MAPUSECEYTAHO RaRlPESt GHPRGTATEl ass

substrate for &dﬁ@n%@@e&g@o&@d@&dﬁﬁ@l HEJAGEQT dofghrli @ iglgaidll sBF ng a
wherein the concen%aﬁilon of .the a us orggnlc C rbox ['ic acgid solution

is 0.1-10 % by 9 1zefl Gl68&s$ 6’ TRdFuiSitdr ARG 28 1JPadsadist A for
a magneti® recahennygazhdnymtaeceuthistgate asyngnanobqtlediuds okgamid , wherein
the washing is Sal rleqlout at, a h 1 nperature of 10-80C. 5 . A glass
substrate for & nagn c cor i & medi'um whi ch i s manuf act ur ed by a
process according té&.anyZopeogkss diors minudadturbng A gagset isubsécartei ng

edi um manuf actaied ysiRg. 0l A%S SUAS! hakE hoh RFAINE! k6 Le5Rding medi um

according to clairm
whereln the organic carboxylic acid is oxalic acid,

10 acetic acid, tartaric acid, citric acid, gluconic acid,
succinic acid, malic acid or malonic acid.

3. A process for manufacturing a glass substrate

for a magnetic recording medium according to claim 1 or

2, wherein the concentration of the aqueous organic

15 carboxylic acid solution is 0.1-10 % by mass.
4. A process for manufacturing a glass substrate

for a magnetic recording medium according to any one of

claims 1 to 3, wherein the washing is carried out at a

temperature of 10-80°C.
20 5. A glass substrate for a magnetic recording
medium which is manufactured by a process according to
any one of claims 1 to 4.
6. A magnetic recording medium manufactured using
a glass substrate for a magnetic recording medium

25 according to claim 5.



