DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM SUBSTRATE AND

MANUFACTURI NG METHOD THEREFOR, MAGNETI C RECORDI NG
WORDLAM40AND MAGNETI C RECORDI NG DEVI CE TECHNI QACT/H280iM11681

The present invention relates.to a magnetic recording

medi um substrate to be used i h a hard di sk device or
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recent years, the recording density of hard disk
devi ces (magnetic recordi ng and reproduci ng devi ces or

HDDs), which are a typepeineuietim becordi ng and

repr oduci ng devi ce, has been significantly inproved
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BACKGROUND ART

In recent years, the recording density of hard disk devices (magnetic recording
and reproducing devices or HDDs), which are a type of magnetic recording and
reproducing device, has been significantly improved and the current recording density of
mass-produced hard disk devices reaches 80 Gbpsi (gigabits per square inch). A
magnetic head in such a magnetic recording and reproducing device is designed to fly at
a constant flying height while the magnetic recording medium is being rotated. That is,
during a read/write operation, the magnetic head flies above the magnetic recording
medium at a constant flying height to prevent direct contact between the magnetic head
and the magnetic recording medium, so that the reliability of the magnetic recording and

reproducing apparatus is enhanced.



density and fallen to the point of 10 nmat present.

In order to decrease the head flying height, the
warmonbmess (| ack of projections) of the surfaper/af2003181681

magnetic recording nmediumis jnportant. Especially,

there is known a thermal asperity phenomenon in which
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magneti ¢ recordi ng nedi um substrate for a magnetic
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eothress ofihsspEaer o PesnFicToerting medivm iy sapsgiplly valued as
In contrast, a glass substrate, which has high
amzasure 8gaindt tharmhawertyd does not undergo plastic
def ormati on even when treatnent such as a polishing
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t he owi n r obl .
instead o? afummu aHO}(f). b Selnce aluminum alloy undergoes plastic deformation due to

the material characteristics thereof in the course of mechanical treatment such as a
15  polishing process, it is difficult to obtain the smoothness mentioned above when using
aluminum alloy.

In contrast, a glass substrate, which has high hardness of surface and does not
undergo plastic deformation even when treatment such as a polishing process is
performed, has the advantage that it makes it easy to obtain a smooth surface. For these

20 reasons, hard disks having magnetic recording medium substrates made of glass are
being increasingly used as hard disks having high recording density.

A magnetic recording medium substrate made of glass, however, has the
following problems.

Regarding glass to be used for the magnetic recording medium substrate,

25  tempered glass includes sodium and crystallized glass includes lithium as a main alkali
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Regardi ng gl ass to be used for the magnetic recording
medi um substrate, tenpered gl ass includes sodi um and
w@eopspHad4bo zed gl ass i ncludes |ithiumas a nmai NnPCT/JP2005/011681
al kalimetal . Such a net al ioq1 whi ch has a small ionic
radius, is easy to nove, and 1s especially easy to
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B e, 7 Present  mvent an provices

DISCLOSURE OF INVENTION
An object of the present invention is to prevent generation of

projections on a magnetic film, a protective film or the like due to movement of lithium
ions in a magnetic recording medium substrate made of amorphous glass which includes
lithium.

In order to resolve the above problem, the present inventors have carried out a
dedicated study and arrived at the present invention as a result.

That is, the present invention provides the following aspects.

(1) A magnetic recording medium substrate made of amorphous glass including
lithium, wherein the substrate is made of amorphous glass of B,03—Al,03—-Si0,-Li>O

type, a chamfer is formed between an edge face at an outer circumference side or an



(1) A magnetic recording nedi um substrate nade of

anor phous glass including lithium wherein the
waosvorve i s made of anorphous gl ass O B O3- APCT/JP2005/011681

OGa-Si 2-Li 20 type, a chanfer ;is forned between an

edge face at an outer ci rcunf &rence side or aninner
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of assi um at surface area.of the.jnner or outer
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chanfer is greater than a nean content of sodi um and .

sislstedge fag a sWdageegercef the ehasferisgeaierdhame Bgps eondent of sodium

(2) The magnetic recordi ng nmedi um substrate descri bed

and potbjsiumioé thei magnetre agcording eetivof substtatem oxi de and

pot assi um oxi de of the magnetic recordi ng nmedi um

5  subst (BtFheiBaghefic focdtdify meBEE substr&tt dbscribdd if{(1), wherein a mean
manuf act uri ng net hod of a magnetic recordi ng nmedi um

cﬁﬂéﬁﬁéﬁbﬁiugﬁ&g}?% %ﬁdﬁ%&aﬁi&ﬁ Sﬁdﬁt)fﬂl%rl’{l SE‘?i@ cifid A€dium

treat nent an anor pnous g S substrate

20 - Al 5,510 2-Li ype in fused salt including
Sé%sgﬁagﬁisgro'@lﬁ’i“éﬁrﬁf‘ﬁm(t@'The manuf act uri ng nmethod of a
magnetic recordi ng medi um substrate described in (3),
wher el A Menwigeurng methqdpfia aegngtis seiting e Wa%%agty#
is sodiumnitrate or potassiumnitrate. (5) The
camprisiag eistepray pedprioag striacertraghaent by déiuungiamgmearphipunglass
substrate described in (3) or (4), wherein a

10 stisstiaey ABHIO8-ADO;PSIC,OL0NYpd indusadrshR decludigg ot dr potassium.
300-450C. (6) A nmgnetic recordi ng nmedi um substrate
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magneti'c recor Ium substrate o resen

R ) SR G et t o OEIRE o gl s nitcate

recor di ng. nmedi um
or potassium nitrate.

(5) The manufacturing method of a magnetic recording medium substrate
15 described in (3) or (4), wherein a temperature for performing the surface treatment is
300-450°C.

(6) A magnetic recording medium substrate which is manufactured by a
manufacturing method of a magnetic recording medium substrate of the present
invention described in the above (3) to (5).

20 (7) A magnetic recording medium in which a magnetic recording medium
substrate of the present invention described in the above (1), (2) or (6) is used and at least
a magnetic layer is formed on the surface thereof.

(8) A magnetic recording and reproducing device characterized by comprising a

magnetic recording medium described in the above (7) and a magnetic head for recording

25  and reproducing information on the magnetic recording medium.



substrate of the present invention described in the
above (1), (2) or (6) is used and at |east a nmagnetic
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recordi ng and reproduci ng device characterized by
conprising a magnetic recordi-hg nedi um described in
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medj,um Wth the present invention, it | ossi;hl e to .
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medium which_ is made by formng a magnetic filmor
recprsling wedigm SIbpEYA bY 2 SPREEHBAPHEITHEIT 8y \ Beshpigue. #high
sputtering technique or a CVD technique, at high
tehepepernratand dighritinhidgl, and mihdgltly reliablt magmietjb kgcordihg aistimm can be
magneti ¢ recordi ng nedi um can be provided. Wth a
5 pRRaREl | WitlesRhshdtl Bevding Rhe esped@irbeddvice ushigitle tdagnetic
magneti ¢ recordi ng medi um stabilization of
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vi'ew schematically show ng a
sectional view of a magnetic recordi ng nmedi um
substrate of the Exanple. The reference nunerals shown

Recor di ng NediigEELet RratoN OF s BRARINGST ence
Face; 3, Quter Circunference Face; 4, Chanfer. BEST

MODE FOR CARRYI NG OUT .T | NVENTI ON .Th resent . .
i nventi®nd 1HAAHEYY é@e@aﬂaﬁ'ﬁeﬁlwmge% SeHiPRe] VAR pLpnegnetic recording
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e Si raté and a principa

Cﬁ)xjc ?er&(cetﬁ}ge;szy gle, and a content of sodiumat a
surtace area of the inner or outer circunference side

edge face and a surface area of the chanfer is greater
than a nmean val ue of the content of sodiumon the
magneti ¢ recordi ng nedi um substrate.

15 BEST MODE FOR CARRYING OUT THE INVENTION
The present invention provides a magnetic recording medium substrate made of
amorphous glass which includes lithium, characterized in that a chamfer is formed
between an edge face at an inner or outer circumference side of the substrate and a
principal plane of the substrate, and a content of sodium at a surface area of the inner or
20 outer circumference side edge face and a surface area of the chamfer is greater than a
mean value of the content of sodium on the magnetic recording medium substrate.
Glass for a substrate to be used in the present invention is amorphous glass
which includes lithium. Amorphous glass including lithium is, for example, amorphous
glass of Al,03—Si0,—Li,O type or of B,03—~Al,05—Si0,-Li,O type and, especially, is

25  preferably amorphous glass of B,03—A1,03—Si0,-Li,O type. Amorphous glass of
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G ass for a substrate to be used in the present
i nvention is anorphous glass which includes lithium

w@emspbaes gl ass including lithiumis, for exanpl/e2005/011681

anor phous gl ass O Al 203-Si O 2-Li 20 type or O B2G3- Al
233-Si O 2-Li 20 type and, especially, is preferably

Bg% %E@ggs g|z o %1%[ ﬁ%; 1%% gizg %n{{bl(%% ts‘k@ﬁton ingredients of

i ncl udes B2(3, AI 203, and Si O as skel et.on |ngred| ents of .
88950y Bpswinstetal and weldeshiO;asapalied ingrodieptolappraximptely 5-7%
i ngredi ent of approximately 5-7% by nmass. The anount

byfmdsst hTeamowited dithiim indledssiubshe substraje ghass inthe peesent invention
present invention includes the anmount of |ithium which

ihGudsd dietarh o of Hehigm bticlaisadded pd the Rabstitedintbntibeally and the
anount of inpurity which is included inevitably. Na20
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e I ncluded as alkali ingredients as "wel
agé &Qf%ﬁ%@ﬂ%@fﬁfc gnea S glj\lé}ncgiu@d a%lea?lgaﬁreﬁ%redlents as well as Li,0,
crystallijzed glass O‘AIZ - Si O 2- Otype or . of

sp it lnludzééNs.@)zbegorr@me@maée mﬂdzebsyn@%%la tpgl gl ass
substrates for magnetic recordi ng nedi uns, the present
i nventAlthoughrplystyHizadgtaphofisl, Qb -8 6,-1TkD $y1:ie&>rb>ﬁs ed on
the fact that it was found that a si gnificant
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ar e ct was~not o taln

tallized gl ass.when prepari r phous gl ass and
RGPS BEtPnD P eRtiSh e Py BRAPHA:S B 6xchange
treatnment sinmultaneously to caonpare the i on exchange
dept h,ThisHa bpsedionghs fashthat it vap founddhaita sigraticant cerEowRn IAuUCIng
t he rmgnetlc film This seens to result fromthe fact
effhett wasf dogainéd/eith emogphohaplyes Whileve similar effectwasmdt slotdinadwith
coul d not be perfornmed in crystallized gl ass and,

ckfxed8Zedr Bass tien rdfating amdEIhots Blasd dddniryktaltiosd gia@,Qindlp%rformmg

reduced. In analysis of projections which seens to

« 151‘5%%%&%&1{1&& STRYERROsIPlo ddpfpatd hmgcmgge%m, aRashium

above he present 1 nventors und that man

1o glju{e 8rt1 chI?IQI?ntea)l’(lld %E)rrgglon on the magnetic film. This seems to result from the
fact that effective ion exchange between lithium and sodium could not be performed in
crystallized glass and, therefore, the elution amount of lithium could not be reduced.

In analysis of projections which seems to result from the movement of the
lithium ions mentioned above, the present inventors found that many projections exist at
the inner/outer circumference portion of a magnetic recording medium and in particular
many projections exist at a chamfer of the inner/outer circumference portion. On the
other hand, only a small number of projections which seem to result from the movement
of the lithium ions were observed at an area other than the chamfer of the magnetic
recording medium substrate.

This seems to result from the specificity of the form of the inner/outer



the inner/outer circunference portion of a magnetic
recordi ng nedium and in particul ar many projections
we@zios00:00 a chanfer of the inner/outer circunfRPCEMRE05/011681
portion. On the other hand, ogply a small nunber of
projections which seemto result fromthe novenent of

c{rﬁgnéek%% Uit ieﬁ&? Ea\g@ bfR kfﬁfg’n\éﬁg r&gﬁ%ﬁ%ﬁ%ﬂ%a&h Mhat is, an

er o magnet 1 ¢ recor
substrate. This see to result fromdthe specificit
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face of the magnetic recording nedi umsubstrate. That .
magnetigregRndEe e BT HUBS NG Bndergna ehagefering progats aafd thefypgpolishing
circunference side edge face of a magnetic recording
predssusirp dhstry sioh agredde guida temaké @ mingr prisces sMany chipspits and
a polishing process using slurry such as eerie oxide

5  thelikeds€ oBseiddrad thesddt #es afvlrrtlie ChbndRring bte&Nand #és considered
i ke are observed at the edge faces after the

tl‘é%?gggg G108 BLRE 88 venRifof the lithihARSHAR rtﬁéjmﬁgxiktﬁc:rﬁkgﬁ(ﬁng medium

ts cause novenent of the l[ithiumions In

neti c recording i.um and ) ratj i

ofF S5k ePndrTH oot Mol e AR S bR eRbrucidated.
eluchgﬁted. The present. inventqars tried to red%ce é%e .
nmov ene BE PEBARVegtors fiedtp pedugritednevasyens ameprtAt e Athium ions
polishing process after the chanfering process to nmake
bz peifermaing spotisliag armgessedice thei ohgmiafneairecess ta makegigiérror surface
faces, but still could not prevent generation of

10  apd dg@edsimprdefeatd dtithe edgel fyces) butistill couldindé predentipaheratiboof
t hi ckness due to difficulty in attachnent of a

pieARhk SufficleliIRr RisdoRkidetel eat hilbwithickddis dehrdificuiiith
to the edge faces at the inner circunference side and
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I
I'n conpari so rincipa i's one of tﬁ
reasons therefor.,Therefore, .the present jinventars .
PR SR PR IS P 0 CHEHBIETS ioRRBHrgnE g the like in
chanferin %réoc,es,s of edge faces at the inner
COMPALITPRSY peipgipakplang 15 one of B redspry e @nce si de

and a polishing process, and then performion exchange
15 bet weBrer¢fee, the present inventors tried to perform inner/outer diameter processing,

a chamfering process of edge faces at the inner circumference side and the outer

circumference side and a polishing process, and then perform ion exchange between the

lithium ions and sodium or potassium ions by dipping the substrate glass in fused salt

including sodium or potassium and performing surface treatment to remove lithium from
20  the surface portion of the magnetic recording medium substrate glass.

The generation of projections which seems to result from the movement of
lithium ions can be suppressed effectively as long as exchange between the lithium ions
and sodium ions or potassium ions is performed at least at the chamfer and at the inner
circumference side edge face and the outer circumference side edge face. For example,

25  in acase where exchange between the lithium ions and sodium ions or potassium ions is



[ithiumions and sodi um or potassiumions by dipping

the substrate glass in fused salt including sodium or
wQEoitassi4m and perform ng surface treatnent toPCEMRES/011681

l[ithiumfromthe surface portjon of the magnetic

recordi ng nmedi um substrate gI%ss. The generation of

r-oj ecti-ons whic ee to result f e it 0
oI CIATRD R ! RS gt B bR e LR e el tong as
exchange between the lithiumions and sodi um.ions o
ﬁﬁf—‘o(f‘?@ak?fi% e WRICH &y e eé’t’aslpééfgfm 153 aﬁtr%ﬁ%t%rrt{‘an or equal
and at the inner circunference side edge face and the
totheaemeval ameiuat srrcchagifetingsprgeess ot the imey cagamfsirenceisidegdge face
case where exchange between the lithiumions and
afd tHeliitdr esumferpoeaiiz edge s and &pepbdlishirerpraédse of therieter

and outer dianeter processing, the effect can be

5  cRBIAFRERe 3RlelcaBITRE ahdhedRRY RirimAerRE SRle! eﬂg&"ﬂic@,rbvieﬁ Rvhen the
exchange was perforned is at | east greater than or

d H%lf tﬁeoaréyl% \K/l%g? Y(ﬁ% eﬁgagééxéésgjggfgﬁﬁédqs%@t gl%?lﬁf Haf 5or Qcﬁual to

e |1 nner circunterenc ace an e outer

ci rcunference. si de E(i%e.face and in.a E?I i shin lishi

R TSEIGYE ASHOUN i1 § TSR RIS RFP G erfRICT QB [RRGRE PREES fhRplishing
the outer circunference side edge face, even when the
peregssrdhe lkeotihe arinpipghilang: i on exchange was per f or med

is not greater than nor equal to the renoval anmount in

a r ouonsegppithy thersudessireamputapesition chapp perforpreddygerforming a
a polishing process or the |ike of the principal

10  chAffeing Penessiordligt Yaces hieths UinkAciecunifernoesitle apethatoutsn
can be performed by perform ng a chanfering process of

chOgRrARe iRl pdriEnidl e ol%hfrfgti?f)@ersgré?ﬁ tdndBpRAg il Ribstrate glass

outer circunference side, p ormng a polishing

T e
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operation i medi ately before the last polishing
operaties inmedlintelyt beforsshelsst puliskiogprengss Withy the objertciikegring a
of a high in which the lithiumions are exchanged wth

15  lirpetisckaiessoflacigh @f which the lithium ions are exchanged with the sodium ions or
potassium ions. This is because polishing of edge faces after surface treatment may
cause removal of the surface treatment portion at the outer circumference side, since the
polishing amount of the outer circumference edge face is required to be approximately 25
um on one side.

20 Fused salt which can be used is, for example, sodium nitrate (NaNOs;, melting
point: 308°C) having a relatively low melting point. Moreover, salt including
potassium which can be used is, for example, potassium nitrate (KNO3, melting point:
387°C).

A glass substrate in which the lithium ions at the chamfer of edge faces at the

25  inner circumference side and the outer circumference side has been exchanged with
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potassiumions. This is because polishing of edge
faces after surface treatnent may cause renoval of the

W@ vhaerod r eat nent portion at the outer circunPE&r/aroes/ 011681

side, since the polishing anoynt of the outer
ci rcunference edge face is reguired to be
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used is, for exanple, potassiumnitrate (KNOB, nelting
300+450°C 3&710r60 mimitess s Is this tasas the exchahgetate fml the ek¢hange depth
ions at the chanfer of edge faces at the inner

With G HIE0RI68s Bdcdfeanshtdri tIRipBEesting GoIP@ERIACT hidhoknd as the
has been exchanged w t hsodi umions or potassiumions

[ c :
riock Qe BEIEIAR, - ARetPE AR LR (LB cBinE Pl gtiod a
the sane at a te rature of 300-450C_.for. 10-60 . .
ARPIARTBAL] 1) KIRFEoS e Surlaete &R HAGRID o8 R fag drepHeent is sufficient,
exchange depth with the lithiumions becone greater as

t he priosbstitadon amparetic ueeording hieginna isomads byhgmher performing
processing time is long. Al though the depth of ion
poxishanghingdor this dlassBabstataur at ed at approxi mately 10 mm
fromthe surface, a 10 mmdepth of surface treatnent

i's sufpfiitcd @Rls substbHOVhIATRSs hifderfortRanBed Gedt@ER didagkribed above,
mediumis nmade by further perform ng polish finishing

thSlcth Sord RRSHTHRTLE 8 facle alR (AT R BHRTHIR SR MA L outer
the lithiumions gt a chanfer of edge faces .at the...
R U7 S L e OB T P AR PR Bipitpiom

si de are exchanged w th sodi umjons or potassiumions,
qomgeentiation besosts dawerthan bR TeB oaks of el bsstrahs A AdEER total
val ue of the glass substrate and the total anount of

anivems ofifiha svdiomsioanahdymttasssinuions beronie gorats thpnethe erean value of
t han t he nean val ue of

the glass substrate. When substrate glass which has not undergone surface treatment

and substrate glass which has undergone surface treatment are dipped in 50 ml of pure
water at 80°C for 24 hours and the elution amount of each of Li ions, Na ions and K ions
is checked by ion chromatography, the elution amount of each of Li ions, Na ions and K
ions of the former is respectively 127 ppb, 17 ppb and 0 ppb while the elution amount of
each of Li ions, Na ions and K ions of the latter is respectively 21 ppb, 100 ppb and 13
ppb, showing that the Li concentration is decreased and the Na concentration and the K
concentration are increased at the surface of the glass substrate.

In addition to this, the behavior of each of Li ions, Na ions and K ions at the
surface of the glass substrate can be determined by measuring a profile in the depth
direction of each of Li, Na and K usiﬁg the SIMS.
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skel eton ingredients and the rest of which has a
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gl ass having the above conposition was nelted and
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i nner dianeter bore was forned in the plate glass
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chanfer. FIG 1 schematically shows a sectional view

of t h&hengafer polisheapofthe gubstrate glass which had undergone the chamfering

process, the substrate glass was dipped in a molten sodium nitrate bath and held for thirty
minutes to perform surface treatment to cause ion exchange. As a result of the surface
treatment, the lithium ion ingredient at an inner circumference side edge face which faces
the inner diameter bore and a chamfered portion at the outer circumference side was
decreased in amount at the depth of 10 um while sodium ions was increased in amount
instead.

Moreover, at the principal plane which did not undergo a chamfering process,
the lithium ion ingredient did not change and sodium ions and potassium ions did not
increase in amount.

After the inner circumference side edge face and the outer circumference side

edge face of the glass substrate treated as mentioned above were polished to make a
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medium was left to stand in a thermo-hygrostat having a temperature of 85°C and a

15 humidity of 90% for 240 hours and then existence of projections which might be
generated at the surface of the magnetic recording medium was checked by eyesight
under a halogen lamp, no projections were observed at the edge face at the inner/outer
circumference and at the chamfer.

A magnetic recording and reproducing device was manufactured using this

20  magnetic recording medium. The manufactured magnetic recording and reproducing
device was constructed to comprise a magnetic recording medium, a medium driving unit
to rotate and drive the magnetic recording medium, a magnetic head for recording and
reproducing information on the magnetic recording medium, a head driving unit and a

recording and reproducing signal processing system, and the recording and reproducing

25  processing system was constructed to process inputted data and send a recording signal
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recording medium and projections which might be generated at the surface were checked
15  for the same method as the Example. As a result, projections were observed at edge

faces of the inner/outer circumference and it was found in composition analysis of the

projections that the projections were composed of a lithium compound.
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met hod of a magnetic recordi ng nmedi um substrate, o
X onpr iAsmaguiacytiag methoderffagnagngtic saeprdinemedism shbsiratpycomprising
di ppi ng an anorphous gl ass substrate of

a step of performing surface treatment by dipping an amorphous glass substrate of
B,035-Al,03—-Si0,-Li,0 type in fused salt including sodium or potassium.

4. The manufacturing method of a magnetic recording medium substrate according
to claim 3, wherein the fused salt including sodium or potassium is sodium nitrate or
potassium nitrate.

5. The manufacturing method of a magnetic recording medium substrate according
to claim 3 or 4, wherein a temperature for performing the surface treatment is 300-450°C.
6. A magnetic recording medium substrate which is manufactured by a
manufacturing method of a magnetic recording medium substrate according to any one of
claims 3 to 5.

7. A magnetic recording medium comprising at least a magnetic layer on a surface

of a magnetic recording medium substrate according to any one of claims 1, 2 and 6.
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according to claim7 and a magnetic head for recording
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