DESCRI PTI ON MAGNETI C DI SK SUBSTRATE, MAGNETI C DI SK, AND MAGNETI C DI SK

DEVI CE 5 Technical Field [0001] This invention relates to a
magneti c di sk substrate for use in a magnetic recording nmediumand to
a magnetic di sk using the sanme. 10 Background Art [0002] In

recent years, the information recording technique, particularly the
magneti c recording technique, has remarkably advanced follow ng the
15devel opnent of information technol ogy. As a magnetic recording
medi um bei ng one of magnetic recorH mafhR, to be mounted in an
HDD (hard di sk drive) or the liKke, [{éhge?zl i's g magneti c di sk. The
magnetic disk is forned by coating a filmof N P (nickel phosphorus)
or the like on a netal substrate nmade of an al um num nagnesi um al | oy
or stacki ng an underMAGAETIG HafVBSTRAYEr MADGNDPICOD K, iAND | ayer ,
and a lubricating layer in this order on a substrate such as a gl ass

substrate or a ceram c substralMAGNETK RIFK SHEEat es have
conventignally been wi dely used as nmagnetic di sk substrates. However,

followi ng the reduction in size and thickness and the increase in
recording deg ﬁﬁié‘algfel gnetic disks, glass substrates excellent in
substrate sur?ace % g?at ness and substrate strength as conpared with
t he al um num subsfgpaips have been gradual ly replacing them

This invention relates to a magnetic disk substrate for use in a magnetic
recording medium and to a magnetic disk using the same.
10
Background Art
[0002]
In recent years, the information recording technique, particularly the
magnetic recording technique, has remarkably advanced following the
15  development of information technology. As a magnetic recording medium,
being one of magnetic recording media, to be mounted in an HDD (hard disk
drive) or the like, there is a magnetic disk. The magnetic disk is formed by
coating a film of NiP (nickel phosphorus) or the like on a metal substrate made
of an aluminum-magnesium alloy or stacking an underlayer, a magnetic layer, a
20 protective layer, and a lubricating layer in this order on a substrate such as a
glass substrate or a ceramic substrate. Aluminum substrates have
conventionally been widely used as magnetic disk substrates. However,
following the reduction in size and thickness and the increase in recording
density of magnetic disks, glass substrates excellent in substrate surface
25 flatness and substrate strength as compared with the aluminum substrates have
been gradually replacing them.
[0003]

The glass substrates with high rigidity are also advantageous in terms



[ 0003] The gl ass substrates with high rigidity are al so advant ageous
interns 2 that the inprovenent in inpact resistance is also
required for nmounting |arge-capacity magnetic recording nedia in

nobi | e devi ces and autonobiles. The size of substrates tends to be
reduced for installation in nobile devié@es. Accordingly, starting
from conventional 3.5-inch substrates, there have been 5 required
2.5-inch substrates, 1.8-inch substrates, 1-inch substrates, and

smal | er substidtahefmpbseingat Biidacf rebRRNBE IS hsatreguifRIbLARBAtING he

al | owabl e di nensi onal error al so decreases and thus nore accurate
shape pr ocedzgegapscityepagneiit. rec0@0Y mEdiatin engbilbdevimas mgdtautomoltilesase
in density of the magnetic recording 10t echni que, nagnetic heads have
al so shi ft ed hersi#a eftaUpsHalenmtardals heorertged o insaliatig an mekde dexires.
heads) and t,0 gi an gpetoresi stive h . eads) erein the
iyt ng hei gheeaiiay, SEtasy FoRcear pHisit SSEinbl FiparAss e BB dtren;
even | Onm or . V, N 4t | e .l i

magnet i cqui sridlgml%t%hz'suc %{]bsgx rér17ie @Ctﬁrggvgﬁqfdﬁ&sﬁgl ﬁgpgsk?%tﬁée’,%d?ssm%ller
probl em t halgubdibatas.f | As #d sité BNthbaubYirStet ARBERaLEs ARE Wiowdhe dith¥nsional
stiction failure is a failure in which a magnetic head flying over a
magneti ¢ di gkocaispaiecedmsesmndithys mord hysurgtesbspa peocassingyis nepuireidght |
whi ch causes irregul ar reproduction output changes. If this fly
stiction failure B98dls, there may occur a head crash failure in

whi ch the flying netjc head,i s brought into contact with the
mgneti o i sk TnERERgT BTop e oy a8 sbpheeER R idnal Wetrdgeen
requiregdsto i gh L

Furt her,qlof o;[ eb&d&fl nggﬁzﬁb?%%sa@ﬂ%sé?ggﬁigé g?@éh@ﬁ? Ignc{é‘g)%%q%)he gl ass
substrate, m@nleﬁﬂeéigm}eow@dsy(m hbags) ddalteashnt htgnetaesisilvd Ko (GMR
enpl oyed in 25 place of the conventi onal S type (Contact Start
Stop). The G8&ds)ywherein the Wyirey heighhofchmagnetimiedddcfrive sds ubstriateolumght
into contact wth a substrate surface at the time of disk stoppage,
and thus it deeregsedizaysn 1Qposlasge Howswer vliesihe magngtic head E'Qﬁtoé(@t '

sliding wt g n"%aé]r?eq{c]:e |s|kCW|ft]r(|agggh 83 e§< rgmghj/qg\}vrﬂ?ltn% hselfégt?’[%%'re |ana pr%blem that

15  afly stiction failure tends to occur. The fly stiction failure is a failure in which a
magnetic head flying over a magnetic disk causes abnormality in flying posture
or flying height, which causes irregular reproduction output changes. If this fly
stiction failure occurs, there may occur a head crash failure in which the flying
magnetic head is brought into contact with the magnetic disk. Therefore, the

20 glass substrate surfaces have been required to have high-level flatness and
smoothness.

[0005]
Further, for effectively using the area of the surface of the glass
substrate, the load/unload type (Load Unload) has started to be employed in

25 place of the conventional CSS type (Contact Start Stop). The CSS typeis a
type in which a magnetic head is brought into contact with a substrate surface
at the time of disk stoppage, and thus it is necessary to provide a CSS region

(region for contact sliding with a magnetic head) on the substrate surface. In



contrast, the l|oad/unload type is a type in which a nagnetic head is
retreated to the outside of a glass substrate at the tine of disk

st oppage, and thus there is an advantage in that a CSS region can

al so be used as a recording surface. Further, during stoppage of a
magneti c di sk device, even if a strong gnpact is 5applied, since the
magnetic head is retreated, it is possible to mnimze danage to a
magnetic disk. For a portable small-sized hard di sk, a conbination of

a start reprceﬁyaéti%@g@mmﬁheﬁy ga'tggéei@%@ﬁ% ﬁM&%t@%a@ SPARS (—i:etho

di sk using a glass su rate is sele erns ensuri ng

i nformati on theeakitiend a@@@@édb&tr@féﬂaﬂtﬁl@ﬁim@ GBS RopPRRS bind fisStharcie.-
10[ 0006] In the |oad/unload type, since a nagnetic head passes

t hrough an enddvantagerin tifat a @bassgisuban akbdie tdeel ahapoadingBudateer
peri pheral portion of the glass substrate particularly arises as a
probl em | f FURBee dugngistoPnAgR Ate Magnskapiskdevisengveasyif B sltend Hopacits t he

of t he nign@PPEchBusey 65 aenaobaRd S TeRtree. Eispossiie Bacim S afade °
of the “hellfertie ag _ _
ubst rate oft gariE e CRRr b BolBR - QAR k. RRrifdRn ot a

occurrence @.farprfe?ﬁcmufcﬁblh gy tem ld1eh& foabRinIdidpé kAl ReRsgndicTdskuidifgla
particularly at the disk outer peripheral portion. 20[ 0007] Not only

an i ncr ease glassaeabstraty ibstleeted dn Emmisrof caastng thedpleadation reequdinged f or
magnetic di sks. Conventionally, a magnetic disk device nounted with a
gl ass subst capCilyaHdUBEHUNG tedfipasl igsistaceot at i onal speed of 4200r pm
or the Ibke. In r@ﬁﬁﬁt years, however, a rotational speed of, for
exanpl e;¥7200r pm re 25has started to be used. Further, in near

future, a rotatio 0 e

used. Wth such hlirﬁgh?s%g]z@ﬂ?% ytalgb%ﬁg?ﬁgﬁ?qﬂr%égrhe\%%ﬁ)églgﬁ;ﬁgoa"}rgﬁ%ﬁ?r}adrI y
near the oubghioR&S alflesysulstratdTRESdpe éi'a%kodté'lgpﬁ(ﬁ‘%éﬁal cbionetan®! e,
in a magnetic disk at a rotational speed of 4200rpm the |inear

vel ocity 4ghiss aupsisiteiparticofarlyadliisas a82. (wobbefir. o thbee isWisttitbahes rent er
is 14.3msec, while, the linear velocity beconmes 18.4nlsec at 5400r pm
and the |i neaaps distg enjowedemess trmostar perdpheralprotinpeh theigass substrate,
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outer peri pBegdds ORI hh@thus there is a possibility of the occurrence of crash failure.
Therefore, high flatness is required particularly at the disk outer peripheral
portion.
20 [0007]
Not only an increase in density but also an increase in speed is required
for magnetic disks. Conventionally, a magnetic disk device mounted with a
glass substrate has used a relatively low rotaticnal speed of 4200rpm or the like.
In recent years, however, a rotational speed of, for example, 7200rpm or more
25 has started to be used. Further, in near future, a rotational speed of 10000rmp
or more is expected io be used. With such high-speed rotation, the linear

velocity particularly near the outer periphery of a magnetic disk increases. For

example, in a magnetic disk at a rotational speed of 4200rpm, the linear velocity



[0008] In recent years, the contact-sliding type recordi ng nmedi um
10(contact-recording type recordi ng nedi um has been re-eval uat ed.
The contact-sliding type recording nediumis a recording type in
whi ch a recording head reads and wites in a state where it is in
sliding contact with a magnetic di sk. At hough the contact-sliding
type recording nediumitself is the recording type that has been
present for a long tinme, since the recording density can be 15

i ncreased ag;bhiRsHiohlAREALHSLWRERA TdnT BeUbshEte®}Merad 84 BniyBen efHile,
disk is reduced, it is again considered to be the recording type that

will be deveheieshriveldcity beeomés 18Hen/téy anSr0tepmidndahe dinesao@lialiityg head
decreases, there is a case where the _recording head contacts a
magneti ¢ di HRcomaa4idn/sae ah72ypm:  dheraboyeimentioned fly wiietp Hiailgeranst
the recordin ead, ere is se where rtiall 20 .t he .
Focor ai ng. hibad sl rarc i BREL e St el Btk gier Rerighge! porton

However, i f it e i di t., : r i

oy g lerd B Se B bSG FEhRf s B8R0 b0l SGREIRA B
recordi ng hegd vigWpdht, kiR TRtrcSs % %ﬁﬁb@bbhkﬁlatﬂ?%tt tH\6ute pévidneraal ity
degrades or the recording head is danaged due fo inpact upon junping
or |anding. pbhese are all largely attributable to 25unevenness of the

surface of the magnetic disk and, as the rotational speed (i.e. the
li near velocity) BX0O0Bhe nagnetic di sk increases, the influence

i ncreases. Therefore, also in this vi% oi nt, hi Q,fla%pess IS
required particul Hrigfentyaans Berepiapss ?gﬁwya? "%‘E??’ NG Meaidmr 0po9)
On the gfher , ' I : ]
et h2 o380 e BRdreRTgESSRA A0 A PR LBt Thse e
the mai n suhaee:-Oidify BpRIEESHHRG MedOm i8 _féer_@coﬁdhng 8iM@RRhd rebbiling
outer peripheral 5portion becones insufficient. at 1s, a glass
substrat e i siepdlrésdeghdwripsds aistgetwireré itanin sithdoemiacravith 5 mabacks
t her eof between polishing pads and relativeuy *
disk. Although the contact-sliding type recording medium itself is the recording
type that has been present for a long time, since the recording density can be
15  increased as the distance between a recording head and a magnetic disk is
reduced, it is again considered to be the recording type that will be developed in
future. As the flying height of a recording head decreases, there is a case
where the recording head contacts a magnetic disk. That is, as a result of
reducing the flying height of the recording head, there is a case where, partially,
20 the recording head makes a sliding contact with the magnetic disk. However, if
it makes the sliding contact, wear of the recording head becomes a big problem.
Further, there is also a problem that if the recording head jumps, there is a
possibility that the signal quality degrades or the recording head is damaged
due to impact upon jumping or landing. These are all largely attributable to
25 unevenness of the surface of the magnetic disk and, as the rotational speed (i.e.
the linear velocity) of the magnetic disk increases, the influence increases.

Therefore, also in this viewpoint, high flatness is required particularly at the

outer peripheral portion.



novi ng the gl ass substrate and the polishing pads while supplying a
slurry containing abrasives. In this event, rising (the outer

peri pheral portion of the main surface projects as conpared wth the
ot her portion of the main surface) 10called ski junp occurs at the
outer peripheral portion of the main susface or |owering (the outer
peri pheral portion of the main surface falls in a state of being
shaved relatively greater than the other portion of the main surface)
called roll-off o pp at the outer peripheral portion of the main
surface. Either one of the ski junp and the roll-off may occur or

both may occur. 18nGA4@hdraaat) adaesomesl irl PARNADIEPeAdl852
Di sclosure of the Invention Problemto be Solved by the Invention

20[ 0011] (JP-A-200T &4 t852) ctte eebinaseconviastionsliy bepe @i prhkleal thabwheo theof
the magnetic disk . s a portion where the flatness is nost required
because t he M3 R&AFAGRPIR pYRSIR iSrRAlisheqHae flatagas phitsowiRererighet@nce of

unevenness is large. Further. wth respect to e ,pass f the .
manet | cBhe 2arioh tremegdertially’ ¢yRES s flashpbafaBIESAEReH by bressing
required at rd | t j he
outer peri pﬁli%‘?ﬂb%rﬂ?déﬁrh?iﬂ?u? Fé’sloﬁh%;r)éﬁgrb%ﬁvy}%éhf%%ﬂfgﬁfdatﬁg%@% Iglﬁ{c{)%ltur
and thus thendvif thesgadsentstrhe @lﬁgma%ﬁsﬂfhﬁbﬁfj@mile klpplgingecsgspry to
reduce the ski junp or the roll-off as nmuch as possible or to manage
so that a gkaswirypsbiaatves. 6lnhisreveatj vising (fa oytanperigherallportaf ofitke
used for a magnetic disk. And, when manufacturing a magneti_c di sk
substrate, MR SeiReeROIGcEASAAPRATed Willeide fhesorimn efribe seain sdiface)

| 800, 19,6, ORHLEL L0 KR AL o PR P BB or RS ot B30,
lowering (the outer peripheral portion of the main surface falls in a state of being
shaved relatively greater than the other portion of the main surface) called
roll-off occurs at the outer peripheral portion of the main surface. Either one of
the ski jump and the roll-off may occur or both may occur.
15 [0010]
Patent Document 1:  JP-A-2005-141852

Disclosure of the Invention
Problem to be Solved by the Invention

20 [0011] _

As described above, the outer peripheral portion of the magnetic disk is

a portion where the flatness is most required because the linear velocity
becomes highest and thus the influence of unevenness is large. Further, with
respect to the passage of the magnetic head in the load/unload type, the

25 flatness is also required at the outer peripheral portion of the magnetic disk. At
the outer peripheral portion, the ski jump or the roll-off tends to occur and thus
the flatness tends to degrade. Therefore, it is necessary to reduce the ski

jump or the roll-off as much as possible or to manage so that a glass substrate



using a nmagnetic di sk substrate thus nanaged, there has arisen a
probl em of frequent occurrence of head crash. [0013] Therefore, an
attenpt has been nade to reduce the head crash by 10nore strictly
setting a nmanagenent val ue for defining the above-nentioned end
portion shape (nore strictly setting a jgudgnent standard for a
good/ def ecti ve product based on the end portion shape). As a result,
the ratio of occurrence of head crash is relatively reduced, but

still, thergipasdatedsn jdmpopRilesh Rfuseeqsr 4 Aement diRadARE Aken
15[ 0014] This invention has been made 1 n view of the

above- ment i eme@tifactoiheasnaneiibaiskaubebatec this engpontiod shaps idssedaeone
highly reliable to prevent the occurrence of crash failure even if a
magnet i ¢ di okindicasdprjudgingta goapidefpelid, praddctsui t abl e for a hard disk
that starts and s[(g(ﬁs by the | oad/unl oad net hod, and a 20magnetic
di sk using such a B¥trate. Means for Sol vi ng the Problem [0015]

Mventor3 of Cthi sraiEIPe s BUHEHL BemaFatRAY G TRA AR el B Fof bk
there are caggy a2ﬁ1a\£{ﬂ fi€diRk BEBSr£E AR PBREGES, Wshe \WASTRisBR alpigbleR GSh

occurs even by stricCtly setting the above-Trenti oned nmanagenent val ue,
and have obsenuvedt édvarrende pblidaderashape of respective substrates.

Then, they have found that there is variation in end portion shape in
the in-plane of t{#®i§lass substrate judged to 7 have no problemin
terms of the nanagllﬁgcré?ct)reygrlx gﬁém[ap 8&36!>e<£n|:;‘nra%te tlé/tr)gI ucgfthé Riegd Icpa\/sﬁrg)) on]
10  more strictly setting a management value for defining the above-mentioned end
portion shape (more strictly setting a judgment standard for a good/defective
product based on the end portion shape). As a result, the ratio of occurrence
of head crash is relatively reduced, but still, there has arisen a problem of
occurrence of head crash.
15 [0014]

This invention has been made in view of the above-mentioned problems
and has an object to provide a substrate highly reliable to prevent the
occurrence of crash failure even if a magnetic disk is rotated at high speed, and
suitable for a hard disk that starts and stops by the load/unload method, and a

20  magnetic disk using such a substrate.
Means for Solving the Problem

[0015]

As a result of diligently studying the above-mentioned problems, the
inventors of this application have paid attention to the fact that there are cases

25 where a head crash occurs and where no head crash occurs even by strictly
setting the above-mentioned management value, and have observed the end

portion shape of respective substrates. Then, they have found that there is

variation in end portion shape in the in-plane of the glass substrate judged to



Further, the inventors of this application have found that it is
possible to 5 provide a gl ass substrate capable of preventing a head
crash by suppressing variation in end portion shape in the in-plane
of the glass substrate, nore specifically, controlling the raised
(I onered) shape at an end portion of a rmin surface of the gl ass
substrate so as to be approximately the same in a height direction
perpendi cular to the main surface of the glass substrate, and have
10conpl et ed fi IS i 017] That is,
a magnetic C;IEE}E ngﬁé%lgg?gqg@i%é@r%?ﬁaﬁ[&ﬁe&?Iv?lgj node of this
invention has a sfggqejure in which the magnetic disk substrate is a
di sk-shaped substrate and has a generally flat main surface, an end
face, a chanf er ed[FimtMobe df thisddehtidnjeen the main surface and the end
face, and an offset portion, at a periphery of the main surface,
rai sed or | ower edFust w,t’r@gp&ﬂtowféhlsla@phwpﬂé@ée feunethat ihisrpassivle to
nltude of offset of the

peri pher of the n
DTS or L8 1 Phovitea Gss SHPRIE € CAPHRI & e BIURS BB Aresh bk FRRIRT G nce

1 i 205t A ek P L ARt e e
| tsel f and PeciRGART SifdligQRe raiBed AbheRk) BRASH Bflarf 8@ BoiBh of AWeARd

with respect to thé nmain surface and, in plan view of the main
surface of theasabstheafiss dubvetrafef seas 18 (5 apmosmatay messdhe imaiheight
surface with an 25approxi mately uniform helfg Herein, "an

appr oxi mat eldjecHrt RETAENRACYAE to %g reaip sutfaca of theglassaambstsate; Aed have
dlfferen ein hgq ht off t he Of@E/ﬁ‘ ﬁortlon is preferably 5nm or |ess.
[ 0019] ACLBIP t%%”teo IreH@ode o) HUsENeT¥ied structure, it is possible
to inprove the fl ES of particularly the outer peripheral portion
of the magnetic di'sk substrate. Therefore, the flight posture of a
magnetic head is pravgny ﬁ@?hémle@gu&tﬁﬂtéwé&am Refihd fidh ﬁffo'd}é oaftm&he
outer peripheral portion of a magnetic disk 5ang even If

magneti ¢ di #kventdon hhstatruaiurdirolWhisheleslmaghetiedisk solostrms $ @dlskts%apéd
contact between the nmagnetic di sk and the magnetic head and thus the
reliabilitysdasiraie a@dﬁ@ﬁ@e@ﬁﬂﬂt@lmflﬁmaifassﬁasﬂ &n ern@lsfp@e;ta champfarastigee of

a magnetic head jn the | oad/ unl oad t re iS no pgossibility that
the fli iﬂt fEEgrRet W?erm@wawff eiR0Bahs Engaa AOd ARt RRITGRI3} dat

the outer pﬁéh&#berp% the main surface, raised or lowered with respect to a flat surface,
other than the periphery, of the main surface, wherein a magnitude of offset of
the offset portion is approximately uniform over the entire circumference of the
substrate.
20 [0018]

In other words, the structure is characterized in that the main surface of
the substrate has, between itself and the chamfered face, the offset portion
raised or lowered with respect to the main surface and, in plan view of the main
surface of the substrate, the offset portion surrounds the main surface with an

25 approximately uniform height. Herein, "an approximately uniform height” is
such that, for example, the difference in height of the offset portion is preferably
5nm or less.

[0019]



10portion of a magnetic disk or that the nmagnetic head is brought
into contact with the nmagnetic disk. [0020] That is, by
causi ng the height of the raised shape (rising) fornmed at the end
portion of the main surface of the substrate over the entire
circunference of 15the substrate to be &@proximtely the same in the
circunferential direction of the substrate, when a magnetic disk
device (hard disk drive: HOD) is manufactured using this substrate,

it is possible tOA%&é\JaidgtéQhé E@mfré hi#htioRéd Stridgreeltiic pbasle A fnpravs to
prevent the occurrence of d crash. [0021] 201t is preferable that

t he magni t udiee ﬂétnbb@obﬁérﬂemlamtr@amtemmw partidnasfriné magnetic disk
circunferential direction at arbitrary radial positions. Since a

magnet i c hestbsitaies Ahegdpret ihe fighdlposiiralo)aimagnedic bead impreventeddiom
Chn e ﬁsre}m@; e Rl B T
o weasur et B e BeB e, Kot AR S0 R pEhd S50 08 nglsF Bl
30 in the C'cbﬁﬁm Béﬁ%%P%eﬂidg‘%%Elbﬁﬁk dnid@né hanwetié ReAB AR thidemaf the

of fset, 1. ference (change anount in a direction

per pendi cul aglidoiity ben bBiehhandddac euethet, laescswiﬂsters@taet toipasthge of &set
portion fornmed along the circunference of the substrate, is
preferably Fmagreticlhesad in thetlhadheloatdyrss theretihne ppasigiity thaktheffighit of
the first node of this invention c% b btajn

nore relia
5[ 0023] posturagf the;Pagretisdiaadds lpty P?QiCHb’*d'éS @At F't%lﬂtﬁhee“lﬁﬁera'
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the substratg, n@n& igular hole inits center and it is preferable
that, in the nal sur ace, the center of a circle formed by an

[0020]
That is, by causing the height of the raised shape (rising) formed at the
end portion of the main surface of the substrate over the entire circumference of

15  the substrate to be approximately the same in the circumferential direction of
the substrate, when a magnetic disk device (hard disk drive: HDD} is
manufactured using this substrate, it is possible to stabilize the flight of a
magnetic head and thus to prevent the occurrence of head crash.

[0021]

20 It is preferable that the magnitude of the offset be approximately
uniform in the circumferential direction at arbitrary radial positions. Since a
magnetic head scans a magnetic disk mainly in the circumferential direction,
contact between the magnetic disk and the magnetic head can be more
prevented by setting the magnitude of the offset to be approximately uniform in

25 the circumferential direction.

[0022]
When measuring the offset portion of the substrate at 12 points per 30°

in the circumferential direction, the change in magnitude of the offset, i.e. the



10extrene portion where rising or lowering is maxi mumin the offset
portion be | ocated at approxinmately the sanme position as the center
of the above-nentioned circular hole. This enables the nagnitude of
the offset to be approximately uniformin the circunferenti al
direction. [0024] 15In the main surface9 the circularity of a circle
formed by an extreme portion where rising or lowering i s maxi mumin
the offset portion is preferably 6001. 1mor |ess. If 400gm or |ess,

it is nore Wﬁr@ﬁ@doﬁan&é‘éh@@ﬁt :hche@ﬂédmn'pterﬁe?:dﬁfu?efr%ﬁ@ Bl‘la%p#?ﬂfﬁﬁ:grof

less. If the circularity decreases (val ue'increases), even

magni t ude ofthé bebstfats,dh thef offdet periohdorngrdalongthe eurcmnftamm of e

magni tude of 20the offset cannot be approxi mately uniformas seen in
t he circunf éubsﬁatal isgrefecatodnmesy lesst t fF\)Mi@ theechange in tis tapge othesffect
within the a msntlomﬁci| however, the nmagnitude of the

of fset in t RbUNS IrELAPER O iV AL eaTLRe eiaingd Tadaelghi.oxi mat ol y
unlformg\nth respﬁﬁ]tzgjo the size of a recording head. [0025] 25The
substrate has a c ar hole inits center and, in the main surface,

the concentricityaReknegR Fﬁ)rﬁdr{ﬁhérefr%rgqagr@%eﬁﬁ BYhaS; nl? tth'e.cH?fs\é?ere

r|5|ng or Iowerlng I's maximumin the set pOI’ I on an e Clrcular

hol e is prebertanliy pictoRyiy located s apﬂ)ﬁoxﬂnﬁﬁl@@ﬁh@éah@&ﬁstamée frémBé eenter
preferable. Further, ideally, it is 10 preferably 8001.fmor |ess.
| f the conce@hthe Sﬂbﬁyat%cﬂmaaﬁ?@s wovad, tlee Sutestredes bay a crowlar hdletimis oértset

of the extre portion is unif t he magni tude of the offset cannot
be appr oxi maleits BFﬁf?r&bLﬁ that, é’é&? mﬁ'”twa@gr@@r?ﬁéteéﬁf agirclgifpaned Bhanpy

et 1001 1% QIR g b0 o BRI
direct ;ggrgfzﬂ% heﬂg&%[%g@%fw R inle PO 88 Ml ert& e to the size
above-mentioned circular hole. This enables the magnitude of the offset to be
approximately uniform in the circumferential direction.
[0024]

15 In the main surface, the circularity of a circle formed by an extreme
portion where rising or lowering is maximum in the offset portion is preferably
600wm or less. If 400pm or less, it is more preferable. Further, ideally, it is
preferably 200um or less. If the circularity decreases (value increases), even if
the magnitude of the offset of the extreme portion is uniform, the magnitude of

20  the offset cannot be approximately uniform as seen in the circumferential
direction. By setting the circularity to be within the above-mentioned range,
however, the magnitude of the offset in the circumferential direction can be
made approximately uniform with respect to the size of a recording head.

[0025]

25 The substrate has a circular hole in its center and, in the main surface,

the concentricity between a circle formed by an extreme portion where rising or

lowering is maximum in the offset portion and the circular hole is preferably

1200um or less. If 1000um or less, it is more preferable. Further, ideally, it is



When seen in a direction perpendicular to the main surface, the

of fset portion is preferably 0.02mm + 1.00mm (wi dth of a pico-slider
of a recording 10head) = 1.02mm taking into account the circularity
of a circle along the offset portion and the size of the recording
head with respect to the disk radial dit@ction. In other words, when
seen froma section of the glass substrate, the change in position of
the offset portion preferably falls within a range of 1.02mm or | ess

in the radi PrefdidBeomim et (ds8e Fuhs bomdedtrichplde@rakes (value inthgases),
substrate nmay be a substrate for use in a magnetic disk to be nounted

i n a magnet ievedifdke défsetad thd edréroagbdiohdadniforps theymagniideohthg rodisetc
head is | oaded and unl oaded with respect to a main surface of the
nmagneti ¢ di SRNOGIRAUIPTPXIgdRlY dpifet ppReeyin 1Be kieUMfRIentigdieslionof Byhe

he- | oal uniegkmr G Bonsasmaay tems i I A R hbrialaRfe MR o .
i s : ) OISR I o™
rotate Ro. uadipHe of OBy I 6 Py BP0 pm

Since the flghrsEfaRly dARNAULIET rdRBBLRD e kiz8 DPAEEAIBingshddlgh, even i f
the magnetic disk isrotated at high speed, there is no possibility

of contact betwee[0028k magnetic di sk and a magnetic head and thus the
reliability can be enhanced. [0029] 11 The representative
structure of a mal¥henissediinR dikastieneeRendgulaeinte maboiuiasg. he affset

Lot 00RO 032 o 80k SRR AR S DS BBl
e oy AR OSBRI LI Bk o
hi gh-level fdoatidtesifd Rb%heAbf tA8 recording head with respect to the disk radial
direction. In other words, when seen from a section of the glass substrate, the
change in position of the offset portion preferably falls within a range of 1.02mm
or less in the radial direction of the substrate.
15 [0027]

The substrate may be a substrate for use in a magnetic disk to be
mounted in a magnetic disk device of a load/unload type in which a magnetic
head is loaded and unloaded with respect to a main surface of the magnetic
disk through its outer periphery. Since the flatness of the outer peripheral

20  portion is high, the substrate can be suitable for the load/unload type.

[0028]

The substrate may be a substrate for use in a magnetic disk to be
mounted in a magnetic disk device adapted to rotate the magnetic disk at a
rotational speed of at least 5400rpm.  Since the flatness of the outer peripheral

25  portion is high, even if the magnetic disk is rotated at high speed, there is no
possibility of contact between the magnetic disk and a magnetic head and thus
the reliability can be enhanced.

[0029]



outer peripheral portion of a main surface thereof. [0030] [ Second
Mode of this Invention] The inventors of this application have found
that it is possible to provide 10a gl ass substrate capabl e of
preventing a head crash by suppressing variation in end portion shape
in the in-plane of the glass substrate, {y7ore specifically,
controlling the raised shape at an end portion of a main surface of
the glass substrate so as to be approximtely the sane in the radi al

ot TRt s nvent 1 on T BERBSERbHRL G AN of AP TR R DR RO B R
magnetic di %%cémn@ttbaﬁ@fi%@wo\%mgw&t Jehﬁoﬁ%cMacJIEg%ogéJbﬁgﬁgltg at least

i nvention has a structure in e magnetic eis a

di sk- shaped asmhghdtitigyansh desracegsinemabhatid disk susdtrats bbhmed byaneend

face, a chanfered face forned between the main surface 20and the end
face, and ambofé-swntipoed magnetic disk sebstpdie marofactivingmmiethoslur Thisenakes
raised with respect to a flat surface, other than the periphery, of

t he mai nosuitfRasgibladedpanifasiyes 61'11@@9“96%#@?4@@%%6#%0@?8 glpe at an

entire circunference of the substrate, and an.extreme portion where

rising is nﬁ%%ﬁ{'PﬁerﬁL@%?? ng‘ "badPFFﬁﬂCq er%oéat ed at approxi mately

the sanme di stancegpggm a center of the 25substrate. [0032] According
to the above-mantqone structure, it is possible to inprove the

flatness, in the ©HacehdMadandfithib IWantieh] on bei ng a scanning direction
ot a 12 The inventors of this application have found that it is possible 1o provide
10  a glass substrate capable of preventing a head crash by suppressing variation
in end portion shape in the in-plane of the glass substrate, more specifically,
controlling the raised shape at an end portion of a main surface of the glass
substrate so as to be approximately the same in the radial direction of the glass
substrate, and have completed the second mode of this invention.
15 [0031]

That is, in order to solve the problem, a magnetic disk substrate
according to the second mode of this invention has a structure in which the
magnetic disk substrate is a disk-shaped subsirate and has a generally flat
main surface, an end face, a chamfered face formed between the main surface

20 and the end face, and an offset portion, at a periphery of the main surface,
raised with respect to a flat surface, other than the periphery, of the main
surface, wherein the offset portion is formed over the entire circumference of
the substrate, and an extreme portion where rising is maximum in the offset
portion is located at approximately the same distance from a center of the

25  substrate.

[0032]

According to the above-mentioned structure, it is possible to improve

the flatness, in the circumferential direction being a scanning direction of a



recordi ng head, particularly at the outer peripheral portion of the
magneti c di sk substrate. Therefore, the flight posture of the
magnetic head is prevented from being disturbed particularly at the
outer peripheral portion of a magnetic disk and, even if the magnetic
disk is rotated at high speed, there isiso possibility of 5 contact
bet ween the magnetic di sk and the magnetic head and thus the
reliability can be enhanced. Further, also with respect to passage of

Ther b REiaPd rbAs, ARl AR felolf ol B horf dReiabheddabe
the outer p%nhg%é.a' T}P@erer{}hgjﬂt@t%ggtﬂ?é bﬁhgirﬁéfgr@&igmaaiog@vgﬁ&aeﬁdﬁ

head is broug I'nto contac e magnetic disk. [0033] That
i's, by causbamgtdigtuidi gdrticidetyt aiahe olitdr Peripleerapdorsibapéea (magietigdisk
formed at the end portion of the main surface of the substrate over
the entire ehdcevendf thegeagietichisisishotatett at high bpeeds pheriisrne Ppgsibility of
sane in the 15circunferential direction of the suﬁst at when a
magnet i codi §RNgelhetween dheimggsrti¢iisand tisHnagsetis %ﬁﬂi\@'ﬂ Hus e ng

head and t hiReRBLPATBR BT R Ge o TRbRRelsh i kg Re P PRt e
mai n surf acﬂwa'g%'%g? gg&& %eﬂﬁé&/bﬁl%a&ftyﬁeb %érﬁ]jssﬁ&' R8§§il§i§l§/ttﬁé’tr ﬂg? Ayt S

20pr ef erabl y T7oc over the entire circunterehce o e f Set

portion in posRPIEt B rRdgietichedd iOdswirbéd pasipelatly aotHehsuteaskrpheral
distance fromthe center of the substrate to its outer dianeter. It

may al t er napbrtienyofmemagndtiodisk onthgethefmagnadichegahis braught ndo oentaet with
peri pheral end face of the substrate as a reference. This nakes it
possi bl &0t o henBRIOBIC Pslsi t i on of the extreme portion by conventional
25measur enent  of @bési unp, roll-off, dub-off, or the Iike. [0035]
In the main surface;™the circularity of a circle fornmed by the

extr eme Bffe]E on 1 $n&€sy Ao P8 Taditl Usit st thé faid@PBndde Psingfss. 11
formed at the end portion of the main surface of the substrate over the entire
circumference of the substrate to be approximately the same in the

15  circumferential direction of the substrate, when a magnetic disk device (hard
disk drive: HDD) is manufactured using this substrate, it is possible to stabilize
the flight of a magnetic head and thus to prevent the occurrence of head crash.

[0034]
In the main surface, the extreme portion of the raised offset portion is

20 preferably located over the entire circumference of the offset portion in a range
of 92.0 to 97.0% with respect to the radial distance from the center of the
substrate to its outer diameter. It may alternatively be within a range of 1 to
2.6mm from the outer peripheral end face of the substrate as a reference. This
makes it possible to know the position of the extreme portion by conventional

25 measurement of ski jump, roll-off, dub-off, or the like.

[0035]

In the main surface, the circularity of a circle formed by the extreme

portion is preferably 600um or less. If 400um or less, it is more preferable.



Further, ideally, it is preferably 2001.1mor less. If the
circularity decreases (value increases), even if the magnitude of the
of fset of the extrene portion is uniform the nmagnitude of the offset
cannot be approximately uniformas seen in the circunferential
direction. By setting the circularity tggbe within the 5
above-nenti oned range, however, the nmagnitude of the offset in the
circunferential direction can be nmade approximately uniformwth
respect to t i A r {10 034] s a
i eal ar  norra it el dfis BFEREA PolFR S jesd Bid BT bifRs0s
concent ri Ci tyalREtWeesbe8), GvERifné AATRFILAY of I8 dIEI §MTRe RUrEMBHoRih ihe
circular hole is preferably 1200wn "or less. If 10001.rmor less, it
i's nore prefupifath ahe Mignitetde of theadfisgt carnot e pppfoximbtely HHBIM b seen in
|l ess. If the concentricity decreases (value increases), even if the
of f set of t tike exqunefetential difeptions Byisedingthe piccuarinia belwitbin thee of f set
cannot be aggroxinately unifogn1as seen in the 15circunferenti al

direction. BPOXEMETgNehENgsnheweYe cineymagnipgeal tha pifsatin the

above- nenti , er.. th i th ffset in.th
circunfer engpg&%ﬁgﬂ%{ p@%@ﬁnorageb %@ag‘ggﬁé&g‘&ﬁﬁg["e T/‘%Uﬁ i“f'ti'rrﬁ%\?cft ho the
respect to pR gjlaZ@cQhify hé&kpr di ng head. [0037] 20The magni tude of
the offset in the 019 set” portion nmay be approxi mately uniform over
the entire circunfoegenpce of the substrate. That is, the main surface
of the substrate has, between itself and the chanfered face, the

of fset portion rafkeduksirdtenes adimilahhelespés center ahd, indlienmain surtsse,
and, in_plan view of the main surface of the substrate, the offset

por t i on'Hay REFIGERHICHK Betigan DGR fAIEed v the extrapsRoticrka”d {euni f or m

nobroxi mat ePyelAt e b ARy P8Ry TRaTea | 4 RipckBEeshedtis Masey ¢ ar
radi al posi G QBmpled Hfther, TSNS & £§@?‘ab‘h? @ oTRERet 1Ghdbskc 'dﬁky

in the circunferential direction, ntact” between the magnetic dis
and 14 thedoagaeés (vaheditceabed)eev@r ity efnbbthelixtreaid parBot Reuniform,

magni tude of the offset to be approximately uniformin the
ci r cunf er entheamagnitustet 4fdhe offegteiannot' kepaprrkimetely wniioint as sten i the
preferably 0.02mm + 1. 00mm (Wi dth of a pico-slider of a recording
head) =14. 0okeHmigkeni! SiRione . BitetpgR eRRCcaAtiG|ta Pty i n
above-mentioned range, however, the magnitude of the offset in the
circumferential direction can be made approximately uniform with respect to the
size of a recording head.
[0037]

20 The magnitude of the offset in the offset portion may be approximately
uniform over the entire circumference of the substrate. That is, the main
surface of the substrate has, between itself and the chamfered face, the offset
portion raised or lowered with respect to the main surface and, in plan view of
the main surface of the substrate, the offset portion may surround the main

25  surface with an approximately uniform height. |t is preferable that the
magnitude of the ofiset be approximately uniform in the circumferential direction

at arbitrary radial positions. Since a magnetic head scans a magnetic disk

mainly in the circumferential direction, contact between the magnetic disk and



5 the above-nentioned range and the size of the recording head with
respect to the disk radial direction. [0038] In the offset
portion, the change in magnitude of the offset, i.e. the difference
(change anount), in a direction perpendicular to the nain surface of
10t he substrate, in the offset portion ferned al ong the circunference
of the substrate, is preferably 5nmor less. Wth the change in this
range, the effect of the second node of this invention can be

obt ai ned no ' : for
use in a naglﬁee |bhgﬁéﬂeefl%gﬁﬁ%gﬁgHf%{%%?%&‘%f%%%ﬁ%p% cﬁéﬁ’%" e@ﬁ@% of a
| oad/ unl oad gt¥deoive IPpredmatdpanifsrhtintRadirbsmictasing digslionn! prestd, Wi th
respect to a main surface of the nmagnetic disk through its outer

peri phery. Sapprexittetelf luatioms'ss pfefetablyoliOBmnperti.@lmmawigibof agica-slider

hi gh, the substrate can be suitable for the | oad/unl oad type. [0040]
20The subst PhfdeeRIfingdieads gbisPramdakisg infeacrauny Wﬁ;ﬂ@t@@uéﬂ'&\kb%@g He
mounted Ln netic di sk device adapted.to rotate the netic, di sk
e ot bt | HEPOSanGe e angs SnoBIDBRR I e e R eh AR VR ASIHEE ffeas
of the oute I : ion is high, even if the magnetic disk is
rotated at ﬁnégjﬁl%'ég@élad'ﬁ%géﬁe is no possibility of contact between the
magneti c di sk and[0@3g]agneti c 25head and thus the reliability can be
enhanced. [0041] The representative structure of a nagnetic

di sk manuf act uri npn thretdfieet parton,dheghangd inanasgritue oftideoftdet tite. she

invention is characterized by formng at 15 |east a magnetic |ayer
on a surf acdifigtencentgharge amapsl, is@ditactipe pemendicstpr iy thenaain surface of

T e
flatness al §0,&8f.8Ms PrélatRPELRLTIRs. PIHH H2 Pande I HHGEAES effect

t her eof .
of the second mode of this invention can be obtained more reliably.

[0039]
The substrate may be a substrate for use in a magnetic disk to be

15  mounted in a magnetic disk device of a load/unload type in which a magnetic
head is loaded and unloaded with respect to a main surface of the magnetic
disk through its outer periphery. Since the flainess of the outer peripheral
portion is high, the substrate can be suitable for the load/unload type.

[0040]

20 The substrate may be a substrate for use in a magnetic disk to be
mounted in a magnetic disk device adapted to rotate the magnetic disk at a
rotational speed of at least 5400rpm or more. Since the flatness of the outer
peripheral portion is high, even if the magnetic disk is rotated at high speed,
there is no possibility of contact between the magnetic disk and a magnetic

25 head and thus the reliability can be enhanced.

[0041]
The representative structure of a magnetic disk manufacturing method

according to the second mode of this invention is characterized by forming at



5Effect of the Invention [0042] According to the first node of
this invention, it is possible to inprove the flatness of
particularly the outer peripheral portion of a magnetic disk
substrate. Therefore, the flight posture of a magnetic head is
prevented from being 10di sturbed particydarly at the outer periphera
portion of a magnetic disk and, even if the magnetic disk is rotated
at high speed, there is no possibility of contact between the

onbanced. - FIRad ame g o, A WG hatTerisifiel Sipsae aaineiadfe
the | oad/ U”:gﬁage W&ﬁoné@ﬁ{aﬁ gc Afdk BE%QEHGAMM@& Lﬁ Re H;o'd' 9 js makes

15posture o e magnetic |stur partic at the outer

peri pheral RQydssipie ©f manurasnes awayr@iac@rsktﬂaatn tHigh mnﬁﬁthésshﬁéél at &n
brought into contact with the magnetic di sk. [90043] According to the

second node ooteriplenphemi/pmlmnfainuainsuﬁa@estﬂer@fio i mprove 20t he
flatness, in the ci rcumc erential direction being a scanning direction
of a rec%rdﬁﬁfﬁch‘éféﬁe B&WPRul arly at the outer peripheral portion of
a magnetic disk s Béé ate. Therefore, the flight posture of the
magnetic head is E’ nted from being disturbed particularly at the

out er peri pheral t?]éfbﬂa tgfthéiﬁﬂgfﬁ,r&g[elo?tlﬁé%em n‘? Hsélfullgttgﬁ-n@@%?g}i C

disk is rotated at ere 1's no p055|b| tyo

bet ween t he flgR@8ebf Qaﬁib@i&rlﬁt‘ﬂé ddner ﬁ@m@iaWpohﬁﬁpbfaenmaghétﬁ: difiesubstrate.
reliability can be enhanced. Further, also with respect to passage of

a magneti c Abackefone, theefligtaastnt ohd ma;gneticthlaades prevantegdssm beingt y t hat
the fli ght posture of the magnetic head is disturbed particularly at

the out &9 pédistyhed &amcy@rlps@i eoPuig Peinhedrl dortiorgpiskmaaneticdisk ad,
Tagnet i ¢, headoh Rabt BdRbuL A58 1 RNEE bt WighboblS, BRIE HoSolitlny §F '
contact between the magnetic disk and the magnetic head and thus the
reliability can be enhanced. Further, also with respect to passage of a
magnetic head in the load/unload type, there is no possibility that the flight
15  posture of the magnetic head is disturbed particularly at the outer peripheral
portion of a magnetic disk or that the magnetic head is brought into contact with
the magnetic disk.
[0043]
According to the second mode of this invention, it is possible to improve
20  the flatness, in the circumferential direction being a scanning direction of a
recording head, particularly at the outer peripheral portion of a magnetic disk
substrate. Therefore, the flight posture of the magnetic head is prevented from
being disturbed particularly at the outer peripheral portion of a magnetic disk
and, even if the magnetic disk is rotated at high speed, there is no possibility of
25 contact between the magnetic disk and the magnetic head and thus the
reliability can be enhanced. Further, also with respect to passage of a

magnetic head in the load/unload type, there is no possibility that the flight

posture of the magnetic head is disturbed particularly at the outer peripheral



5[ 0044] Fig. 1 (a) is a diagramused for explaining a feature
of this invention and is a diagram explaining the case where the end
portion shape of a nmagnetic disk substrate is a ski-junp shape, and
Fig. 1 (b) is a diagramused for explaining a feature of this
invention and is a diagram explaining t{g¢g case 10where the end
portion shape of a magnetic disk substrate is a roll-off shape.

Fig. 2 is a diagramused for explaining a feature of this invention

and is a diagram explaining.,. i t val j .
e connecPPHGRde mAgTetars: SaalER MeoidonsduiSpld 8t Brshamaf i
magneti c di - ady: Fig. 3 is a diagramused for explaining a
first e%od?ﬁeﬁ?gg%ﬁﬁlgg 15i nvention and is a diagram show ng the
results of neasuring the maxi num of fset value froma straight |ine
connecting two arbitrary points in the end portion shape of a
magnet i ¢ di 8kiesDscnpioe.of Biglravings a di agram used for explaining a
first enbodi ment of this invention and is a diagram show ng the
resul ts ®f neasuri®§g4t he radial position 20 of an extreme portion

e e, Pl Eans SAPRE Gl TRE ) Bl SRR TRl B
this invent 198 o %@%@mﬂhﬁ@{r@%@@%ﬁg thd8nd ﬁaHﬂoh%hapewa% Hagict he

maxi num of f se oma stral ght Trne conhecting two arbitrary

poi nts in tpkenbsPRetis arkRRpatape afd FanNeb) & duplranbaéd adre.
Fig. 6 is a diagramused for explaining a second enbodi nent of this

i nventi on aegplanirey difeegu@nfshiowivegtiohand és aldtagrah expeedung tg tdse
radi al position of an extrenme portion when the end portion shape of a
magnet i ¢0di $hesid engt portiqry shape of a magnetic disk substrate is a roll-off shape.

Fig. 2 is a diagram used for explaining a feature of this invention and is
a diagram explaining a maximum offset value from a straight line connecting
two arbitrary points in the end portion shape of a magnetic disk substrate.

Fig. 3 is a diagram used for explaining a first embodiment of this

15 invention and is a diagram showing the results of measuring the maximum
offset value from a straight line connecting two arbitrary points in the end portion
shape of a magnetic disk substrate.

Fig. 4 is a diagram used for explaining a first embodiment of this
invention and is a diagram showing the results of measuring the radial position

20 of an extreme portion when the end portion shape of a magnetic disk substrate
is a ski-jump shape.

Fig. 5 is a diagram used for explaining a first embodiment of this
invention and is a diagram showing the results of measuring the maximum
offset value from a straight line connecting two arbitrary points in the end portion

25 shape of a magnetic disk substrate.
Fig. 6 is a diagram used for explaining a second embodiment of this

invention and is a diagram showing the results of measuring the radial position

of an extreme portion when the end portion shape of a magnetic disk substrate



is a ski-junp shape. Fig. 7 is a diagramused for explaining a second
enbodi nent of this invention and is a diagramshowi ng the results of
measuring the maxi num of fset value froma straight |ine connecting
two arbitrary points in the end portion 5 shape of a magnetic disk
substrate. Description of Synbols [0045]710gl ass substrate 1011lnain
surface 12end face 13chanfered face 1l4offset portion 15extrene
portion 15 Best Mdde for Carrying Qut the Invention [0046]

Next, a desc¢ripti. ' be given of enbodi nents each of a magnetic
di sk substri{é%y&@%\p\g%beto this invention and a magnetic di sk using
it. Sizes, 20mate w | I n
the foll ow ng enbgpgaﬁ?\?s af Lfﬁegq?ﬁ’@%}r"g Ive or%lf:‘rqjo fggtt(?fﬁggﬂ
under st andi ivgedtiot Badiisy erigran sﬂﬁ(ﬂnr?’tﬁeﬁ@éuilsrﬁf@ﬁ%dnh@tﬂd mamrﬁdm S

i nvention unl ess otherw se specifie
offset value from a straight line connecting two arbitrary points in the end portion

5 shape of a magnetic disk substrate.

Description of Symbols

[0045]

10 glass substrate
10 11 main surface

12 end face

13 chamfered face

14 offset portion
15 extreme portion
15
Best Mode for Garrying Out the Invention
[0046]
Next, a description will be given of embodiments each of a magnetic
disk substrate according to this invention and a magnetic disk using it. Sizes,
20  materials, specific numerical values, and so on shown in the following
embodiments are only illustrative for facilitating understanding of the invention
and are not intended to limit this invention unless otherwise specified.
[0047]
First, referring to Figs. 1 and 2, a description will be given of an "offset
25 portion”, an "extreme poriion”, and so on that will be used for explaining a
feature of this invention.
[0048]

Fig. 1 shows side views for explaining a ski-jump shape and a roll-off



[0047] First, referring to Figs. 1 and 2, a description will be given
of an "offset 25portion", an "extrene portion", and so on that wl]l
be used for explaining a feature of this invention. [0048] Fig. 1
shows side views for explaining a ski-junp shape and a roll-off 18
shape each being one exanple of the endigorti on shape of a magnetic
di sk substrate. [0049] The above-nenti oned magnetic di sk substrate 10
has a di sk shape and 5is fornmed with a circular hole in its center.

As shown !nsﬁgge edich BQﬂ 'b‘?%ah@l@bﬁfﬁeféﬁ&ﬁﬁcm prﬂag@eh&sam Heﬁ&a.gﬁces

11 that wil IP'¢8F 78R8 Y reco uci ng reégions,

end face 12 gpgepandi cul ar to the main surfaces 11, and chanfered
faces 13 interposed between the nain surfaces and the end face,
respectively. Sinf®48] nmay happen that the boundary 10 between the
end face 12 and each chanfered face 13 becones unclear by a

| at er- descri bed emtie fheve-puintishechmagnetiedisk substeate A Pd1asiaiskhissape and

i ncl udes _a case V\IQ face 12 and the chanf eg faces 13, o0on
both o1 dBe (HErBEN VGBI aIS T i GEore AnSPeRNdBTIGde 1S Gogotc
15Si

RN e T e e
to fly ther‘?@é’cﬁfjmtql o wae.tn%lr@g b.h@ e{mé}m?aew@%e%eﬁdﬁumaiﬁemtrate

10, an offset por for exanple, raised or lowered with
respect to tsheaced n &udfcﬁamf@bdtfa@esgmmmumi betveeashe orghasadaosst h a

central portion of the main surface is forned at
and the end face, respectively. Since it may happen that the boundary

10  between the end face 12 and each chamfered face 13 becomes unclear by a
later-described end face polishing process, this invention also includes a case
where the end face 12 and the chamfered faces 13 on both sides thereof
cooperatively form one curved surface.

[0050]

15 Since each main surface is the region for recording/reproducing
information, it is substantially flat for allowing a recording head to fly thereover.
However, in the manufacture of the glass substrate 10, an offset portion 14 that
is, for example, raised or lowered with respect to the main surface of the glass
substrate as compared with a central portion of the main surface is formed at

20  the periphery of the main surface. This offset portion 14 is formed on each of
the inner peripheral end portion side and the outer peripheral end portion side of
the main surface of the glass substrate.

[0051]
As shown in Fig. 1 (a), the ski-jump shape is a shape such that an outer

25 peripheral portion of the main surface 11 is raised, while, as shown in Fig. 1 (b),
the roll-off shape is a shape such that an outer peripheral portion of the glass

substrate 10 is lowered.

[0052]



20t he periphery of the main surface. This offset portion 14 is forned
on each of the inner peripheral end portion side and the outer

peri pheral end portion side of the main surface of the gl ass
substrate. [0051] As shown in Fig. 1 (a), the ski-junp shape is a
shape such that an outer 25peripheral pegtion of the main surface 11
is raised, while, as shown in Fig. 1 (b), the roll-off shape is a
shape such that an outer peripheral portion of the glass substrate 10
is |lowered. [0052L. 19 Fi g. shows an exanpl e of perform ng
S reasur ement us: -2 Shews Aol pditTed B areAlhede Sy de
connecting twa.: i i [; L Q@ :

i npl emrent ed by Iﬁ‘s"ﬁ’n%ﬁ%ga@tg rf@itnzﬁts-tl;?%mh'i%%‘%@cet%yﬂ%uﬁé%{%\%@gro bnlt?'l’ a-m/at
poi nts as aig,efnesvensionigmeplameniEasuidingtHera@a Mhé ddn&dtingRhe two
5extrene portion 15 (maxi num of fset 'val ue) being a maxi num poi nt of
rising or | anetrangpaistsssenreferentd pleane ehdmesaseirip dimemajgdmdd] of an As
shown in Fig. 2, the maximum offset value between two points is a
maxi mum 8i steXHeweiperioneHivpximuan gifyed valueh beingra masinian gaint pf rging or
connecting two 10ar bitrafra/ Qoi ntfs R1 a%gl R2, within that range. And
it is possi BIWeNY FSRATHIECM 14$ Rierefre Pilext r eme portion 15 by

setting the positgﬁgg of the two points RL and R2 so that the extrene
portion 15 being ve}tex of the ski-junp shape is included and the

maxi mum di st ance AE@RAbivAen Fig. 21 SlatmbkiRRint e GhiuebeilBert Wi POhRLIS al S
| ocated on the extrenme portion 15 side. 15[ 0054] Speci fically,

when setti ngnaxdraumbiistance int the peditivevairactinin frama gicight dinKlccame ety twan

the case of, for exanple, a substrate having.an outer dianeter size

of 2.5 ffchagifraiytraintaifdnanteR2oaithia thatiranges okt isl Rossibleia BeasHe & he

ginzt ggcgrsmqf Es t?top ﬁeceexrt]rte%e Sémérﬁ‘ ?5%|yassé tin%‘%ﬁgtp%% 'gné 8f t?l% tu%g 'p%mps H?leznd
R2 so that the extreme portion 15 being a vertex of the ski-jump shape is
included and the maximum distance from the straight line connecting the two
points is located on the extreme portion 15 side.

15 [0054]

Specifically, when setting the above-mentioned two arbitrary points R1
and R2, in the case of, for example, a substrate having an outer diameter size
of 2.5 inches (outer diameter 85mm¢), it is possible to determine the distances
from the center of the glass substrate to be 29.9mm (R1) and 31.5mm (R2},

20 respectively. In other words, assuming that the distance from the center of the
substrate to an end face thereof is 100%, it is also possible to determine the two
arbitrary points as two points at a position of 92% and a position of 97% from
the center of the substrate. And the offset portion (raised pottion or lowered
portion) 14 of the magnetic disk substrate exists between these two points. Of

25 these two points, the point further from the center of the substrate is a region
over which a magnetic head flies.

[0055]

In the embodiments described hereinbelow, rising or lowering formed



20respectively. In other wrds, assum ng that the distance fromthe
center of the substrate to an end face thereof is 100% it is also
possible to determne the two arbitrary points as two points at a
position of 92% and a position of 97% fromthe center of the
substrate. And the offset portion (raisgg portion or |owered portion)
14 of the magnetic disk substrate exists between these two points. O
25t hese two points, the point further fromthe center of the

substrate is.a regiqgn qver which a et | i L.n.the
ambod ment & HESERPsado R fabtAce ST AR P Rflh dr s mlaMers o
respect to - b8 BV RN §EHRAN, RFerfdiftoR Bfiset”
surface at ?%p%@eﬁﬁ%@ﬁ%ﬁ%&ﬁlgs gegcr?bg%%%eww I? {f gener a?t] y
referred tovwam regpégiad thevidturasdecthetimainhkaribtat And haoeicf fothed Withn
surface. And a portion formed with this offset will be referred to as
t he of f set [listiffeat il beAsfesrentolas thebdsetipogtiarol 6 Fi A sedn by eferringtie
position exhibiting the maxi numoffset is the extrene portion 15.
[0056] [ Bi r SigErasd 2adhe position exhibiting the-maxtmurp pifset is dhe xR PRATONof
this invent i1 n wll be described. 10[0057] (Magnetic Di sk Substrate)
As a result diligent studies for reduci ng unevenness of a
magneti c-di sk mai Ebogg face due to ski junp or roll-off to thereby
provi de a magneti 'Sk that can prevent the occurrence of crash
failure even if rigtecthiRidimds] hi gh speed, the inventors have found
that the state of ski junp or roll-off differs at different positions
i n the circunfer efirstathedirseemnbodimeanénf this inhentoanll belstiscalte]. and have
conpleted the first node of this invention described before.
10 [0057]
(Magnetic Disk Substrate)
As a result of diligent studies for reducing unevenness of a
magnetic-disk main surface due to ski jump or roll-off o thereby provide a
magnetic disk that can prevent the occurrence of crash failure even if rotated at
15  high speed, the inventors have found that the state of ski jump or roll-off differs
at different positions in the circumferential direction even in the same substrate,
and have completed the first mode of this invention described before.
[0058]
That is, also conventionally, it has been judged before shipping a glass
20 substrate whether the glass substrate is good or not by measuring the shape of
a peripheral portion. However, since glass substrates should be manufactured
at low cost and in large quantities and since inspected substrates cannot be
used as shipping products (destructive test), some samples are extracted from
a lot and each of them is measured at only a single position thereof. And it has
25 been found that even if magnetic disks are manufactured using the glass
substrates judged to be good as a result of the measurement, there are cases
where the number of glass substrates judged to be defective by a glide test is

large and where the number of glass substrates judged to be defective by a



[0058] That is, also conventionally, it has been judged before

shi pping a gl ass 20 substrate whether the gl ass substrate is good or
not by neasuring the shape of a peripheral portion. However, since
gl ass substrates should be nmanufactured at |ow cost and in |arge
quantities and since inspected substratges cannot be used as shi pping
products (destructive test), sone sanples are extracted froma | ot
and each of themis neasured at only a single position thereof. And
it has 25 be 20 nd that even if magnetic disks are nmanufactured
usi ng the glg§£§ %%b%%m% ‘es judged to be good as a result of the
measur enent, ther®o%§§ cases where the nunber of glass substrates
judged to be defective by a glide test is |arge and where the nunber
of glass substrat gsyigwWdads,1Re R AhlY hal¥ PdetdledblAGinh@ST and
smal | . [0059] In view of this, the inventors have nade a

det ai | ed exhavaidunathandhdrathe dralpstitiahapdicmédstirendt pphurdlisnoshape
is measured at a plurality of Spositions in the circunferenti al
directiod, tnReitiposinthesirawnfaresil diveeion thenpesitioneand pegoituste afsandi f f er
depending on the posjition. It has peen found that, for that reason,
evon in Phe SeligBelonpn B8 sl prige B au e IS 1 s DamRuad Brer
substrate | I I i i i r por.

Tnto a magnitteea eI Rk B8 AR SRk A ng L Rl BRss
per f or mance sGaaRak iPLctdARMBHRES o agﬁ‘e%rﬂﬁ‘lc '%nd‘iﬁﬂ&gaofatte@ﬁﬁo geen
found that when a gl ass substrate in I ch the magni tude of an
extreme por magnefib dfsardeeiteathetds Ppesdephivsre thé desinad perfarnfance cahndtioe
gl ass substrate, in other words, the maxi num val ue of ski junp
(rising)Of oexiibited. An ghedother baeth itdTasthrendaund Hat ivies a glass substrate in
approximately the sanme.in the circunferential direction is forped .
"hLo . magnich e SRAGHHOR 9 8P GoF &E T Srosmergidte Berahery ol mai

The ot set - SOy s eSS abhsyrtenn qiE A, Fe Bt a0R s TE
entire cir Cpfgtirﬁj)%ﬁﬁ‘e@ét dPen@pagion ¥ Rt ﬁ]ﬁﬁ\f‘s&f&cf@f‘@zapf)%ﬁrﬂﬁeliy #hB®ame

magni t ude o he of fset belng a nmaxi mum value of rising or l'owering
20i n t he of irsite direninferantlal dirsctadie fappEdixtn@irelgnetit dfskramdoverpbtaced

entire
15 into a magnetic disk device, no head crash occurs.

[0060]

Therefore, in this embodiment, the offset portion 14 formed with the
offset is formed over the entire circumference of the glass substrate 10 and,
further, the magnitude of the offset being a maximum value of rising or lowering

20 in the offset portion 14 is made approximately uniform over the entire
circumference of the glass substrate 10. In other words, the main surface 11
of the glass substrate 10 has, between itself and the chamfered face, the offset
portion 14 raised or lowered with respect to the main surface and, in plan view
of the main surface of the glass substrate, the offset portion 14 surrounds the

25 main surface with an approximately uniform height. This will be described
hereinbelow.

[0061]

Next, a description will be given of a manufacturing method for



circunference of the glass substrate 10. In other words, the main
surface 11 of the glass substrate 10 has, between itself and the
chanfered face, the offset portion 14 raised or |owered with respect
to the main surface and, in plan view of the main surface of the

gl ass substrate, the offset portion 14 sairrounds the 25main surface
wi th an approximately uniformheight. This will be descri bed

her ei nbel ow. [0061] Next, a description will be given of a

ubst rat o adCBRrY b TEma0RROI e efopsdT o RE Ra i b Bodifur.

substrate is manu ?Tll’ed t hrough various processes (details will be
descri bed Iater), when manufacturing the magnetic disk 5

substrate accordi Agné%nét.blmmdamswwaagreﬁhﬁrcﬁ@hr@ﬁ@u@prdce@gbsw
being the vertex of t of fset portion (raised portion or |owered -

portion) 14 (attaldeilier desueibed lqen! buwhen mheufaeiunng dind aagnelic disk
approxi mately the sane distance fromthe center of the gl ass

substrat 8, gHPsyiaIagEPding o th@|erpmdl@ﬁnwgawq)w@@tr@%mmor@aﬁ|b§m9r¢§e

b h h d
ot he per | pHEREK OhBRAI5At BoribR g aRacpLint B BRGrETAUEREH 14 ABeoner od
portion lo eﬂ h¥\‘a @Q&@ﬁ%ﬁ?ﬁ%e fnir sfﬂffac!a%rt aBleo&f?T?ftegsrré géet < |§lﬁnéé1ﬁ%m

peri pheral mal n surface i s rm ned

the polishi 'f‘lge é@rﬂgi bi B g1 s édﬂ:@tréﬂe”ﬁért@@lhﬂ? Rifihe pél%‘hﬁ'@sprobébéfﬁécond
foll owi ng description, the conditions orm ng the raised portion

wi || be desgolidhdal p@b@@)ﬂﬁcomes impoiitaet. r #doethedtheeaigbd poftlmhefcvrmesieﬂ
portion has been much nore reduced follow ng i nprovenent in storage
densi ty 18nd theperigferalaariensot thatmaie surfaeeer whethsniigdpwatasd Raften

e e o oS S b e S Ao B e
ol <71 S o PP e SRS 0 100
and the progeRsting pRIc@8SUr 1 tAé tARWind\@8Bcription, the conditions for forming the
raised portion will be described.
15 [0063]

The required height of the raised portion has been much more reduced
following improvement in storage density and most of factors that determine the
shape/magnitude thereof depend on the polishing conditions of the final
polishing process.

20 [0064]

Many of various polishing conditions in the final polishing process affect
the shape/magnitude of the raised portion, but among them, particularly the
processing rate (processing speed) and the processing pressure affect them.

[0065]

25 Hereinbelow, a description will be given of the final polishing process
that polishes main surfaces of a glass substrate using a planetary gear type

polishing machine. It is needless to say that the final polishing process can be

carried out without using the planetary gear type polishing machine. For



[ 0065] 25Herei nbel ow, a description will be given of the final
pol i shing process that polishes main surfaces of a glass substrate
using a planetary gear type polishing machine. It is needless to say
that the final polishing process can be carried out wthout using the
pl anetary gear type polishing nmachine. r 23 exanple, the final
pol i shing process nay be applied to the glass substrate using a
single wafer type polishing machine. [0066] In the final polishing

Dort shing el AL R B asieu bt e
pads onto b%tﬁr%%féﬂgﬁgégﬁﬁhﬂ{q Itnlagh“;“aass substrate. In this event,
per -~ tni |

t he machi ni ng ne Is the processing rate and the
pressure pressi ng;do@g]gl ass substrate is the processing pressure.
[ 0067] 10For manufacturing the nmagnetic di sk substrate according to
this enbodi nent, Irtthedinpledliehinbleotdwal tHehgasy adesateng polisleedisy set in
a range of 0.20p.mmn to 0.45p.mM mn and the processing pressure be
set in aSrangjativly Brogipg nalishiog peds amdéheglags splestiaiewhie peeasing tbas
have rel ati veL_ .smal | i nfluences an are not limtative, but in

'he case of POISINGRERABO BRTDMaN HURCESE Hie GaRERASIAS. 13 (5 espty o
Lo set the bas faesiala i Rl LAPYAG ERSpReRing £ Bho Gl Blatase”)

and the grain siZe o Fasirves

satisfying pRAHROKS JIRRIBINAIOME bloeBsiPoRAtled out, there is a
possibility of degradation of the end portion shape or breakage of
t he gl ass substra@s7] 0068]

10 For manufacturing the magnetic disk substrate according to this
embodiment, it is preferable that the processing rate be set in a range of
0.20pum/min to 0.45um/min and the processing pressure be set in a range of
8.0Pa to 10.5Pa. The other polishing conditions have relatively small
influences and thus are not limitative, but in the case of, for example, a 2.5-inch

15 disk {(¢65mm), it is possible to set the hardness of the polishing pads to 85
(Asker C hardness) and the grain size of abrasives to 1.0(um). If polishing not
satisfying the above-mentioned conditions is carried out, there is a possibility of
degradation of the end portion shape or breakage of the glass substrate.

[0068]

20 For manufacturing the magnetic disk substrate according to this
embodiment, it is preferable that, after polishing the substrate at the processing
pressure (main processing pressure) intended for the polishing processing, the
substrate be polished at a processing pressure (e.g. 1Pa or less) lower than the
main processing pressure in the final polishing process. Particularly, it is

25 preferable that the polishing be carried out at this low processing pressure for a
time about half the polishing time of polishing the substrate at the main

processing pressure. This makes it possible to reduce variation in end portion

shape in the circumferential direction.



20For manufacturing the magnetic di sk substrate according to this
enbodinment, it is preferable that, after polishing the substrate at
the processing pressure (main processing pressure) intended for the
pol i shing processing, the substrate be polished at a processing
pressure (e.g. 1Pa or less) |ower than $fie main processing pressure
in the final polishing process. Particularly, it is 25preferable that
the polishing be carried out at this | ow processing pressure for a
time about half t&@ §ﬁ|lshlng time of polishing the substrate at the
mai n processing p $ This makes it possible to reduce variation

in end portion ShﬁBPm'aHultaEﬁm grt HLa?h@ﬂé ik sﬁbé@ﬁb'a%@ordwﬁﬂo[tﬁﬁfsg] For

manuf acturing the nagnetic trate according t

enmbodi nent, enibddimnteft &y @’@t@abl@ t6Bbeiim aanagwietdisk gasksi@saat by, after
substrate by, after appl ying a chem cal strengthening treatnent to a

gl ass subst raplyingapahérsical stengitraninghtediownt jo 8 glassgubeiiatd capablesiii ng
mai n surfaces of the substrate. \Wen the chem cal strengthening
treat nenb (beMGSherterjly &tﬁe@ath@@ﬁfi)p¢|§h@§;jﬁaléoﬁurfﬁﬁ@$ af the sybgtsate. wher e

Thas. i n' ¢ eMEeTb e g toapia Parrsar et B aBealzalinR isdboli
circunt er enj ot %bfcsgé o i aﬁgaaﬂ.msia@@et 8L RghE AL R 46} o

appl yi ng the em cal strengthening tr nent , s pos eto

produce, at thd gRlishir®. d. ThiBYIRQENFs 6f r@lﬂu@h@&érléﬁmﬁhr@kﬁﬁ)rﬁbﬁ shapedHees
variation in end portion shape in the circunferential direction. The

gl ass subst catembudited tedctton, bhappiging tberpbhsj'eng)treammmgﬂerramlymgthe
after the chem cal strengthening treatnment is a glass substrate
havi ng AR i 6Rhe@cahslrgrainenie fregtmept. i @d%qss@lqamroepcq r?éhghmelﬂate

Fayer o gr BanenS Al R oPIreES WRkFOLES] ket el pRoGd HHBE in
the circumferential direction. The glass substrate subjected to the main
surface polishing freatment after the chemical strengthening treatment is a
glass substrate having an ion-exchanged layer at at least a part of the substrate

15  surfaces and faces, wherein the thickness of the ion-exchanged layer is greater
at the end faces than at the main surfaces.
[0070]
The glass substrate subjected to the main surface polishing treatment
after the chemical strengthening treatment is also preferable in terms of
20 reducing the roughness of the main surfaces. Particularly, the substrate
surface roughness required for the recent perpendicular magnetic recording
system has been significantly decreasing than conventional. In order to satisfy
this requirement, it is preferable that the glass substrate be subjected to the
main surface polishing treatment after the chemical strengthening treatment.
25 [0071]
The surface roughness Ra of the magnetic disk substrate according to
this embodiment, measured using an AFM (electron microscope), is preferably

0.15nm or less.



[ 0070] The gl ass substrate subjected to the main surface
polishing treatnent after the chem cal strengthening treatnent is

al so preferable in terns of 20reduci ng the roughness of the main
surfaces. Particularly, the substrate surface roughness required for
the recent perpendi cul ar magnetic recorgkng system has been
significantly decreasing than conventional. In order to satisfy this
requirenment, it is preferable that the gl ass substrate be subjected
to the main surfaggzeplishing treatnent after the chenica
strengthening treatnment. 25[0071] The surface roughness Ra of

the magnetic di skFeuRghuRicRIidgens didi@etio diskissbsrdie dico®ding torAIgUr ed
using an AFM (el ectron m croscope), is preferably 0.15nmor less. 25

[ 0072] embadimentawhieaeetfoimiggtiingl pelighiegiusing 3 klagetesy geartype
according to this enbodi nent, when perform ng final polishing using a
pl anetary gé’&i‘sﬂ'%@%@ﬂm%merfﬁlaﬁ'ﬁﬂﬁ'i"ﬁé’,e“’t’w the|oaritomdhregatinn srasd 4fife
on-its-axis rotati speed, of .a Scarrier._and.the, orbi.tal rotatio
speed of ot n&2lter Ading BITE i o Sec sl i rarier SRpdin amAnBie Alse,
[ 0073] t pAnetary gear type, a plurality of glass
substrates gregorhg?ﬁﬁ% trﬁ'e carrier. Then, polishing pads are pressed
onto upper and | og73purfaces of the 10gl ass substrates held in the
carrier. Then, in this state, the glass substrates are polished when
t he carrier orbit B thiplanatayaeantypena iplwality io§ glash atibstrates are held in the

directions of the relative novenent of the I%I ass substrates and the
pol i shi ng p&adickr el helh @HsHNGI PRGRI8reTesSREPHE ARPeh@aRd IeNps spEaces of the

;5132{ Ir gﬁ] @2' %lla%% éj%lgtﬁﬂe% E‘ﬁy}ﬁrtﬁéf h%r?ig];.ﬁéﬁrgni, ?nl th%i srtgt%f ih%nglggs éu estr%{easss
are polished when the carrier orbits while rotating on its axis. That is, the
directions of the relative movement of the glass substrates and the polishing
pads are random and thus are averaged, but have no relationship at all with the
circumferential direction of the glass substrates. Thus, ski jump or the like

15 formed at the outer peripheral portion of each glass substrate has variation in
radial position and magnitude at positions in the circumferential direction.
[0074]
In order to reduce this variation in the circumferential direction, it is
preferable to set the ratio between the on-its-axis rotation speed and the orbital
20 rotation speed of the carrier within a range of 0.125 to 8.  If polishing is
performed under a condition exceeding this range, the shape of ski jump (raised
portion) formed at the periphery of each glass substrate is often disturbed in the
circumferential direction.
[0075]
25 Then, if the magnitude (height) of the offset varies in the circumferential
direction when seeing the glass substrate in a direction perpendicular to the

main surface of the glass substrate, severe vertical changes occur when a

magnetic disk rotates and a recording head (magnetic head) makes scanning,



15formed at the outer peripheral portion of each glass substrate has
variation in radial position and magnitude at positions in the
circunferential direction. [0074] In order to reduce this
variation in the circunferential direction, it is preferable to set
the ratio between the on-its-axis rotat2dn speed and the orbital
20rotation speed of the carrier within a range of 0.125 to 8. If
polishing is perfornmed under a condition exceeding this range, the

shape of skigjihdiRné fl@hﬁ@ﬂh@%édr@h‘ﬂg HeatiRBorfes uf€iab®Y. | BB Ye&irdR@Ch

gl ass substrate is often disturbed in the circunterential direction.

[ 0075] 25Thasad chnididoliaginetdhdagé ireirglahjugd oftthe offtéis atheadrarash écturdie
circunferential direction when seeing the glass substrate in a

di rection perpendi0®dbhr to the main surface of the glass substrate,
severe vertical changes occur netic e%é rotates and

recordi ng head (nmEyf¥RIaiR th‘ééﬁﬁe@k‘ﬁge%égﬁﬁrﬁ@g YRR '?ﬁ%n‘?ath ght

Col 1 ow { e bR ST ST At AR o apdel afe Bud f IRHE PR RS cFARDSS
[0076] To ei%ﬁéﬁ' vg‘eﬁ'tlé)r,‘tm%%‘ébﬁil hé‘&?ﬂa@f(ﬂlgmh mngmmef ifitRSreq¥@r @

magneti c 5di anges n magni t ude offset are large, if

the ratio ofar @@ﬁ@é‘tmﬁ e irPa 8B/ shorofght didtantdie hexbedshochead That is,
foll ow t hem wever, there is a large offset change in a very

short f||ghﬂmdmagaamemshsmﬁamn@aashdmgdqﬁmsemwuuwn@ﬁlsaémﬁuyhéwlc
di sk substrate according to this enbodinent is a particularly

preferabl e Riderapiremods avheadbe hpad diegat liglhsresded. 10[0077] On the

ot her d by se@ ?g t he magni tude of the offset of the offset
portlon 4 to be E}Z xi mately uniformover the entire circunference

o e 0, oG gRy A AR AR B0 ke

constantly pagR@s4naie dppRoXimd@sty Qhiform over the entire circumference of the
glass substrate as the above-mentioned structure, even if the ski jump or roll-off
is present, as long as the recording head constantly passes over the ridge of

15  the extreme portion 15 during scanning, it is considered that there is no height
difference large enough to cause a crash failure. That is, this invention pays
attention to the fact that it is the change in height of the substrate surface in the
circumferential direction that is important.

[0078]

20 Therefore, according to the structure of this embodiment, it is possible
to reduce the roughness or undulation in the circumferential direction and thus
to improve the flatness particularly at the outer peripheral portion of the
magnetic disk substrate. Therefore, despite the ski jump or roll-off is present,
the flight posture of the magnetic head is prevented from being disturbed and,

25  even if the magnetic disk is rotated at high speed, there is no possibility of
contact between the magnetic disk and the magnetic head. This makes it
possible to significantly enhance the reliability when the magnetic disk is

incorporated into a magnetic disk device. Further, also with respect to



15 the extrene portion 15 during scanning, it is considered that
there is no height difference | arge enough to cause a crash failure.
That is, this invention pays attention to the fact that it is the
change in height of the substrate surface in the circunferential
direction that is inportant. [0078] 20Tgerefore, according to the
structure of this enbodinent, it is possible to reduce the roughness
or undulation in the circunferential direction and thus to inprove

t he fl atnes ' ; j | o Waleh
magnet ¢ di SEes el BMe e et BadhHloR b8, iR ieRfistio bty
i's present, tiidtehé Highhpogost sfrike afagnbec megnrtdistiuhRtbdricuddByarthe dufgrom
bei ng di sturbed and, 25even if the magnetic disk is rotated at high
speed, ther @eriphera! potsi bf himagretic disktaidhatidee wegnetihbeadiigiwoughtditek
and the magnetic head. This nmakes it possible to significantly
enhance t he cPBIaCHHith temaaRea gigk. fag raording herd £an siadbr pasedbewanibe a

magneti c.di i ce urther,. also with respect t 27 passage of a
magnet i cshe%dicé’ﬁyqoﬂemlt %W%HPBcég'S?y‘ﬁ@ﬂChéﬁ ﬂlé'geo?r iﬁ"'@&fes no possibility
that the flight pﬁ}@w e of the magnetic head is disturbed
particularly at the outer peripheral portion of a magnetic disk or

that the nmagneti citiep@fdrablenpaané magntuge bl Brlofidlet e hpsrofmedieli C
di sk, the recording head can stably pass through the 5end portion of

t he magnet i anddrskin tvaicorbuinereulial dirpetineataobiean{ r@diadpositions.  Since g
preferable that the nmagnitude of the offset be approximtely uniform
in the circlASBEERNeEal Seanse Magnets disk mrainly g theagicimiggstialidygstionsi nce

Girect by 9EeRTaREeR R AR i AR SR miob b R f BRI T ¢ heac

can be nore %\%ﬁ%@ﬁﬂsé’fﬁnfﬁﬁe%ﬁgnﬁ Wbﬁ?&g? ?égppﬁﬁ%%%@gﬂiﬁrm%

appr oxi mat ePy uni formin e circunterenti a

Her ei n, " apgiceitommtfelentisindifeetiomi n the circunferential direction” is
15preferably 0.02mm + 1. 00mm (wi dth of a pico-slider of a recording

head) = 1.02nm t aRPBQ] i nto account the circularity being in the
above-nentioned range and the size of the recording head wth respect
to the disk radi aie@meapprexnimately uniform in the circumferential direction” is
15 preferably 0.02mm + 1.00mm (width of a pico-slider of a recording head) =
1.02mm taking into account the circularity being in the above-mentioned range
and the size of the recording head with respect to the disk radial direction.
[0081]
Specifically, for example, when measuring the offset portion 14 of the
20 glass substrate at 12 points per 30° in the circumferential direction, the change
in magnitude of the offset can be 5nm or less. With the change in this range,
the effect of this invention can be obtained more reliably.
[0082]
Further, the extreme portion 15 where rising or lowering is maximum in
25 the offset portion 14 is preferably located at approximately the same distance
from the center of the glass substrate. This is because even if the magnitude

of the offset is approximately uniform over the entire circumference, if there is

disturbance in distance from the center, it cannot be approximately uniform in



[ 0081] Specifically, for exanple, when nmeasuring the offset portion
14 of the 20 glass substrate at 12 points per 30 in the
circunferential direction, the change in magnitude of the offset can
be 5Snmor less. Wth the change in this range, the effect of this

i nvention can be obtained nore reliably28[0082] Further, the extrene
portion 15 where rising or lowering is maximumin 25 the offset
portion 14 is preferably | ocated at approximately the sane di stance

fromthe ce?ﬁ@EN&]‘mfg%ng @fsctisHbstrate. This is because even if the
magni t ude o e offset 1s approximately uniformover the entire

circunference, if[opgere is disturbance in distance fromthe center,
It cannot be approximately uniformin 28 the circunferenti al

di rection. [0083] Specifically3pdin¢ friabnsugce, ihet ¢ieuladithokacifele égrmegkdy the
circularity of a circle formed hy the extreme portion 15 ere risin

or | oweri ng SXEERGAGHAR 1 HWRES B3iRG 8F oM ing dhmeXinayrg i s Sgbpsﬂt'@@dfkm

P bt feaéﬁ%ﬁf%@%o'?ﬁ{sﬂi?f b It FPOFR BT et DR i et be. o E6R02Y e
i ncreases) , |tslptr WQOW sst hﬁt éf:ﬁ [aﬁ%? deBRaRXE &\'f%l%

portion 15 |s u of cannot

appr oxi mat e||r)brelét§é°s9)réi?eﬂ$f tﬁ@&ﬁ‘agrﬂutﬂb@f mer@rwéi ef etdx@end partidnh 0B.s | n
ot her words, when seeing a section at a 10predeterm ned radi al

position (pmmm)nnmrthe\hageutud:h@obmgsﬁsepcnnnombempcmarsate)y finitommtdseseen in

center of the glass substrate, if the glass substrate is rotated, the
nmagni t ude ofthg ﬁ'@@%ﬁ%ﬁ'ﬁ dEaqlipan IDsotBer WRIEISowheR Feping @ SaFtion at @, g.

head catfor Hresta Ged b Slpir R e DRt bPumdrdol B kBRI 1

whil'e Tlyi ng, Ougfiof fandgRieleh iRt idhdhs substrate is rotated, the magnitude
of the extreme portion 15 of the offset portion 14 (e.g. the height of the raised
portion) changes. That is, if the recording head cannot follow a change in
magnitude of the offset portion 14 while flying over the predetermined radial

15 position, a head crash occurs. By setting the circularity to be within the
above-mentioned range, however, the magnitude of the offset in the
circumferential direction can be made approximately uniform with respect to the
size of the recording head.

[0084]

20 Further, the concentricity between the circular hole formed in the center
of the glass substrate and the circle formed by the extreme portion 15 where
rising or lowering is maximum in the offset portion 14 is preferably 1200um or
less. [f 1000um or less, it is more preferable. Further, ideally, it is preferably
800um or less. [f the concentricity decreases (value increases), even if the

25 magnitude of the offset of the extreme portion 15 is uniform, the magnitude of

‘the offset cannot be approximately uniform as seen in the circumferential
direction. By setting the concentricity to be within the above-mentioned range,

however, the magnitude of the offset in the circumferential direction can be



15position, a head crash occurs. By setting the circularity to be

wi thin the above-nentioned range, however, the magnitude of the
offset in the circunferential direction can be nade approxi mately
uniformwi th respect to the size of the recording head. [0084]
20Further, the concentricity between thgycircular hole forned in the
center of the glass substrate and the circle fornmed by the extrene
portion 15 where rising or lowering is maximumin the offset portion

14 is preferab 12001krn or.less, |f 10001kmor less, it is nore

o ef or bl ¢ TRRAE FR OXMstely RO Wit IenreRbloab ey 45t TR GBS BOR 1t he
concentricity decrcﬁ)%gfs (val ue increases), even if the 25magni tude of
the offset of the*extrene portion 15 is uniform the nagnitude of the

of fset cannot be FRPHAGNERE Blsk sUBEHALMCRSIIRRLD thid én'it?‘ocﬁrigéﬁﬁg"fp?éf@@tﬁ)ﬁ'

direction. By setting the concentricity to be wthin t

above- nent i ased asangass Substraty o bmonmigaiih adeagietichiiskoddviat adaptéde

circunferential direction can be 29 nade approximately uniformwth

respect Po tofatesit gba egtational ppeest of FAPMeadr M@essThere is, of chhesenngnet i ¢
enbodi nent_ is preferably used as a

di sk b di.ng. his, . ) .

gl ass subst PRI EVEE b Ta e b FAgens Hiskide 'ce@@etfcﬁaagia&jﬂ fos
Srotate it ' 4 . T i s,
course. no e EEbeRBr RO Huork: B P dladhdee A & Gev i ce
adapt ed to hefmlotatidhaPipded MhghdtRNAsk §PG&S tﬁ’c% e egﬁhgrthérﬁ{a‘agfgﬂaisk

particularly i n the case of a high-rotational -speed magnetic
devi ce, thesebdteaté aotordiigrng thibemimgireéniaetiaskabhubsidns as acmpacid it o
this enbodi ment remarkably appears as conpared with 10that of using a
magnet i $0di Hhatohibsing & wagnetistdigh subsinata of athenihanitihis inveniose]
The magnetic di sk %ég trate according to this enbodinent is
preferably used ald EI ass substrate to be nounted in a magnetic disk

ot o o o1 TR SRS, PR Rt ey
20. Onf sec oys8PESa glass substrate to be mounted in a magnetic disk device in which a
magnetic head scans an offset portion 14 present at the periphery of the glass
15  substrate at a linear velocity of 20.0m/sec or more.
[0087]
The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk with a touch-down height (TDH) of 3 to 4nm or less.
If the touch-down height is low, a crash tends to occur when the change of
20 offset formed on the glass substrate is large. However, using the magnetic
disk substrate of this embodiment, the change of an offset portion 14 can be
further reduced than conventional and, thus, even if the flying height of a
magnetic head (recording head) is reduced, it is possible to prevent the
magnetic head from being crashed.
25 [0088]
The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk having a high recording density of 200GBit/inch® or

more and more preferably 250GBit/inch? or more.  In the case of such a high



[ 0087] The magnetic di sk substrate according to this

enbodi ment is preferably used for a magnetic disk with a touch-down
height (TDH) of 3 to 4nmor less. |If the touch-down height is low, a
crash tends to occur when the change of 20offset forned on the gl ass
substrate is |arge. However, using the ?@gnetic di sk substrate of
this enbodi nent, the change of an offset portion 14 can be further
reduced than conventional and, thus, even if the flying height of a

I gt S DTS okt End R i

. " J e . ; f
mmgnet o ai ROHEE BIELAG bR DHEHIRK fiERoldng hEnFEATbE ATRE [O7 °
nore and nongy IR R AR Iuse 29 MBinaghBsd disRsubRie of thid &PbEAIRREfa &eR a

high 30 recording density, the tlying height of a recording head
needs to be chnmehsrevaraddcelt s heddisdsrtogay teatfthey magnbtic disk sabsttdie
recordi ng head can be further reduced by the use of the magnetic disk
substrat & ofaccondingeiptibigiineartiongan adgchbe suitably aprdiedie adllags sybstrate for
needl ess to say that the pmagnetic di sk substrate S5accordjn

. g,to this
i nvention c&SeaD 35NAEdG 3vingha recyding dgngfiyarmallgrdliqn theahoyp opdea
in a magnetic_di sk V] r [ i er k ] ve
o o a morded e bR Wb el BEMEEL RRARTREL e PR ASK e ol B oBRA
with a touc fh;(e?b‘h‘f"gréﬁéﬂhhn #Eab®Fe than the above. [0089] 10The
magneti c di sk 'substrate according to this enbodi nent is a disk-shaped
magneti c di sk subposgte having a flat main surface, an end face, and
a chanfered face I nterposed between the main surface and the end
face, WH8rein, atThepwmdnstiedisk ubstraigraceprdingiothisrenshedinest istther e
exists a raised portion raised in a directio erpendjcular to,a flat
surface, exd I‘%@egi Heagnstc sl sHPsTBisaYsha ﬂﬁﬁm?ﬁeﬁ CR &UPPAACCang
wherein, in_plan view o : ' r.fac t he
rai sed port AN St SHiRLbRE RlcReT b aED ki Bl ER el B ¢ sy
surround the @R S hefshethlldbriivh SPRE OdiBLAAYe, Wb i8I IrsiBEd portion
raised in a direction perpendicular to a flat .surface, excluding the peripheral
15  portion, of the main surface and wherein, in plan view of the main surface of the
glass substrate, the raised portion surrounds the main surface and the raised
portion may surround the main surface with an approximately uniform height.
[0090]
In plan view of the main surface of the glass substrate, the maximum
20 point of an offset portion 14 may be present in a range of 92.0 to 97.0% with
respect to the distance to the external of the glass substrate from the center of
the glass substrate as a reference.
[0091]
In plan view of the main surface of the glass substrate, an extreme
25 portion 15 of the raised portion circularly surrounds the main surface and the
circularity of a circle formed by the extreme portion 15 is preferably 600pum or

less.

[0092]



[0090] In plan view of the main surface of the glass substrate, the
maxi mum 20poi nt of an offset portion 14 may be present in a range of
92.0 to 97.0% wi th respect to the distance to the external of the

gl ass substrate fromthe center of the glass substrate as a
reference. [0091] In plan view of the nBin surface of the glass
substrate, an extreme 25 portion 15 of the raised portion circularly
surrounds the main surface and the circularity of a circle fornmed by

the extrenme porti ghe bhasdsSuBsRAR B!/ CiRVPH RN af i%sti‘%ntraﬁ%?rtion and, iﬁifbﬁan

gl ass substrate has a circular hole at 1ts central portion and,

pl an vi ew ofvidvihef imeirmaiswufface obthetdhessaiudsfraky balokBbRe pMti@X1S 6Mbe
portion 15 of the raised portion circularly surrounds the main
surface and raiged @Gﬁb@r‘iﬂrﬁUéﬂVﬁuﬁeW@Wew@'h sgtfacd endrtfe tnncehiicéxt r ene
portion 15 and a circle forned the 5Scircular hole at the central

portion is M%%%%Pvclﬁé@meqw@%_q%me pT693] S BRE ﬁ@fﬁﬁ”@eaibﬁhe
ubstr at & nayeng Bsed e BT RRAREE beckSraB VDB S e Rt e o

face interposed bﬁ)to\gg]an the main surface and the end face, wherein,
10in plan view of "the main surface of the glass substrate, a | owered

portion | owered Wrhéniampée Hisk@ubiigatgRicoordlid @aRisiebiydiveaied abet ween
the main surface and the chanfered face and the depth of the | owered

portion frosiskehapad glassrsubstsateehaving afigirrozinrsarfaby, améddiaceaand a
posi tions spaced fromthe center of the glass substrate by a _
pr edet er mi ngga@ efed  inipspegpglAetween the Main surface and the end face, wherein,

10 in plan view of the main surface of the glass substrate, a lowered portion
lowered with respect to the main surface is provided between the main surface
and the chamfered face and the depth of the lowered portion from the main
surface may be approximately uniform at positions spaced from the center of
the glass substrate by a predetermined distance.

15 [0094]

In the magnetic disk substrate according to this embodiment, it is
preferable that at least the end face be chemically strengthened and it is more
preferable that all the surfaces of the substrate be chemically strengthened. in
other words, in the magnetic disk substrate, it is more preferable that a

20 compressive stress layer be formed at the surfaces thereof. Particularly, when
the magnetic disk substrate is incorporated into a magnetic disk device adapted
to rotate at high-speed rotation (e.g. 10000rpm) or into a magnetic disk device
for use in a mobile application, the impact resistance is required for the glass
substrate and thus it is preferable that the compressive stress layer be formed

25 onthe surfaces of the glass substrate. Herein, the chemical strengthening is a
treatment for strengthening a glass substrate by bringing the glass substrate
into contact with a chemical strengthening treatment solution containing a

chemical strengthening salt to thereby exchange part of ions contained in the



In the magnetic disk substrate according to this enbodinent, it is
preferable that at |east the end face be chemcally strengthened and
it is nore preferable that all the surfaces of the substrate be

chem cally strengthened. In other words, in the magnetic disk
substrate, it is nore preferable that a320conpressive stress |ayer be
formed at the surfaces thereof. Particularly, when the magnetic disk
substrate is incorporated into a magnetic di sk device adapted to

rotate at higssRBefatedbaioheh {HR therdi®l QHERGeRhg tRI@mBnIRMRRIN Kavih s K
device for Use in a nobile application, the inpacCt resistance is

required fomntibtic ghdias grathetthab ¢handthefoanetions. preferabl e that the
conpressive stress |ayer be fornmed 25o0on the surfaces of the gl ass
substrate. Herei n[00BRE chemical strengthening is a treatnent for
strengt hening a gl ass sugitrate by bringing the glass substrate into
contact with a ch@AR@ElCHBEngt heni ng treatment sol ution containing a

Contained in the TahgnaRhicbRbHEh ER T LR P Birhe Rockftiponeto
strengt heni pegtd atarnit té?%%%@?"t‘% AANURZHAB rﬂ%;ﬁeg[m@ﬂ%k‘ﬁc&ir@iﬁb% tigan

that of the Torner 1ons. Magnetic D s by formng a
magnetic fi lemsudihset. alshee- thie magnetid fim@ieimed dnske sndgsietiatisk subsirate,
possi ble to manufacture a magnetic di sk according to this enbodi nent.
Si nce the milynshape ¢fid mairssdréacesd themeaoetimdinkid largsls aifecied by theeglasse
shape of a majn surface of the magrgeti c disk is g%r%gellé affectfeéj1 by
the glass s§HBSlalee. THEHS. inordenjo fppwvethe shape,0ithemeain syface Pl e
mai n surface of t.he.10 netic disk, it i [ e
shape. of 0t neIete Sl Recnereseal Bitnels e e SFARESRK hEpsPac Bt g
the magnet| @a@ﬁpbéﬂm r érh@ré#br%ghgﬁg%é Mabhbtc §9R bR discloskd in this
possi bl e to“manufacture the nagneti € di sk i nproved particularly in
shape of a petbdgeimest, itRopddditle @ nianefazaire tiseinfagaetic Sisk(mp@veagnet i ¢

di sk manufacturing nethod is known, a description thereof is omtted
15herei n. [ @agguiarly in shafhef apgrighdral whridn atiberaainguiface.hi Since a
enbodi nent may be a_nmagnetic disk to be nounted in a maﬁnet iLc disk
devi ce of t MeAQNeHA/iR BaRGENY MRS KoWRg REIESENMHOAINESOf FRIBHEdNd
unl oadeq Wi thh rrespect to the main surface through
5 erein.
[0096]
The magnetic disk according to this embodiment may be a magnetic
disk to be mounted in a magnetic disk device of the load/unload type in which a
magnetic head is loaded and unloaded with respect to the main surface through
20 its outer periphery. Since the flatness of the outer peripheral portion of the
glass substrate is high, the magnetic disk can be suitable for the load/unload
type.
[0097]
The magnetic disk according to this embodiment may be a magnetic
25 disk to be mounted in a magnetic disk device adapted to rotate it at a rotational
speed of at least 5400rpm or more.  Further, it can be suitably used even in a

magnetic disk device with a speed of 7200rpm or more or 10000rpm or more.

This is because since the flatness of the outer peripherél portion of the glass



20 its outer periphery. Since the flatness of the outer peripheral
portion of the glass substrate is high, the nmagnetic disk can be
suitable for the | oad/ unload type. [0097] The magnetic di sk according
to this enbodi mrent nay be a nagnetic 25 disk to be nounted in a
magneti c di sk device adapted to rotate %é at a rotational speed of at
| east 5400rpm or nore. Further, it can Dé suitably used even in a
magneti c di sk device with a speed of 7200rpm or nore or 10000r pm or

nore. This is, because. sipnce the flatness of the outer peripheral
bor i on of EHESEBLE RiodeMelh lsopes ity B fonterlheiiedt 1B Tk ik y

case of i gRnepeeaah AR e =8 B iy YR WiDooa)

5The magnet irgjihitKisasger ding to this enmbodi nent may be a
contact-sliding type recordi ng medi um (contact-recording type

recordi ng nedi un) [00B8] t he case of the contact-sliding type recording
medi um a recording head reads and wites in a state where it is in
sliding gontact wlbémagretiedisk@cdorsingtadhistemarasiment mby be@pr ovi ng t he
flatness, in thet%chrrferenti al 10direction, of particularly the

outer peri plERECEHEIRY Uﬁed?cqrﬁ@grfﬁ%%@i (eoRtackresaring ke rg@pr@%gcr i bed
cbove. L U SRR HMIBLER Ly SRS CREREShaRBeT T
TSR 80 AR P 108N SO
magneti c di skaghetic disk(dnar thedteke, tyimelovirfeiagRss) i tHe skostrteratial
nounted with the above-nenti oned nagnetic di sk substrate is
parti cull@r | girectianabf paribdarly theorwenpgrinheral godiongfithé oragaetiodisk
particul arl %ugétra% %Q_dséggr?tged above, it is possible to prevent jumping of the recording
head. This makes it possible to improve the signal quality and to prevent
damage to the recording head.
[0099]
15 (Magnetic Disk Device}

Then, by mounting the above-mentioned magnetic disk, it is possible to
form a magnetic disk device (hard disk drive). The magnetic disk device
mounted with the above-mentioned magnetic disk substrate is particularly
suitable when recording/reproducing information particularly at high-speed

20  rotation.
[0100]
777777 Although the description is being given centering on the outer peripheral
end face of the magnetic disk substrate, an offset portion 14 is also formed with
respect to the inner peripheral end face in the manner as described above. [t
25 is needless to say that an extreme portion 15 where rising in the offset portion
14 is maximum is preferably located at approximately the same distance from
the center of the glass substrate.

[0101]



20rotation. [0100] Al t hough the description is being given
centering on the outer peripheral end face of the magnetic disk
substrate, an offset portion 14 is also forned with respect to the

i nner peripheral end face in the manner as descri bed above. It 25 is
needl ess to say that an extrene portio 5 where rising in the offset
portion 14 is maximumis preferably |ocated at approxi mtely the sane
di stance fromthe center of the glass substrate. [0101] 34 (N@thod

Che Tor agoi ng. dosaHPHPR Sh MARGTGAMER B b of NSRS gk iAss &u%@te

subst rate 15 eval (T EdCHRREiork R S blurhicBeo o LIRS e o
a plurality cghigli %ﬁcﬁ’f RVnieR B SthRNS 1R ehii@ cgis@§§f §5B§§ cab&ratsiever,
t he neasurenent™ of the dub-off, ski junp, or the Iike takes a | ong

time and, cevaleatddby measdrirg du%b off,rekt peng e theeliel aterblbiclityosfedifferent
position. Thus, if neasuring 12 points as in the above-nentioned
embodi mebt , posgohean thesglaesaulpsithie.or HoweveruhetrneassireBences the dul-off,

substrates shoul d be nass-produced at | ow cost referable to
omt 10 useﬁlé'slgm:ﬁ’eaéh*}eé%ﬁﬁg%salﬂﬂsﬂ"%a Lrmgntly. f{"@ﬂ!b e minutes arey,

Cubetrate JeqfBENarhy Baaly MRSl HddRg TRHRRS Sof O obet rat o
surface may Bev bREG BRIbYAMREN, SAEhEEPIS F@ﬂﬂn’é@'fé‘ﬁor@sﬁﬂ&%a@fsﬁﬁcé’”

t he substrate sur ace 15I's a predeterm ned val ue or |ess, thereby

j udgi ng a gepdkdebeeitcy shpllddechasdvproeiuspeat fowcadst,)it isdrefessils enemit
process of neasuring the magnitude of offset may be divided into a
posi t i oh0 messeleesBTEASHraoREE AsaNUGteas pesaigdea position where of fset
(rising or |oweri nq) i s maxi rum and a val ue rreasur enment process of
measuring the det B1P&H magni t ude of offset. is considered that the

hod
P th 2°resol utson B! R it scuply @%ﬁﬁ@mﬁ ol o etes
and per f or Mg, 5o PRASWH RIRBRAbf Qﬁéé?tlﬂléing"ﬁglo‘vﬂarlﬁg)"bﬁ’%é &Hratd éhr?d?ﬂesmay be

pOSItI on measur enent process, al'th oug h the fesolution is
magni t ude ofmddzaraf émgwmnh@mamﬁsmr»@wgmﬂthe @ﬁséta)rnthb@nebtraecswrfacg

Therefore, when the magnitude of the

15 is a predetermined value or less, thereby judging a good/defective product.
More specifically, a measurement process of measuring the magnitude of offset
may be divided into a position measurement process of measuring a position
where offset (rising or lowering) is maximum and a value measurement process
of measuring the detailed magnitude of offset. |t is considered that the position

20 measurement process is, for example, a measurement method with a resolution
lower than that of the value measurement process and performs a
measurement quickly and in a wide range. In this position measurement
process, although the resolution is low, the magnitude of the offset can be
measured with certain level accuracy. Therefore, when the magnitude of the

25 offset clearly exceeds the range of good products, it is not necessary to carry
out a detailed measurement for that substrate. On the other hand, when the

magnitude of the offset falls within a range combining the range of good

products and an error range of the position measurement process, 12 points



250f fset clearly exceeds the range of good products, it is not
necessary to carry out a detail ed neasurenent for that substrate. On
t he ot her hand, when the magnitude of the offset falls wthin a range
conbi ning the range of good products and an error range of the
position neasurenent process, 12 pointsgz35 may be nmeasured in the
val ue neasurenent process as in the above-nenti oned enbodi nent.

[0103] Specifically, the position neasurenent process entirely scans

e T s e T
interferenc%bﬁ%jn?é:rﬁioﬁgﬁeﬁb% Aring apparatus and is capable of

specifying a position ere the nmagnitude of offset is maxi mum The
val ue measurement [(ppggess can neasure the detailed magnitude of

of fset using, for exanple, McroXam (manufactured by the sane
10conpany) as a hBgébeifieslyg) thtipositioptmezsuréméetrfrecessamtisely teares s hhre
measuring apparatus. [0104] _ Wth the configuration

descri beg alsgbstratptusing, frysxapipée, tQptitall (neautasped by IRhage &hift Sechnology,
measur enent and th:]ls to reduce the ti re uifraggsgor t he 15i nspection

process. | Oi@%] a¥d ‘?“P’fé‘_??o_“i‘ttonn%wicé'l ip FERNSPelY 8P MF@Peed hat
arter or aspiaglhes ARE K BROMBebiling B HOLIEA i tfe HRmBbTEE Fortll®
is maximum. The value measurement process can measure the detailed
magnitude of offset using, for example, MicroXam (manufactured by the same
10 company) as a high-resolution optical interference surface shape measuring
apparatus.

[0104]

With the configuration described above, it is possible to exclude
apparently useless measurement and thus to reduce the time required for the

15 inspection process.

[0105]

Further, it may alternatively be configured that, after grasping the
position where the magnitude of the offset of the glass substrate is maximum in
the position measurement process, the magnitude of the offset is measured

20 only at that position, i.e. at only the single point, in the value measurement
process.

[0106]

Then, in a judgment process, it is possible to judge whether the glass
substrate is good or not by comparing the measured maximum magnitude of

25 the offset with a predetermined value. When using dub-off as an offset value,
the offset value is £10nm or less, preferably +7nm or less, and more preferably
#5nm or less. The offset value measurement range can be set to a range of

92.0 to 97.0% from the center of a glass substrate assuming that the distance



t he position neasurenent process, the magnitude of the offset is

measured 20only at that position, i.e. at only the single point, in
t he val ue neasurenent process. [0106] Then, in a judgnent
process, it is possible to judge whether the glass substrate is good
or not by conparing the neasured maxi magni t ude of 25 the offset

with a predeterm ned val ue. When using dub-off as an of fset val ue,
the offset value is 10nmor |ess, preferably 7nmor |ess, and nore
preferably 5n

R e L

assum ng t hat the[oc\'ihﬁance 36 fromthe center of the glass substrate
to an end portion thereof is set to 100% [0107] As descri bed

above, by neasuriggdesdibetitolargeseasidmpdnipthd lAfycsubBédtatee it is
not necessary to performa neasurenent at a plurality of 5 positions.

Thi s makes stibgics,ibisenot oecessaratoqeriokmj aichgasmensent at apkiraldy akhi eve a
reduction in tinme of_the inspection process. [0108] It has
been deskri Besitienat THiemakesttpassiblgde snafiend quigkjuddngmi@edtighia s a

gl ass (anorphous gl ass .or .gl.ass .ceramic (crystallized glass) can be
used; as a g@'?fﬁ‘t’%%irﬁéu%lpné’? W&t%i*ﬂ‘? @paq:tg@s@/rog?% nosi i cate gl ass,
sodal i e gl ass, bl%rlﬁgj'[l icate glass, or the like). However, since this
invention relates to the shape of a magnetic disk substrate, this

invention is not khgkbean HesaibEaltBAtl tAE sObsitdte aFBaHARIg 16 thisSHvetibAlg at e
and thus can be suitably applied, for exanple, even to a substrate

made of al ugiassefamorphomaigEssalr gtessaerahen(crystallixed déass) chrbe alsodegs 45
however, a glass substrate excellent in substrate surface f|atness
and sub$@ r amaterial ehgoiatadke glasar aldminasificale alpshisadaine Blassapeopilicate

pr et erabl e PRt SRk, | BB ARt S iah ARk T TRERH & o ok
magnetic disk substrate, this invention is not limited to a material of the
magnetic disk substrate and thus can be suitably applied, for example, even to
a substrate made of aluminum or a material other than it. As described above,
15  however, a glass substrate excellent in substrate surface flatness and substrate
strength as compared with an aluminum substrate is preferable particularly for a
mobile device.
[0109]
The magnetic disk substrate according to this invention is a magnetic
20 disk substrate having a generally flat main surface, an end face, and a
chamfered face formed between the main surface and the end face and may be
configured such that, at the periphery of the main surface, there is provided an
offset portion 14 raised or lowered with respect to a flat surface, other than the
periphery, of the main surface, the offset portion 14 is continuously formed in
25  the circumferential direction of the main surface, and the maximum height
(maximum offset value) of the offset portion 14 in a direction perpendicular to
the main surface is approximately uniform over the entire circumference of the

substrate.



20di sk substrate having a generally flat main surface, an end face,
and a chanfered face fornmed between the nmain surface and the end face
and may be configured such that, at the periphery of the main
surface, there is provided an offset portion 14 raised or | owered
with respect to a flat surface, other tgan the periphery, of the main
surface, the offset portion 14 is continuously fornmed in 25the
circunferential direction of the main surface, and the nmaxi mum hei ght
(maxi mum of f set VﬁthLaOf the offset portion 14 in a direction

per pendi cul ar to in surface is approximtely uniformover the

entire circunfer e?ﬁstoﬁéetgﬂl}?tiéypfh{ U forméd [aﬁﬂ'ije.odutgfﬁeg@:hltegﬁ%rrtggiﬁriegn

14 may be fornmed at er periphery or the inner

mai n sur f aceefphéryd %Knéihas@ﬁdc@aga@tdk%r&?% n&YnEae dwkifbrriet Withgh hol e
inits center or may be forned at each of them In this invention, 5

when t he of firsetr hpter iniisrcebierios niay metbraededehclodf them. | iméris peentider y
and the outer periphery, at |east one of the offset portions 14 may

have t heSab#henrtbaoffeplapricgmpeis formed at pacheidhe indisr eetiplary and the outer

ticularly the out i the | Locity of a
P acor di ng. hPRPTRSIGRAaDE o R ol BORSAE 4B ERikole atoYe Trodionse

manuf act uri I I i . I i r

thi's ombodi Aaaee TharePRE=BE Hat eyt ek RoREnSRaRL R Snd
variation i RefoRi B &l exubrdinh B8R (sThigh h'aﬂeftl’ﬂ,faﬂﬁ(ﬁlé'-rﬂbnﬁﬂrfe%lcériaﬁ@. of the
substrate. By reducing varration in end portion shape of the '
substrate as descjlibtld above, it is possible to inprove the flying
characteristics of a magnetic head near_ the outernost 15periphery of
the di skO0 [0112] ﬁfh@&miga@wmg @magnguw@kawgdbemaﬂn@gct:ltsktstgtrate of
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the DFH heagh, g, GEBREEDISUNBR ddE direction of the substrate. By reducing
variation in end portion shape of the substrate as described above, it is possible
to improve the flying characteristics of a magnetic head near the outermost

15  periphery of the disk.

[0112]

The magnetic disk substrate according to this embodiment is preferably
used as a substrate of a magnetic disk adapted for a DFH (dynamic flying
height) head. [n the case of using the DFH head, the distance between the

20 surface of the magnetic disk and the closest portion of the head is much shorter
than conventional. However, in the magnetic disk substrate of this
embodiment, the height of undulation can be set to 20um or less and further to
12um or less.- The surface roughness of the main surface of the substrate can
be set to 0.15nm or less and further to 0.12nm or less. Thus, when the

25 above-mentioned magnetic disk substrate is used for a magnetic disk, it is
possible to further reduce a crash of a DFH head.

[0113]

(Example)



20surface of the magnetic disk and the cl osest portion of the head is
much shorter than conventional. However, in the magnetic disk
substrate of this enbodi nent, the height of undul ation can be set to
20gm or less and further to 12p.mor |ess. The surface roughness of
the main surface of the substrate can bggset to 0.15nmor |ess and -
further to 0.12nmor |ess. Thus, when the 25above-nenti oned magnetic
di sk substrate is used for a magnetic disk, it is possible to further
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nmagneti c di §iyepfien [appiiag! UTesbeahagnaiodiek sebgdiask ahdwiag@etic disk are
predet erm ned shape, such as a 53.5-inch disk (089m), a 2.5-inch

di sk (065mMimamaufart@-edrasha iagketjddisk Bavipg agpredeterminkd shske (02N a8 |
or a 1.8-inch magnetic_disk (048_rm1_|. _[&%}14]561) Shapi ng Process and
First LaPpi ReP-PEBEsi(0BIMIMed reryiED | gRmMm b%pr%méhré?[ﬁmabﬁmhé
met hod accordjing, to . this 10Exampl.e, . first, lappin ri,nding) is
applied to é3}*'\“38é’fs“dﬁ’bz-“ﬂ]"5?Q?F'i1k%'rbﬁh£§gri%'°6ﬁ%"*a@ﬁé'§”8r ass base
menber, then thi sogl@]ss base nmenber is cut, thereby cutting out a
gl ass disk. As th% ate-like glass, one of various plate-like

gl asses can be usgqiSh'gbi Moaéss Ak Birgl LlappingaProbesgranuf act ured, for
exanpl e, by a known manutfacturing nethod, such as a pressing nethod,

a float nethod, 1B thedoagndtiawisketubstiateamarufaciniing meshdohaccasding 6 tes$ on
met hod, using a nolten glass as_a materjal. Anpng the i f the

pr essi n$0 meExampis; figsldapping doinding)-is rBligs Rsuiriaans pka iRk 01358 P at
OO0t A R BB Ry LS BLok el R %0 SR O
SR urnen, P R ESL i Bhie seBES ORGP e
the like. glasses can be used. This plate-like glass can be manufactured, for example,
by a known manufacturing method, such as a pressing method, a float method,
15  a downdraw method, a redrawing method, or a fusion method, using a molten
glass as a material. Among them, if the pressing method is used, the plate-like
glass can be manufactured at low cost. As a material property of the plaie-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an
20 aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
used in terms of capability of being chemically strengthened and capability of
providing a magnetic disk substrate excellent in main surface flatness and
substrate strength.
25 [0115]
In this Example, a molten aluminosilicate glass was molded into a disk
shape by direct pressing using upper, lower, and drum molds, thereby obtaining

an amorphous plate-like glass. As the aluminosilicate glass, use was made of



Particularly as the anorphous glass, the alum nosilicate glass can be
preferably used in terns of capability of being chemcally

strengt hened and capability of providing a nagnetic di sk substrate
excellent in main surface flatness and substrate strength. 25[0115]
In this Exanple, a nolten alum nosilicatg gl ass was nolded into a

di sk shape by direct pressing using upper, |lower, and drum nol ds,

t hereby obtai ni ng an anorphous plate-like glass. As the

al um nosilicate as use was . made of. .39 a.glass f.or chem cal ..

2t r engt heni AR oh chamitar Sy RhichipaRutt 23 tasBoomieRb iRy Sia,
Al 203: 5 to533WEKdi 2003 %: d\f&ao % 6]
Then, | appi r?é?twas a%b%gga'?g&%%%’n%?cﬁrﬁghr acééﬁgbq%%?@%lfgtﬂg%ke

gl ass, 5 thereby matg] ning a di sk-shaped gl ass base nenber. The

| appi ng was carried out using a double-side | appi ng machi ne enpl oyi ng
a planetary gear Treehdapsng wiasappled tosteotbimaih suifazeshe dleel plate ke glass,
abrasive _grains. Specifically, the |apping was carried out by _
pressi ngdl afiraly sbigfninga siseepsdtrsshase sugmbries THE lapRingvas ealrieke

gl ass fromthe upper, a |, r sides,,.supplying a _10grinding liquid
Qontai ni ng. eHbu P8 doBlesside FppiioiTaenits o A kAR 831 ¢ re

pl ate-1i ke ; ; iV 0 oL I he
surface pl a’?'ll eé}%t% (r)usg‘l;\gﬁﬁ gieﬁgeére. &Jé{yu%:és%aeggreﬁgétﬂ%ﬁ\e’% "gka?\;\%sg 0 a(.:ﬁ%g” 't he
gl ass base mRiRBpinGWASEartiSE ofd B preBEiRgS riadeQHdiéh ohRf Bath
Cutting-Qut Pr oggg‘g (Corirr{g, 0Fobrwimpng,I &%Hndfigi ng% B ° Then, the

gl ass base wsuribess ofdbe plate-liss gigss frdmatime nuppevane ower lseiesbyuppifibg ag out
a di sk-shaped &I ass substrate fromthe glass base nenber. Then, using
a cylind®i carinding ligwid cgntaining e iremabragtedraias ongr wednain sarfeess efrthe

DO o0 O e a8 e o R S e S R B
e i ones P FREPEREL SN oPRELENRE Bt bRt et bR
chant eri ng) halifd ¥ flat main surfaces.

[0117]

15 (2) Gutting-Out Process {Coring, Forming, Chamfering)

Then, the glass base member was cut using a diamond cutter, thereby
cutting out a disk-shaped glass substrate from the glass base member. Then,
using a cylindrical diamond drill, an inner hole was formed at a center portion of
the glass substrate, thereby obtaining an annular glass substrate (coring).

20  Then, grinding was applied to an inner peripheral end face and an outer
peripheral end face using diamond grindstones, thereby carrying out
predetermined chamfering (forming, chamfering).

[0118]

(3) Second Lapping Process

25 Then, second lapping was applied to both main surfaces of the obtained
glass substrate in the same manner as in the first lapping process. By

performing this second lapping process, fine irregularities formed on the main

surfaces in the cutting-out process or an end face polishing process as a



(3) Second Lappi ng Process 25Then, second | apping was applied to both
mai n surfaces of the obtained glass substrate in the sane manner as
in the first |apping process. By performng this second |apping
process, fine irregularities formed on the main surfaces in the
cutting-out process or an end face polighing process as a 40
precedi ng process can be renoved in advance, so that it becones
possible to conplete a subsequent main surface polishing process in a

short ti mEp gﬁoc%#ﬁg aérézesg,f]&rF@&?erﬁatéhd%n'apqaﬁéeosgsﬁaﬁ T5Eom dd o5t to

and i nner aces o ass su stra
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pol i shing abrasive grains, use was nmade of a slurry (free abrasive
grai ns) containi n@i¢gyi um oxi de abrasive grains. [0120] 10Then, the
gl ass substrate having been subjected to the end face pollshlng
process was washe@d) mndri-agetRelishBg fmressend face polishing process,

the end faces of the gl ass substrate wer e hed a mr
surface 8tate thaTh%ra% %Pétﬁéﬁf‘ PIEEiRSTPReR ‘f"ln(%) C@B(? Qﬂ%s ﬁﬁ}sgggq um
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remai ning on t In surfaces during the above-nentioned | apping
processes. koritimickidd dighsipelgraihé.ng process, the main surfaces were
pol i shed using a 20 doubl e-si de polishing machi ne having a pl anetary
gear nechani sm wi [0i20he use of a hard resin polisher. Cerium oxide

abrasive grains were used a
10 g Then, the glass substrate having been subjected to the end face

polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.
[0121]
15 (5) Main Surface Polishing Process
A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains
remaining on the main surfaces during the above-mentioned lapping processes.
In this first polishing process, the main surfaces were polished using a
20 double-side polishing machine having a planetary gear mechanism with the use
of a hard resin polisher. Cerium oxide abrasive grains were used as a
polishing liquid.
[0122]
The glass substrate having been subjected to the first polishing process
25 was immersed in respective cleaning baths of neutral detergent, pure water,
and IPA (isopropyl alcohal) in turn so as to be cleaned.
[0123]

Then, a second polishing process was carried out as a main surface



polishing liquid. [0122] The gl ass substrate having been subjected to
the first polishing process 25 was imersed in respective cl eaning
baths of neutral detergent, pure water, and | PA (isopropyl alcohol)
in turn so as to be cleaned. [0123] Then, a second polishing process
was carried out as a main surface 41 pg|ishing process. This second
pol i shing process ains to finish the main surfaces to a mrror
surface state. In this second polishing process, the main surfaces

' - pal i.shed ' doubl e- si | i shi hi havi,
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subj ected to the second polishing process was i nmmersed in respective

cl eani ng batpfeneatdry meat mechdeiserngidnthe ysersd aldbiiaesin, foamddlister( i e opyl
al cohol) in turn so as to be cleaned. An ultrasonic wave was applied
to each Bl emelisn®iauid, ys183 masl aferiBaxds aAgYASrAIRYTiFedhes he
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[0124]
The glass substrate having been subjected to the second polishing
process was immersed in respective cleaning baths of neutral detergent, pure
10  water, and IPA (isopropyl alcohol) in turn so as to be cleaned. An ultrasonic
wave was applied to each cleaning bath.
[0125]
(6) Chemical Strengthening Process
Then, chemical strengthening was applied to the glass substrate having
15 been subjected to the above-mentioned lapping processes and polishing
processes. The chemical strengthening was carried out by preparing a
chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate {40%), heating this chemical strengthening solution to
400°C and preheating the cleaned glass substrate to 300°C, and immersing it in
20 the chemical strengthening solution for about 3 hours. The immersion was
carried out in a state where a plurality of glass substrates were placed in a
holder so as to be held at their end faces, thereby enabling the entire surfaces
of the glass substrates to be chemically strengthened.
[0126]
25 By performing the immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface layer of

the glass substrate are replaced by sodium ions and potassium ions in the

chemical strengthening solution, respectively, so that the glass substrate is



15 been subjected to the above-nentioned | appi ng processes and
pol i shing processes. The chem cal strengthening was carried out by
preparing a chem cal strengthening solution in the formof a m xture
of potassiumnitrate (60% and sodiumnitrate (40%, heating this
chem cal strengthening solution to 400G#nd preheating the cleaned
gl ass substrate to 300C, and imrersing it in 20 the chem cal

strengt heni ng solution for about 3 hours. The inmersion was carried

out |nasta ere.a ualit Q ass substr at din a
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entire surf LIRS E R

st rengt hene%ﬁﬁ?ﬁf%}wg%%%aggeﬁsor mr% ﬁﬁ%a?‘%‘@rogpwc’?g tment in the
chem cal strengthgnigrg solution as descrl bed above, lithiumions and
sodiumions in a surface | ayer of the glass substrate are replaced by
sodi um i ons and pOhagtissraubeinate rravtrigd)ardmemquﬁed;tcrteeg:thhemahg

solution, respectively, so that the glass substrate is,
strengt héne@strenrg@eﬂwgdr@eé@gnbwa&m@ﬁmeés@ weater patbat I2§y@t‘-50f3értﬁé’@ at
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acid heated to about 40C, so as to be cleaned. Further, the glass

substrat e hay thegsuiieeio asidoglearnieg was imhersad muespeaweatleanematgs wBgure

i mrersed in respective cleaning baths of pure 10 water and IPA in
turn sol8s tatgrans E4rsdurnpasto be cleaneddy performing the first

| appi ng process, &H% utting-out process, the second | appi ng process,
the end face poIi i g process, the first and second poli shing
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magnet i c- di $kcond lapping process, the end face polishing process, the first and second
polishing processes, and the chemical strengthening process as described
15 above, there was obtained a flat, smooth, and high-rigidity magnetic-disk
substrate.
[0129]
(7) Inspection Process
An inspection was conducted about the shape of an outer peripheral
20 portion of the obtained magnetic disk substrate. An inspection process
comprises a measurement process of measuring offset values and an extreme
portion 15 at a plurality of positions in the circumferential direction of the glass
substrate and a judgment process of judging whether the glass substrate is
good or not based on the measured offset values and extreme portion 15.
25 [0130]
(8) Magnetic Disk Manufacturing Process
On each of both surfaces of the glass substrate obtained through the

above-mentioned processes, an adhesive layer of a Cr alloy, a soft magnetic



substrate. [0129] (7) Inspection Process An inspection was conducted
about the shape of an outer peripheral 20portion of the obtained
magneti c di sk substrate. An inspection process conprises a

measur enent process of measuring offset values and an extrene portion
15 at a plurality of positions in the cigcunferential direction of
the gl ass substrate and a judgnent process of judging whether the

gl ass substrate is good or not based on the neasured offset val ues
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perfluoropolyether lubricating layer was formed by a dipping method, thereby

10  obtaining a magnetic disk.

[0131]

This structure is one example of the structure of a perpendicular
magnetic disk (PMR: Perpendicular Magnetic Recording), while, magnetic
layers and so on may be formed as a horizontal magnetic disk (LMR:

15 Longitudinal Magnetic Recording). This makes it possible to manufacture a
magnetic disk having high-level flatness also at an outer peripheral portion of a
main surface thereof.

[0132]

(9) Magnetic Disk Device Manufacturing Process

20 By incorporating the above-mentioned magnetic disk into a device, a
magnetic disk device was manufactured. Since the structure of a magnetic
disk device is known, a detailed description thereof is omitted herein.

[0133]

{Example 1)

25 By applying the following polishing conditions to the second polishing
process of (5) Main Surface Polishing Process described above, a magnetic
disk substrate, a magnetic disk, and a magnetic disk device were manufactured.

In this Example 1, a 2.5-inch disk (¢65mm) was manufactured. The specific



This structure is one exanple of the structure of a perpendicul ar
magnetic di sk (PMR Perpendi cul ar Magnetic Recording), while,
magnetic | ayers and so on may be forned as a horizontal magnetic disk
(LMR: 15Longi tudi nal Magnetic Recording). This makes it possible to
manuf acture a magnetic di sk having hi ghgdevel flatness also at an
outer peripheral portion of a main surface thereof. [0132] (9)
Magneti c Di sk Device Manufacturing Process 20By incorporating the
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(Exanpl e 1) y applying t ow ng polishing c tions to t
second pol i $4end oIEeHRingS arldbthe MrbdesSingfreesuteltd StRA)g  Riope esecifically,
descri bed above, a nmagnetic disk substrate, a magnetic disk, and a
magnet i ¢ di $he deeessingupressoeminfibe finalgublishingtpideesEwveaspthanged in VG- i nch
di sk (065m) was manufactured. The specific 44 polishing conditions
were such t isigestse thak aiesreriarming palishig 3ad@ailayosessingPigssurgdier C
har dness) , rain size af rasives.to 1. .0(i1l t.he processing
fate to b sBlrarpRa mredd i ond PP s Bhinegvs Bolded 4 GpRRFETRE, ¢
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was changed™ i n two 5stages so that, after pertormng polishing at a
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was performed at a processing
processing pressure x processing rate) was 2.7.
10 [0134]

(Comparative Example 1)

A magnetic disk substrate, a magnetic disk, and a magnetic disk device
according to Comparative Example 1 were manufactured by the
above-mentioned manufacturing method except that the polishing conditions of

15 the second polishing process were set to the following conditions. The specific
polishing conditions in Gomparative Example 1 were such that the hardness of
polishing pads was set to 85 (Asker C hardness), the grain size of abrasives to
1.0(um), the processing rate to 0.60{um/min}, and the processing pressure to
12.0(Pa). In this polishing process, polishing was carried out while maintaining

20 a main processing pressure of 12.0(Pa) without dropping the processing
pressure thereafter. In this event, the product of the main processing pressure
and the processing rate (main processing pressure x processing rate) was 7.2.

[0135]

(Comparison between Example 1 and Comparative Example 1)

25 The shape of an extreme portion 15 present at the periphery of a main
surface of each of the magnetic disk substrates manufactured as shown in

Example 1 and Comparative Example 1 was inspected by the following method.

[0136]



pressure of | (Pa) for a time half the predetermned tinme. In this
event, the product of the main processing pressure and the processing
rate (main processing pressure x processing rate) was 2.7. 10[0134]
(Conpar ative Exanple 1) A magnetic disk substrate, a magnetic
di sk, and a magnetic disk device accordjyfg to Conparative Exanple 1
wer e manufactured by the above-nenti oned manufacturing nethod except
that the polishing conditions of 15the second polishing process were
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{(manufactured by Phase Shift Technology, Inc.): objective lens magnification;
2.5 times, intermediate lens magnification; 0.62 times, measurement
15 wavelength; 553.2nm, measurement region; 3.58x3.88mm, resolution; 752x480
pixels}. Then, the position of the vertex was measured at 12 points in iotal by
rotating the glass substrate per 30° in the circumferential direction.
[0137]
That is, the maximum offset value measured by the above-mentioned
20 method represents the magnitude of the offset between the above-mentioned
straight line connecting R1 and R2 and the vertex {extreme portion 15) of the
above-mentioned raised portion.  The results are shown in Fig. 3.
[0138]
As shown in Fig. 3, the change in height of the glass substrate in the
25  circumferential direction is small in Example 1 as compared with that in
Comparative Example 1. Specifically, the change difference in Example 1 was

2.86nm, while, the change difference in Comparative Example 1 was 16.10nm.

[0139]



and having heights that differ in the circunferential direction.
Herein, the 10 distances fromthe center of the substrate were set to
29.9mm (R1) and 31.5mm (R2), respectively, and, as a neasuring
apparatus, use was nmade of an optical interference surface shape
measuri ng apparat us (hAcroXan1(nanufact¢ged by Phase Shift

Technol ogy, Inc.): objective lens magnitication; 2.5 tines,
internediate | ens magnification; 0.62 tines, neasurenent 15

wavel engt h; 553. 2 renent reqgion; 3.58x3.88nm resolution;
752x480 pi xel s). wﬁ%moﬁ?ﬁtidﬂﬂ%”?ﬁe vertex was measured at 12
points in total by.r | ?ﬁ : o d: :
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t he of fset bet'ween the above-nentioned straight |ine connecting R1
and R2 and Bxampé t @xd Comparatvepbxdample 113)e ofaghbiic diblodeviceshweotned

rai sed portion. The results are shown in Fig. 3. [0138] As shown in
Fig. 3, Bhemsanufrmpured, ard gheadignioadiapt was condusteat eSpecificady, the test
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As described abovg,4after manufacturing the magnetic disks in which a
magnetic | ayer was forned on the magnetic di sk substrates according
to Exanple 1 and Aeaprasait,iivthetomenlf ¢hd magheticrdighe acarding ko Exampss 1
wer e Smanufactured, and a | oad/ unl oad test was conducted,

Speci fi t@l | pndiGenpasstvalaxaraplert, 8@ wagh pecuring avesdy repeating Hpsk

otati onal oped ol SRR P OURRP LSS L ORANE. TR
the magnetic disk of Comparative Example 1, a crash occurred in a load/unload
test of 2000000 times.
[0141]

15 On the other hand, when a load/unload test was performed by setting
the rotational speed to 7200rpm, while no crash occurred even by repeating the
load/unload 1000000 times in the case of the magnetic disk according to
Example 1, a crash occurred in the case of the magnetic disk according to
Comparative Example 1 when the load/unload was repeated 800000 times.

20 [0142]

From this result, it is seen to be important that, as in this invention, the
magnitude of the offset of the extreme portion (vertex of the raised portion) 15
of the offset portion 14 present at the periphery of the main surface of the glass
substrate be approximately uniform over the entire circumference of the glass

25 substrate.

[0143]

Although the description is being given using the vertex of the raised

portion as the extreme portion 15 of the offset portion 14 in this Example, this



[0140] As a result, in the case of the magnetic disks according to
Exanple 1 10 and Conparative Exanple 1, no crash occurred even by
repeating the | oad/unl oad 1000000 tines at a rotational speed of
5400rpm Wth respect to the magnetic di sk of Conparative Exanple 1,
a crash occurred in a | oad/unload test g 2000000 tines. [0141] 150n
t he ot her hand, when a | oad/unload test was perforned by setting the
rotational speed to 7200rpm while no crash occurred even by

(i ok accor iS00 EXARDF DAYy UaF ANRIGR B S o TP bee 0B Bt grerne

magneti c di CC ' raf i a | oad
was repeat e%g%yo%%#gn%i&t%ﬁ%%% "‘I(ﬁaﬁé, fﬂ?—zlpfag:ln\? ?ﬁ?‘g ar%reh;?)lglbig%gﬂb Iéi s
seen to be ioBRAKSEH) célh"@ﬁ% tHSmhghitudleSof IOFYEINSfitRa exitdifie MBEIDIN 1ol QyHele t he
of fset of the extrenme portion (vertex of the raised portion) 15 of

t he of fset powdringnis taximesetd babppiloginpeeiypndoym olvet the emiiren sur f ace of
the gl ass substrate be approximately uniformover the entire

ci r cunf ePengécynfargrcepiasglagssupsitatet e. [ 0143] Al t hough t he
description is betQH% gi ven using the vertex of the raised portion as
the extreme porti 45 of the of fset portion 14 in this Exanple, this

47 invention Can@%ﬁ?ﬁ%ﬁ%ﬁ“@%ﬁ?ﬂ%ﬁ ey point of a | owered

portion as an ext _ set portion 14. That is,
the same effect agegbMeesHeR (Bﬁd@BFt%‘nr&ﬁPQyoﬁﬁé%ﬂﬁhér?%f fROMgIude of
of fset of the extrene portion 15, where [owering is maxi num to be
appr oxi mat elsyrface diothennoakgretit liskenbstrateSeas exarhieegncan ekamirgitias svas

substrate. [0144] (C) Specification of Surface Shape
10  made of the influence of the concentricity and circularity of positions of the

extreme portion (vertex of the raised portion) 15 of the magnetic disk substrate
in which the magnitude of the offset of the offset portion 14 present at the
periphery of the main surface of the glass substrate is approximately uniform
over the entire circumference of the glass substrate (Example 1 described
15 above). Further, another magnetic disk substrate in which the concentricity
and circularity of positions of an extreme portion (vertex of a raised portion) 15
are lower than those of the above-mentioned Example 1 was prepared as
Comparative Example 2. This magnetic disk substrate of Comparative
Example 2 was manufactured by setting the processing pressure and the
20 processing rate in the final polishing process to be different from those in the
above-mentioned Example 1. Specifically, the magnetic disk substrate of
Comparative Example 2 was manufactured by setting the processing pressure
to 8.0(Pa) and the processing rate to 0.45(um/min) for the glass substrate. In
this event, the product of the main processing pressure and the processing rate
25 (main processing pressure x processing rate) was 3.6.
[0145]
An optical interference surface shape measuring apparatus (OptiFlat

{(manufactured by Phase Shift Technology, Inc.)) was used for the measurement.



Next, the shape (end portion shape) of the periphery of the main
surface of the magnetic di sk substrate was exam ned. An exam nation
was 10nmade of the influence of the concentricity and circularity of
positions of the extreme portion (vertex of the raised portion) 15 of
the magnetic di sk substrate in which t magni tude of the offset of
the offset portion 14 present at the periphery of the main surface of
the glass substrate is approximtely uniformover the entire

Fur ther . anoiiGiatR AR Eon S QUURr 1T BOPRRRIEEh THE SoruaReEr o
and circul aﬁ\hi&ﬁéx%éw 8&5&;})58%0?% an extrene portion (vertex of a
are

rai sed portion) ower an those of the above-nentioned
Exanple 1 was pre[@aagp as Conparative Exanple 2. This magnetic disk
substrate of Conparative Exanple 2 was manufactured by setting the
processi ng pressuAg aansult, itev29fnuad ¢sstithg endipertion dhiapefaf tied glpss i shi ng
process to be different fromthose in the above-nentioned Exanple 1.
Speci fi cal | gubstraiesrabRsampledi and Sapweralive EspMpergayas 2 sl-lERBHRRE 2

f d by . [ h Iy, 8.0(P d
the proceas /g 1o 415 GragsmeyBa ly CrotisenED o BecveciendPraee bpflefy
t, th : [ ' h j
Fate. 25(mai HopPu SR BBl B R SR By Bt R PR R

An optical iFhBES 8] SRIBPISEEAARS 1S aRBIFBARBHE bNHe PRBRBAY thel AMdxFh #e
(manuf actured by Phase Shift Technol ogy, Inc.)) was used for the

measur enment circr8fe@ttiaFdmtction, thavpasitionesfdhe veex was nveadeardadhat 12 points in
measurement range as conpared with M croXam described above. l;0146] :
As a re30l t fotatbywetatinguhel olasatsubpisaterngr 86r i 1ba chpuméerantialgiregliess 5
substrates of

Ex le 1 d Co Lve, le 2 Ki - j
Substrates oo DXEIBLS oa Bie BRR b W E IR e B i e
T POTA 8 f sl ) ROV B 01 g

di spl acement; 50f iidgkipappti on of the vertex in the circunferential
direction, the position of the vertex was neasured at 12 points in
[0147]

15 As a result, as shown in Fig. 4, it was found that the extreme portion 15
formed at the periphery of the main surface of the magnetic disk substrate
according to Example 1 was lbcated at approximately the same position
(distance) as seen from the center of the glass substrate and, specifically, was
located in a range of £0.2mm with respect to 30.6mm from the center of the

20 glass substrate. On the other hand, in the case of Comparative Example 2, it
was found that the extreme portion 15 was located in a range of £1.4mm with
respect to 30.6mm.

[0148]
The circularity of the magnetic disk substrate according to Example 1

25  was 0.40(mm)} and the concentricity thereof was 1.07{mm). On the other hand,
the circularity of the magnetic disk substrate according to Comparative Example
2 was 2.60(mm) and the concentricity thereof was 5.68(mm}. With respect to

the height (offset value) of the extreme portion 15, the values were



10total by rotating the glass substrate per 30 in the circunferenti al
direction. The results in this event are showmn in Fig. 4. Fig. 4 is a
di agram showi ng the results of neasuring the radial position of the
extrene portion (ski-junp point) 15 of the ski junp. [0147] 15As a
result, as shown in Fig. 4, it was founghthat the extrene portion 15
formed at the periphery of the main surface of the magnetic disk
substrate according to Exanple 1 was | ocated at approxi mately the

sanme positi g p c%rﬁ&t%ﬁptﬂ 5%51@5;&2@9 %{n?&wegeofﬁghq e Pfan ??odrgéﬁgﬁ\/e ‘h

substrate an Speci Ina rang ok

respect to \%_Q(a promthe center of the 20 gl ass substrate. On the
ot her hand, in the case of Conparative Exanple 2, it was found that
the extreme porti[@4%p was located in a range of 1.4mmwi th respect
to 30.6mm [0148] The circularity of the nagnetic di sk substrate
according to Exanﬁhmiomem@wmmmdgmaml@ eod EomparativeyExanaple &,
was 1.07(nmm . On the other ecu arlt of the magnetic disk
subst r at a@d%‘f“ypﬂlﬁagée%d‘f?& P@t@ I’_ﬂ(}ﬁ’ﬁtﬂ 9”9@@”?' sogeyraasat One

Corset val dgpo@BnEnaiSRebng® ser st hha SEREBEA e bIE ABR: S v
appr oxi mat eleyehhtheSHiRYy hélghth éﬁeegﬁaﬁﬁg’ﬁéad)&a@&rm'ﬁoho%ﬂ %@%&Hﬂ ve
Exanpl e 2. [0149] Then, for the above-nentioned Exanple 1 and

Conpar at i ve nbxaagh eccirreld eveh bydépedtingdhé &eid/wasad 00B0000aédinwhé ehse
the rotational speed was set to 10000rpm This test was carried out

in a state of Exampgnbivhiledindhke chse phCempatstive Exampie 2 mgraisbioghtrred a

recordin d S se 0 to 1Onm As a result, no crash occurred
even by 8e ienﬁv@e Ll RS RPAIRTHRRNNOHImRS iIn Expmpleytdn die case

oceurr Sdl’lo% oo bR B SR 0 B S BEBb Pt SV etRE
Example 1, {dhdaifg %?egl%aefunﬂ)aﬁofoﬁ)bbgﬂﬁh]e%loeed of 5400r pm and 7200r pm
no crash occurred even by repeating the | oad/ unl oad 1000000 ti nes.
[ 0150] [0150] ‘
Further, despite the offset values in the magnetic disk substrates were
15 approximately the same in Example 1 and Comparative Example 2, a crash
failure occurred with the structure of Comparative Example 2 when a glide test
was carried out at high-speed rotation. On the other hand, no crash failure
occurred with the structure of Example 1. This is presumably because even if
large (not small) ski jump is present, since the circularity or concentricity is high
20 (value is small), the change {roughness or undulation) of the substrate surface
in the circumferential direction is small. Further, as a result of many tests, it
was found that the circularity was preferably 600um or less and the
concentricity was preferably 1200um or less.
[0151]
25 From this result, it is seen to be most preferable in terms of rotating the
magnetic disk at high speed that the extreme portion 15 be the same in radial
position and small in height change in the circumferential direction of the glass

substrate.



Further, despite the offset values in the nmagnetic disk substrates
were 15 approximately the sane in Exanple 1 and Conparative Exanple
2, a crash failure occurred with the structure of Conparative Exanple
2 when a glide test was carried out at high-speed rotation. On the

ot her hand, no crash failure occurred vgh the structure of Exanple
1. This is presumably because even if large (not small) ski junp is
present, since the circularity or concentricity is high 20(value is
smal 1), the chang (Séfughness or undul ation) of the substrate surface
in the circunferential direction is small. Further, as a result of
many tests, it wag)iMsdidaddiptfedihe circularity was preferably 6001. 1m
or less and the concentricity was preferably 1200jimor |ess. [0151]
25From t hi s resul A madulat®nsesiwaocdreiuctest fopihef reagidie diskd artaipedin
rotating the magnetic disk at high speed that the extrene portion 15
be the sameExampladli and Sisnparstiveangarsplelll. iSpeniéicgiin adhedtdetigmwashe

i nf tial directi f the gl te. .50 2
Nbdul at | B TEREURTIAUIGAOPESE Sikices a0 aum B £t hagiedre
di sk bt ai ned i I i Lfdcally,
a modul at | ol et o SHRER, Face BRGRBR Al ey SR ke BRI 670
(R1) and 31.5m*n(¢83]53fr0mthe center of the 2.5-inch (outer dianeter
r

65mm ) gl ass substrate. [0153] Specific neasurenent conditions
followed the follgyédi megseratnt tdpnditons followed the following sequence (1) to

(3).
10 [0154]

(1) Set a magnetic disk in an electromagnetic conversion
characteristic measuring apparatus (Guzik Technical Enterprise) and, after
loading a magnetic head {DFH (dynamic flying height) head) on the magnetic
disk, write a MF pattern (frequency half a high frequency used for a hard disk).

15 [0155]

(2) Input a read signal into an oscilloscope.

[0156]

(3) Derive a modulation per sector at an arbitrary radial position within
the above-mentioned range.

20 [0157]

As a result, in comparison between Example 1 and Comparative
Example 1, modulation values were better in Example 1.

[0158]

Further, the same modulation test as above was conducted using

25 magnetic disk substrates having the same variation in maximum offset value as
Example 1 (substrate in which the height of a raised portion is uniform in the
circumferential direction), but having different circularity and concentricity from

each other. As a result, modulation values were excellent for those in which



(3). 10[0154] (1) Set a magnetic disk in an el ectromagnetic
conversion characteristic nmeasuring apparatus (Guzik Techni cal
Enterprise) and, after |oading a nagnetic head (DFH (dynam c flying
hei ght) head) on the magnetic disk, wite a M- pattern (frequency
hal f a high frequency used for a hard disk). 15[ 0155] (2)

I nput a read signal into an oscilloscope. [0156] (3) Derive a
nodul ation per sector at an arbitrary radial position within the

above- nent i ; L i
ot veen Exary S eE wad NRbat or legs and i bricERthy a8 cOBERRS ISEE

better in Exgigl iethe citddbB) aftl cohintridit) tlevRl@roMAHESS VADed aré as
above was conduct ed using 25 magnetic di sk substrates having the sane

vari ati on i moratiomresiliseerevddqraders Hix &xpinplel @ad GormeerativenExdmpls 1,
the height of a raised portion is uniformin the circunferential

di rection), Urinagasingisss vees eanutsckeed Hrpdentha samesndiionscity from
each ot hgr. As a qu]%gtt nodul ati on val ues were excellent for those
in which™ 51 the larity was 1200jimor |ess and the
concentricity was é&%lé or less, while, if the circularity and
concentricity devs ate Tromthese values, the nodul ation results were

degraded. |n Exanpigesis amehgramistoding/Rersamel & reasufifig ROmekinturfli sks
wer e manuf actured under the sanme conditions. 5[0159] ((]Exarrpl e 2)

Fig. 5 is aoffseigraiim Strow stepigitdine esahéctingftwoeabitrarynppibisevithares pehto
of fset value froma straight |ine connecting two arbitrary points
wi th respectExaBPEsE P &ompaiativeorrrpeleid/ e “E%éﬁﬁﬂp@ 3.the pragessipo avas,
the pr O?GSSipgﬁoyn\@esd under the same conditions as in the above-mentioned Example 1
and, in Comparative Example 3, the processing was performed under the same
conditions as in the above-mentioned Comparative Example 1. For
comparison, Fig. 5 further shows Example 1 and Comparative Example 1.
Like the results shown in Fig. 3, the position of the vertex (extreme portion 15)
15 in a ski-jump shape was measured at 12 points in total by rotating a glass
substrate per 30° in the circumferential direction.
[0160]
As shown in Fig. 5, in Example 2, the maximum offset values are higher
on the whole than those in Example 1, but the change (maximum-minimum} in
20 height in the circumferential direction of the glass substrate was still smaller
than that in Example 1. On the other hand, in Comparative Example 3, the
change was smaller than that in Comparative Example 1, but as seen from a
graph, fhe maximum offset values irregularly go up and down. In general, the
change differences in Example 1 and Example 2 were as small as 2.86nm and
25 1.95nm, respectively, while, the change differences in Comparative Example 1
and Comparative Example 3 were as large as 16.10nm and 12.50nm,
respectively.

[0161]



10 perforned under the sanme conditions as in the above-nenti oned
Exanple 1 and, in Conparative Exanple 3, the processing was perforned
under the sane conditions as in the above-nenti oned Conparative
Exanple 1. For conparison, Fig. 5 further shows Exanple 1 and

Conpar ative Exanple 1. Like the resultsh&ahown in Fig. 3, the position
of the vertex (extreme portion 15) 15in a ski-junp shape was neasured
at 12 points in total by rotating a glass substrate per 30 in the

circunferential dirh€ehb@ELmdi#dREd Examples a?féi ShvApEratife E‘xgmp%s rblélte to
Exanpl e 2, the maxi num offset values are higher on the wh

those in Exam@b@selwh@r@tthére«adcﬁwtgﬂer(amm BILERG-JUimp Shepe (Bhaﬁ@rm@wnm n

the circunferential direction of the glass substrate was still
smal | er thamespeat td theMrainsugade). OAlacie toe n@$e hfamcpll ofhsiwneaing El\séape

Exanpl e 3, the change was snaller than that npar ati ve Exa ‘{i
but as seen! QWQfﬁF'éN'%rr&BHemtt% SeHosHaia '@ﬁf"‘s%{rfe\‘/’ﬁl Ssqn}er E5HltS AP °§8 p

and down ener al e
> vere a8 sht FOGE sepkieERENTBES qhiR g Ru FoAARs fucte BBy AR
change differemcs gqﬂﬁ nple 1 and Conparative Exanple 3
were as Iarg% as lgh? d@&%ﬁg éﬁé’respectlvely [0161] 52

The above-nenti ongdekxanpl es and Conparative Exanples relate to the
case where the end portion shape is a ski-junp shape (shape raised
with respect to tWhiledha fisshpfeierdd embodiment oh éhig iyentidn bag lbeen of f
shape being a shape | owered with respect to the substrate

surface, t héiegq,xﬁgqr\g@m[quregge thBiecacsPmpanyiag shawedadhts; Qg%‘ﬁi%ﬁﬁl' es
oD g B B BB 20, SR PR SRR
| nvent 'gg” Nate gﬁggggﬁgggr p%ae,« thédifi&d @J&éﬂﬁl%sto? ré IS PELARRBEWItAR the
scope described in clalms and it is understood that those naturally also belong
to the technical scope of this invention.
[0163]
15 [Second Embodiment]
Next, the second embadiment of this invention will be described.
[0164]
(Magnetic Disk Substrate)
As a result of diligent studies for reducing unevenness of a
20  magnetic-disk main surface due to ski jump or roll-off to thereby provide a
magnetic disk that can prevent the occurrence of crash failure even if rotated at
high speed, the inventors have found that the state of ski jump or roll-off differs
at different positions in the circumferential direction even in the same substrate,
and have also completed the second mode of this invention described before.
25 [0165]
That is, also conventionally, it has been judged before shipping a glass
substrate whether the glass substrate is good or not by measuring the shape of

a peripheral portion. However, since glass substrates should be manufactured



10 that this invention is not limted thereto. It is obvious that a
person skilled in the art can think of various nodified exanples or
revi sed exanples wthin the scope described in clains and it is
understood that those naturally also belong to the technical scope of
this invention. [0163] 15[ Second Enmbodiggent] Next, the second

enbodi nent of this invention will be described. [0164] (Magnetic D sk
Substrate) As a result of diligent studies for reduci ng unevenness of

a 20magneti c- di sk in.surface e to ski j.u r.rall-off to er eby
o ovi e b Festardi g SfafBe e iihod it hedin Siiats ool e
failure even.i i L t
] ure eV Clhobl ok s AoaltsRiive 1, LOHERLATRL AN fbal i
the circunf grignindéadh ¢faremas nedaelrddattdidy & aigleSpiiitidreth8reckNJARRK as
al so conpl eted the second node of this invention described before.
25[ 0165] been fdluvet thakeveal i magoatiediskpae hgnufatiuhed usiegthe gidged
before shipping a glass substrate whether the glass substrate is good
or not by neHbsifatagiudged snbpaoet ag pesuibpeingl MesreBANT theke Ree casgsnce
gl ass substrates should be manufactured 53 at |ow cost and.jn |arge
Guanti &1 os SRS MR fergt olisd S Bekeesiuibaf ve iy Balideienh g
products (d i . | ot
nd each of THoA Hfers B3 dumBErE ARSI AE ISHe AR YAl &
it has beengfigaiftdt lshahalgven i f magnetic disks are nmanufactured using
the glass 5 substrates judged to be good as a result of the
measurenent, ther@1é6k cases where the nunber of gl ass substrates
judged to be defective béﬂpa glide test is large and where the nunber
of gl as$0subst r at Bvigw @B, (e Bweriorebeye magy agdejpiageetassnation &l | .
[0166] 10In _vie e inventors have nmade a detajl ‘W

el of
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measured at (3l Alth Yir@imferential direction, the position and magnitude of an

extreme portion 15 differ depending on the position. [t has been found that, for
that reason, even in the case of a lot having passed an inspection, when a glass

15  substrate is actually formed into a magn_etic disk and incorporated into a
magnetic disk device, there is a case where the desired performance cannot be
exhibited. On the cther hand, it has been found that when a glass substrate in
which the radial position of an exireme portion formed at the periphery of a main
surface of the glass substrate, in other words, the radial position where the

20  maximum value of ski jump (rising) formed at an end portion of the main surface
exists, is approximately the same in the circumferential direction is formed into a
magnetic disk and incorporated into a magnetic disk device, no head crash
OCCurs.

[0167]

25 Therefore, in this embodiment, it is configured that the offset portion 14
formed with the offset is formed over the entire circumference of the glass
substrate 10 and, further, the extreme portion 15 where rising is maximum in the

offset portion 14 is located at approximately the same distance from the center



positions in the circunferential direction, the position and
magni t ude of an extrene portion 15 differ depending on the position.
It has been found that, for that reason, even in the case of a | ot
havi ng passed an i nspection, when a glass 1l5substrate is actually
formed into a magnetic disk and incorpogated into a magnetic disk
device, there is a case where the desired performance cannot be
exhibited. On the other hand, it has been found that when a gl ass

substrate in ich the radial_position of. an extre portion formed
at the peri Bﬁﬁ%ﬂﬁﬁ?s ﬁl?t??éﬁagF'suTr %E’gltt?ﬁg?%‘bﬁag@ge'gtfpg@% ate, in other
wor ds, the radial Oqggition where the 20maxi num val ue of ski junp
(rising) formed a[ an‘end portion of the nmain surface exists, is

approxi mat el y t hengiTg dedchiftrokifl Bergieseot 4 flantdidcafinganethed fer med
into a magnetic disk and incorporated into a magneti c di sk device, no
head crash ocanufsctufidilthé] magidierdislosidsinate aduosdivgimthisrembodintent.s
configured that the offset portion 14 fornmed with the offset is
fornmed ofer the etiBPE circunference of the glass substrate 10 and,

urner U X GTE ROtk LA SRHHELE 14 Sl BRSLNIOR bieeRlde™
t 54 | . i i i .
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manuf act ur i RELERIBRECH@Ing to thidBRMBREHER MEind B erBERfid Sorfo® Being the
substrate according to this enbodi nent. 5[0169] A magnetic dis
substrat e i serraxnuf thetafisetpdrtion gisedgrdriarsoplowesssestion) 14 at the
10  peripheral portion of the main surface at approximately the same distance from
the center of the glass substrate, particularly a final polishing process (second
polishing process) becomes important. Whether the raised portion is formed at
the peripheral portion of the main surface or whether the lowered portion
lowered with respect to the flat surface is formed at the peripheral portion of the
15 main surface is also mostly determined by the polishing conditions of the final
polishing process. [n the following description, the conditions for forming the
raised portion will be described.
[0170]
The required height of the raised portion has been much more reduced
20 following improvement in storage density and most of factors that determine the
shape/magnitude thereof depend on the polishing conditions of the final
polishing process.
[0171]
Many of various polishing conditions in the final polishing process affect
25 the shape/magnitude of the raised poriion, but among them, particularly the
processing rate (processing speed) and the processing pressure affect them.
[0172]

Hereinbelow, a description will be given of the final polishing process



(details will be described |ater), but when manufacturing the
magneti c di sk substrate according to this enbodi nent having the
extrenme portion being the vertex of the offset portion (raised
portion or |owered portion) 14 at the 1Operipheral portion of the
mai n surface at approximately the same ggstance fromthe center of
the gl ass substrate, particularly a final polishing process (second
pol i shing process) becones inportant. \Wether the raised portion is

formed at t |

| overed-por trol s TN Rk 3 ojdsGubRidte Ut B Bogmt o°
t he peri pheralisifg tieRiref ith@neé@leé@td‘sa’%ﬂ’théﬁlﬁ@ findl @f%ﬁlﬂ@?ﬁb&é‘ss can be
determ ned by the polishing conditions of final polishing

process. | n cahied altivoogusieg td whhaary géwtmmpbltshmsmé@’ﬂné orfarng t he
rai sed portion will be described. [0170] The required height of the
rai sed portiesamples thestinal palishing pecees trydeoginiiet dnihegd ks sunatiaisusing
storage density and_ nost of factors that determ ne the

shape/ magnl @Lﬁi’gg g e dyPeRRIShNLMagkBe pol i shing conditions of the
final polishing pgﬁgﬁ [0171] Many of various polishing conditions
in the final polishi E process affect 25the shape/ magnitude of the

rai sed portion, bmth@ﬁﬂﬁgpdliléﬁmg g?8¢ddsC eAgihds élﬂﬁ: fé’i% l?)‘?‘t e

(processing speed) and the procCessing pressure a ect 0172]

Her ei nbel owrelativbhs avolipigi molishing lpade agd ted glaks th@stfat@mhulpcpkeﬁmW_e
process 55 that polishes main surfaces of a glass substrate using a
pl anet ary gealishiyppagments hoigmaitslirfasesiof thesglasealiadiate.o Igdliseant, t he

final poI is ocess can be carried out w thout usi t he
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[0174]
For manufacturing the magnetic disk substrate according to this
embodiment, it is preferable that the processing rate be set in a range of 0.25 to
15 0.5um/min and the processing pressure be setin a range of 8.5t0 11Pa. The
other polishing conditions have relatively small influences and thus are not
limitative, but in the case of, for example, a 2.5-inch disk (¢65mm), it is possible
to set the hardness of the polishing pads to 85 (Asker C hardness) and the
grain size of abrasives to 1.0(um). If polishing not satisfying the
20 above-mentioned conditions is carried out, there is a possibility of degradation
of the end portion shape or breakage of the glass substrate.
[0175]
For manufacturing the magnetic disk substrate according to this
embodiment, when performing final polishing using a planetary gear type
25 polishing machine, the relationship between the on-its-axis rotation speed of a
carrier and the orbital rotation speed of the carrier orbiting in the machine also
becomes important.

[0176]



[0173] In the final polishing process, the glass substrate is
pol i shed by relatively noving polishing pads and the gl ass substrate
whi | e pressing the polishing pads onto both main surfaces of the

gl ass substrate. In this event, 10 the machini ng amount per unit tine
s the processing rate and the pressuresgressing the glass substrate
I's the processing pressure. [0174] For manufacturing the nagnetic

di sk substrate according to this enbodinent, it is preferable that

o . . .
the brocessi ng. pr Bate Pulflar Bef ifBa9E pilhafty PPggs 5a5ibied A fithe
poli shing candidi ofseABRsHIRY BhdY 8leVpreS8ed ontBiupBBN&Ss oW sLRYSePéahe

not 'imtative, but inthe case of, for exanple, a 2.5-inch disk

(065mMM), it gissspobsirdibe hbll inahe theieharThees i bfs sthte, thel glats sughgpatks t o
85 (Asker C hardness) and the grain size of abrasives to 1.0(gm. If

pol i shi ng nate palishetiywhey tha can@iloovits- wigile iotatieg andisdtis.onkhatds,deg ri ed
out, there is a possibility of degradation of the end rtion, shape
or br eakge d¥eCHaS A the elatlysdpevarentqy the glass SUbStrat%?ﬁqamog‘éﬁlﬁ'lang
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machi ne al sgorareioar@Be boRebbApteral PG6H of 88&h glass substrate has variation in
radial position and magnitude at positions in the circumferential direction.
10 [0177]

In order to reduce this variation in the circumferential direction, it is
preferable to set the ratio between the on-its-axis rotation speed and the orbital
rotation speed of the carrier within a range of 0.125to 8.  If polishing is
performed under a condition exceeding this range, the shape of ski jump (raised

15  portion) formed at the periphery of each glass substrate is often disturbed in the
circumferential direction.

[0178]

Then, if the radial position where the extreme portion is formed varies in
the circumferential direction when seeing the glass substrate in a direction

20 perpendicular to the main surface of the glass substrate, specifically, for
example, if a circle formed by a line connecting portions of the extreme portion
becomes eccentric or elliptic or meanders, severe vertical changes occur when
the circumferential direction (track direction) in which a recording head
(magnetic head) makes scanning crosses a locus formed by portions of the

25 extreme portion. In other words, when the recording head scans a magnetic
disk rotating at high speed, the recording head passes across a plurality of

extreme portions and thus the flight of the recording head becomes unstable.

[0179]



In the planetary gear type, a plurality of glass substrates are held
in the carrier. Then, polishing pads are pressed onto upper and | ower
surfaces of the glass substrates held in the carrier. Then, in this
state, the glass substrates are polished when the carrier orbits
while rotating on its axis. That is, thgy5directions of the relative
novenent of the glass substrates and the polishing pads are random
and thus are averaged but have no relationship at all with the

ci rount erenti &l dibRgkhgRfod BBl ARmh3h 4188y RagS il ddhP o

the like fornmed a uter periphe ion

substrate h3gamaknebiiPA pbSsibifyithht tﬂ@%édr@fr‘ugaﬁé@d nﬁaﬂbttfun’&n{ 3L oStiEaIONS
inthe circunferential direction. 10[ 0O In order to reduce

t hi s vari at ichanges, tideeling tocthefoecemndéncel ofchraﬁ"cﬂajlmre IFurther, pir thberagbloé at o
set the ratio between the on-its-axis rotation speed and the orbital
rotation spé‘@dta@f slidieg typerhaed digkt Wiere is & eRFDIBY Tt BosCerslirg) he&fd jumps
pollshlng per f ormed  under @ condjtiagn ex eedi n hIS r the
shape of Jski© Fai§f ‘E?%{F‘g%tlfnl‘gﬁ ?Figﬂﬁgq‘f ISR %{Pag% LSRR I” deach
gl ass substrate i en disturbed in the circunferential direction.
[0178] Then, if t e r di al position where the extrene portion is

formed varies in elf»ethélofrréﬂrmfaﬁa%waﬂsma heExt@me/hiiflors &b o 4l ass

substrate in a direction 20perpendi cul’ar to the main surface of the

gl ass subst mppmximaiedi thecateydisthace ryanpbeentdr odtha dglasesdbstratdadihea
l'ine connecting portions of the extrene portion becones eccentric or
elliptic or abeaermﬁfélon@éew@uxﬂeevmﬁlthehlamg*es oemimff isharaserieas long as

(magnet 18- hd a'ec%%cia@% é%%a&ﬁ%%%&%éég%ﬁ euROF & TR OPRREMS of
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recordi ng head becones unstable. [0
itself has a height dn‘ference dependtng on the position in the circumferential
direction, but this height difference is far smaller than rising or lowering of the
15  extreme portion due to meandering or the like. That is, this invention pays
attention to the fact that it is the change in height of the substrate surface in the
circumferential direction that is important.
[0181]
Therefore, according to the structure of this embodiment, it is possible
20  to reduce the roughness or undulation in the circumferential direction and thus
to improve the flatness particularly at the outer peripheral portion of the
magnetic disk substrate. Therefore, despite the ski jump or roll-off is present,
the flight posture of the magnetic head is prevented from being disturbed and,
even if the magnetic disk is rotated at high speed, there is no possibility of
25 contact between the magnetic disk and the magnetic head. This makes it
possible to significantly enhance the reliability when the magnetic disk is

incorporated into a magnetic disk device. Further, also with respect to

passage of a magnetic head in the load/unload type, since there is no possibility



57 Fol Il owi ng the reduction in flying height of recording
heads in recent years, there is a possibility that the recordi ng head
cannot follow such vertical changes, |eading to the occurrence of
crash failure. Further, in the case of a contact-sliding type hard
disk, there is a possibility that a recegdi ng head junps 5 to cause
degradation of the signal quality or damage to the recordi ng head.

[ 0180] On the other hand, by causing the extrene portion to
be | ocat ed ' di f e
ol ass. ubst 1o oL BBSRIS Ot E AR BRI baRafg g ot
junp or rol lpediphera$pdition O b, magndtientskas A thbenagredte diead isieadght into
constantly passes over the ridge of the extrenme portion during

scanni ng, i tcontactwitk thkemagneticadisk.ibe ged¢ading Neat ghn stilfly passiteougivihe
enough to cause a crash failure. It is, of course, expected that the
extreme por BNEPAriaNepithe macneiedif whichrie At Bredeigbifdi ng on t he
position_in the cﬁﬁ%gfferential direction, but this height difference
is far shaller th sing or lowering of the 15extreme portion due

t o meandering or Ji ke Ji 1S iH i i 0
the fact that it :SES%Ih%A?Q |g£§%h}dﬁr§ﬁ%¢%ﬁ?t%@&ﬁﬂ%ﬂr%stf)f@%ég%tg%sﬁﬁda@gth;en
the circunt @xﬁ@hieado%ﬁﬁﬁéi&ﬁbiﬁ%& loweringRoFasimium [iPtR1disEbpotibara, is
according to the structure of this enbodinment, it is possible 20to
reduce t he moefghabds80@um wnthsisat Ifa0uum oHess;iitris ondfre peefeiaile.di frustier,on
and thus to inprove the flatness particularly at the outer peripheral
portion of tdraliydbisarreierallyROyPst e ciraiaitidereasae RlYRINCIRASER)

' 'l -of f i h L] f the 1 i.c head
| S"or ovaht e B B arieg e pLesh B he BERCIe o BRI ke S
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si gni fi cant Ickcemhaastal tirection. | ab ottt Wors wHehesdsgnebeetiot atla 1 s
incorporated into a nagnetic di sk device. Further, also with respect
to passage @redetemyned radiigmdition (pbstidroattrertheadfselpationildeaistd)dom i s
no possibil ItﬁgcenStgr of the glass substrate, if the glass substrate is rotated, the magnitude
15  of the extreme portion of the offset portion 14 (e.g. the height of the raised
portion) changes. That is, if the recording head cannot follow a change in
magnitude of the offset portion 14 while flying over the predetermined radial
position, a head crash occurs. By setting the circularity to be within the
above-mentioned range, however, the offset value in the circumferential
20 direction can be made approximately uniform with respect to the size of the
recording head.
[0183]
Further, the concentricity between the circular hole formed in the center
of the glass substrate and the circle formed by the extreme portion where rising
25  or lowering is maximum in the offset portion 14 is preferably 1200um or less. If
1000um or less, it is more preferable; Further, ideally, it is preferably 800um or

less. If the concentricity decreases (value increases), even if the magnitude of

the offset of the extreme portion is uniform, the magnitude of the offset cannot



that the flight posture of the nagnetic head is disturbed
particularly at the outer peripheral portion of a magnetic disk or
that the magnetic head is brought into contact with the nmagnetic

di sk, the recording head can stably pass through the end portion of
the magnetic disk, which is quite prefesgble. 5[0182]

Specifically, in the main surface, the circularity of a circle fornmed
by the extrenme portion where rising or lowering is maximumin the

of fset porti J: I 0 i 007, t r._l.ess,
"t e more pRarblfieRElFRE s b el el afnby 2B0efid;
t he circul ag [ 858 [ ni tude
of the offséﬂt‘é ﬁ?%ﬁgﬁzﬁgﬁﬁgmﬁbﬁbﬁs uni Pg%ﬁ]‘?é(t éhéggg?rfg%g of the
of f set cannotagritudppr the dtiskbelnthe irbomfarasti=s eraction danebecinagent erent i al
direction. In other words, when seeing a section at a predeterm ned
radi al posi @pprox{mpaisivt urdiermivéiheespect b thsesize of theoacdrdingdiestds) from
the center of the gll ass substrate, if the glass substrate is rotated,
t he magnﬁtude 150f018Ak extrene portion of the offset portion 14 (e.g.

t he height of th ' . i . That i if t.h di
A & st i et T S R
while flying ?Fb?(fmé’(@ HiRHRGS IHE ARAniaEhth diRetiéh ﬁparbgr?ﬁ)‘?%iﬁrp%%ﬁio s.
occurs. By sgtlngt e circularity to be withint eaove-mantlone(q

range, howewgrcauting thé EBQImMeRntRal difedtion t6 coiukibatitnhbabcLdcdicrigsd bpn
can be made approximately uniformwth respect to the size of the

recor di ng hémiextfeana@gpriion and byFaausingrine nrgnitode ehthei afiselofiibe watramehe
circular hole formed in the center of the ggass substrate and the
circl e 18r mRartiop 1o ke aperednateboynifasm. Ghriret Ratypary theomagneticsisl apgthes

Tooogm or 1 8Ll AEed B3 be Mup drafirléd - Hidtie) aragivelfly pfifgrge
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i ncreases), even I'f the magnitu 0 fset of reng

portion is tlrljzfnﬂ'!‘lmkiﬁ@mtcﬁfﬁ@ﬂidn!ﬂd@tmﬁeTc_h@u!Qﬁ?ﬁﬂn@iﬁﬁﬁ@hbo@n@tioned
approximately uniformas seen in the circunferential direction. By

setting t heramgecnt the sizeyofttbe becondingihrad mdthabspest hethe dislieddiange,
however, the nagnitude of the offset in the circunferential direction
can be %ded%ﬁ%?‘)@xi mately uniformwth respect to the size of the
recordi ng head. 5@8%%;1] Further, it is preferable that the magnitude
of the offset be ximately uniformin the circunferenti al

direction at arbiggadifeal) ,%%xaﬁﬂﬁéf&ﬁéﬁmeﬁ%@’ﬁa%sé rtion 14 of the

circunferential direction to coincide wt ocus described by the
extrenme por tiaghetddiskgubstat 3@ 12 peinkaper 307de 1 citdienfefdnsiel diffctibhahe

extrene 10portion to be approximately uniform contact between the
magnet i ¢ di shkargredintnvegnitude of the offset can be 5nm or less.  With the change in this
20 range, the effect of this invention can be obtained more reliably.
[0186]
As described above, if the recording head cannot follow the change in
magnitude of the offset, a head crash occurs. To explain this in detail, when a
recording head flies over a magnetic disk, even if changes in magnitude of
25 offset are large, if the ratio of the changes is small (gentle), the recording head
can follow them. However, if there is a large offset change in a very short flight

distance, a head crash occurs. That is, the magnetic disk substrate according

to this embodiment is a particularly preferable mode when the head flies at high



magneti c head can be nore prevented. Herein, "approximtely unifornf
is preferably 0.02nm + 1. 00nm (wi dth of a pico-slider of a recording
head) = 1.02mm taking into account both the circularity being in the
above-nentioned range and the size of the recording head with respect
to the disk radial 15direction. [0185] go Specifically, for
exanpl e, when neasuring the offset portion 14 of the magnetic disk
substrate at 12 points per 300 in the circunferential direction, the

Cniths Dor aRgeHiafsred oty b mEBRPR Skt Bloonlinbita e Thanoe
reliably. [@i88kimentis prefSraBRafedRRt §R8Y Subdifaté BEbé AfRIntdda Head

cannot follow the change I n magni tude of the offset, a head crash
occurs. To mdghatitdiskidevice atiabiid to relaenit at secationali gpbeaddf 540Gpmover a
magnetic disk, even if changes in rra?nitude_o_f. 25 offset are Iarg_e
if the rati owé. tFeeretimmjesuise, soproblgrgavendit isrmeurted s amegnatadiskan
follow them However, if there is a I_argi;e OfJI’%e change in wry
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short fl9ghoevrapdaeled tq refaiait at a spatipndl sree 4Q0gpm QY
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speci fical | ygoding mggﬁé inﬁ-‘agfﬁgﬁk d%‘R%Féﬁét@ a%es%gq Rl rhbbdment

enbodi ment I's prefer y used as a glass substrdte to be nmounted in a

magnetic di sdmgkeblyeppeany gsdcémpiretiaiim thit eftusing ahwdgnetiadisg pebsiratk of
5400rpm or nore. There is, of course, no problemeven if it is

mount ed i n atheagpret ihis idveitic®. devi ce adapted to rotate it at a
rotational speed of 5400rpmor nore, but particularly in the case of
a hi gh-19tati onal [/dfékd magnetic disk device, the effect of using the

opear s as comar Lof Menefis 4R sPBetfin aees B Hidd RGN Bioferabyy
other than {hgis &é %‘éﬁ%@oé %sgéfegn@gt%rﬁounted in a-FE'?grYE%iﬁrb‘?éH' GevileSik which a

substrate accor ment 1s preferably used as a gl ass

substrate t gmdipeli®HBAGEcans an BHGNPoitibndi Sredent diehe Perptiarh oatheegasy i c
head scans an offset portion 14 present at the periphery of the glass
substrat e asubsttateaha linedrowlegtysf 2@nstsecmore.nore. 15[ 0188]

The magnetic di sk substrate according to this enbodinent is
preferabPy used 8188l nagnetic disk with a touch-down height (TDH) of

3 to 4nmor |ess. The magnetic disk substrate according to this embodiment is preferably

used for a magnetic disk with a touch-down height (TDH) of 3 1o 4nm or less.
If the touch-down height is low, a crash tends to occur when the change of
offset formed on the glass substrate is l[arge. However, using the magnetic
20 disk substrate of this embodiment, the change of an offset portion 14 can be
further reduced than conventional and, thus, even if the flying height of a
magnetic head (recording head} is reduced, it is possible to prevent the
magnetic head from being crashed.
[0189]
25 The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk having a high recording density of 200GBit/inch® or
more and more preferably 250GBit/inch? or more. In the case of such a high

recording density, the flying height of a recording head can be further reduced



If the touch-down height is low, a crash tends to occur when the
change of offset formed on the glass substrate is |arge. However,
using the magnetic 20 di sk substrate of this enbodi nent, the change
of an offset portion 14 can be further reduced than conventional and,
thus, even if the flying height of a magnetic head (recordi ng head)
is reduced, it is possible to prevent the magnetic head from bei ng
crashed. [0189] 25The magnetic di sk substrate according to this

enbodi ment iy Iﬁ @§ g ]p?%g cdaéskfedplfegélit%d%%@hbg of rkm BgYdia%ié %’b%ﬂ'ate of

recordi ng dens /T nc nor e and nore refe

250GBi t/inchigs ‘é'i'nUBélTrﬁentl NittidReEAESs Bf sayUhkt the i eﬁléﬁii%'kcﬂuBQtréi%”S' ty,
the flying height of a recording head ¢an be further reduced 61 and

t hus a cr askccaningetophierevendidn loyn tlve hissuiablyt dpplisagn e igiassdubkirate for
substrate of this enbodinent. It is needless to saé t hat the magnetic
di sk subst r &se "a@@m&gﬂaﬂg disk haying a regerdingdensity smaller Hwrsthie tabbvg or to a

applied fo a rate for use in a ma net | i sk havi
recording d Iqubﬁtr@tﬁafﬂr PREVIREIEI &M %n%mﬂé‘gw&*e ado %Qown
substrate f%@gatﬁj%ﬁ%? g%g%id%gnetl c disk with a touch-down hei ght

greater than ove The magnetic di sk substrate
according to thi songpdl ment is a disk-shaped magnetic di sk substrate
having a flat main surface, an end face, 10 and a chanfered face

i nterposed betweelh¢ hmgnetindiskistibsteatandcéamgandhib aethodiheritgsa, at a
peri pheral portion of the main surface, there exists an offset
portion 14 @fsksdaped rrsaqmetl@dt%cﬁubp@atpémln@m Hat ainsuffhee, anericdiaee,

ol vi 6 ofnd B RRT < AP ke Bpsedpetuttandhe sit Fufase %ﬁ‘i@%‘.’%ﬁ%&. ot
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[0191] In plan view of the main surface of the glass substrate, the
maxi num 20ppenphar! pdréomfdf sed madr surtace khdrmherbi, v iae view of the haaige of

92.0 to 97.0%w th
surface of the glass substrate, a maximum point (extreme portion 15), where
15  the degree of offset is maximum, of the offset portion 14 may be located at
positions with approximately the same distance from a central portion of the
glass substrate.
[0191]
In plan view of the main surface of the glass substrate, the maximum
20 point of the offset portion 14 may be present in a range of 92.0 to 97.0% with
respect o the distance to the external of the glass substrate from the center of
the glass substrate as a reference.
[0192]
In plan view of the main surface of the glass substrate, the extreme
25 portion 15 of the raised portion circularly surrounds the main surface and the
circularity of a circle formed by the extreme portion 15 is preferably 600um or

less.

[0193]



respect to the distance to the external of the glass substrate from
the center of the glass substrate as a reference. [0192] In plan view
of the main surface of the glass substrate, the extrenme 25 portion 15
of the raised portion circularly surrounds the nain surface and the
circularity of a circle fornmed by the egdrene portion 15 is
preferably 600gmor less. [0193] 62 The gl ass substrate has a
circular hole at its central portion and, in plan view of the main

surface of the gl ?ﬁég%@?%&ﬁ&hﬁﬁ hh8g &P&hfa‘??gle%fifsi&%'tﬂgéﬁpd?ﬁoﬁ B84 "iAipRed

portion circularly strrounds the main surface an e concentricity

bet ween a cije@ 6 themae siifadd6f 1B glRe BT ieOtheldxti@ftk gordbi abef tiay med
by the 5circular hole at the central portion is preferably 1200 gm or

| ess. [ 0194laidéwkporignetroelady skrreurtstthatneainsudack agd the ednicenigietodi ment
i s a di sk-shaped gl ass substrate having a flat main surface, an end
face, and abehasmes eircle yEadiivethp sxraMeaIakien 19 Rad Resiilesiormad By dhe
the end face, erein, 10in an.view of the I.n _surface of the

gl ass subst Fﬁ?@?f '&OqPé\T/\Elee‘é?rH%l P‘?Q)'HnI‘%R@}%BQW@IOP@S?{&?STo t he main
surface is provi d@%QFtween the main surface and the chanfered face
and the depth of € 1owered portion fromthe main surface may be

approxi mat el y uni g Maynef®8iskisOPstr&paeestdiig thike isutliments at he
gl ass substrate by a predeterm ned di stance. 15[ 0195] In the

magneti c di sisksahaped atassatbstratergving 4 fiatsmaintsodacerdn end face, and a
preferable that at |east the end face be chem cally strengthened and
it is nore phaméaradlaceinierreged haiwesn Heawaln girfaceeng e epdfaceavherein,

Cher oL Y Bt LU BE bl e P bR B Bl .,
be formed af, tNgq S BEESt 1 HeRRbm fRfath fhdNIded B¥AGEen the main surface
and the chamfered face and the depth of the lowered portion from the main
surface may be approximately uniform at positions spaced from the center of
the glass substrate by a predetermined distance.
15 [0195]

In the magnetic disk substrate according to this embodiment, it is
preferable that at least the end face be chemically strengthened and it is more
preferable that all the surfaces of the substrate be chemically strengthened. In
other words, in the magnetic disk substrate, it is more preferable that a

20 compressive stress layer be formed at the surfaces thereof. Particularly, when
the magnetic disk substrate is incorporated into a magnetic disk device adapted
to rotate at high-speed rotation (e.g. 10000rpm) or into a magnetic disk device
for use in a mobile application, the impact resistance is required for the glass
substrate and thus it is preferable that the compressive stress layer be formed

25 on the surfaces of the glass substrate. Herein, the chemical strengthening is a
treatment for strengthening a glass substrate by bringing the glass substrate
into contact with a chemical strengthening treatment solution containing a

chemical strengthening salt to thereby exchange part of ions contained in the



the magnetic disk substrate is incorporated into a magnetic di sk
devi ce adapted to rotate at high-speed rotation (e.g. 10000rpm or
into a magnetic disk device for use in a nobile application, the

i npact resistance is required for the glass substrate and thus it is
preferable that the conpressive stress gfnyer be fornmed 25on the
surfaces of the glass substrate. Herein, the chem cal strengthening
is a treatnent for strengthening a glass substrate by bringing the

gl ass substr i WLt h i ; t i.ng,treat nent
Jor at i oncodtseReTatIRLRRS uf e B ae RSk g e R B AR
part of 'On%nth%élﬁggfé&téﬁﬁan%t%:lﬂw%_sfoﬁHﬁﬁBﬁé‘.te for ions in the
chem cal strengthening treatnent solution having an ionic radius
greater than that[odbsjhe forner ions. [0196] (Magnetic Disk) 5Then,
by formng a magnetic fil mon the above-nenti oned nmagnetic di sk
substrate, it is {Magidicdisk) manuf acture a magnetic di sk according to
this enbodinent. Since the magnetic filmis fornmed on the magnetic

di sk sub3trate, thBeBbyjarpinga rﬁﬁgmﬁt@JHmaf&EthsfabpM@mﬁ@iﬁgﬁi aagnelici s

| |y af f d he. gl b That is..ip 10, ]

e shape. of Jacontr rpdeb g Frbllg Advee i oCideS ahgu B oy y
to inprove bhfod OBirdBGh IR @H&?i@gﬁs f‘aﬁmwsn%@ﬁ%gﬁlaﬁé{ﬁ%?tgﬁbstrate,

Therefore, using the magnetic di'sk substrate disclose

embodi nent, thid shapensissinalnesurfacamn weshyhstid Mk IRgIRRTY Sfcttakby gy
particularly in shape of a peripheral portion of the main surface.

Si nce a magAaeibsteateli skhatas uf actennd mprore oxshapekofding main serdans gitthen
thereof is omtted 15herein. [0197] The magneti ¢ disk
accor di h§ t 8'a9ReHC diskoliishacessaiy 1o anprona drbshapepidhe maimsuianmeidae i n

2 TR0t ¢ R B O A TPt sat bl A0S i
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sui t abl e f opaitiaelatipatiéhapeosich patigheral portion of the main surface. Since a
magnetic disk manufacturing method is known, a description thereof is omitted
15 herein.
[0197]
The magnetic disk according to this embodiment may be a magnetic
disk to be mounted in a magnetic disk device of the load/unload type in which a
magnetic head is loaded and unloaded with respect to the main surface through
20 its outer periphery. Since the flatness of the outer peripheral portion of the
glass substrate is high, the magnetic disk can be suitable for the load/unload
type.
[0198]
The magnetic disk according to this embodiment may be a magnetic
25 disk to be mounted in a magnetic disk device adapted to rotate it at a rotational
speed of at least 5400rpm or more.  Further, it can be suitably used even in a

magnetic disk device with a speed of 10000rpm or more. This is because

since the flatness of the outer peripheral portion of the glass substrate is high,



[0198] The magnetic di sk according to this enbodi nent may be a
magneti c 25di sk to be nounted in a nmagnetic di sk device adapted to
rotate it at a rotational speed of at |east 5400rpm or nore. Further,
it can be suitably used even in a magnetic disk device with a speed
of 10000rpm or nore. This is because sigge the flatness of the outer
peri pheral portion of the glass substrate is high, 64 there is no
possibility of contact between the magnetic di sk and a nagnetic head

even in the ' : ' ; Leki Al ki is
i on. {01001 nes A pReeBuSATZEnkEl BERRR rtEic ARk GPU ARRRhG .
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recording nmediun). In the case of the contact-sliding type recording
medi um a recordi [0y99gad reads and wites in a state where it is in
sliding contact with a nmagnetic disk and, therefore, by inproving the
flatness, in the &hemagneRediskaccaidingioi this erapodiment may 814 the out er

peripheral portion of the magnetic di sk 10substrate as descr,i bed
ove. 1 B i opiastrida bise sPataRe Tedtifigbororisorlite BTt mhi s
makes it possibl e tqg.i e I L i : event damage
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mounti ng t hes@haing-HERAbAReEhdRaRALih G dhskvhdrb if i§ irPaRRMPEeti& ity an a
magneti c di sk device (hard disk drive). The nagnetic disk device
mount ed wi t Imddretia kitbkearie tierefoes] bydopedving thesflatsadss inrthe eircsmferential

particularly suitable when recordi ng/reproducing information
parti cul ar | yirgetior, ghpaiieelarly dieaputenperipheral portion of the magnetic disk

10  substrate as described above, it is possible to prevent jumping of the recording
head. This makes it possible to improve the signal quality and to prevent
damage to the recording head.

[0200]

(Magnetic Disk Device)

15 Then, by mounting the above-mentioned magnetic disk, it is possible to
form a magnetic disk device (hard disk drive). The magnetic disk device
mounted with the above-mentioned magnetic disk substrate is particularly
suitable when recording/reproducing information particularly at high-speed
rotation. |

20 [0201]

Although the description is being given centering on the outer peripheral
end face of the magnetic disk substrate, an offset portion 14 is also formed with
respect to the inner peripheral end face in the manner as described above. |t
is needless to say that an extreme portion 15 where rising in the offset portion

25 14 is maximum is preferably located at approximately the same distance from
the center of the glass substrate.

[0202]

(Example)



20[ 0201] Al t hough the description is being given centering on

the outer peripheral end face of the magnetic disk substrate, an

of fset portion 14 is also forned with respect to the inner peripheral

end face in the nmanner as described above. It is needless to say that
an extrenme portion 15 where rising int of fset portion 2514 is

maxi mumis preferably |ocated at approximtely the sane distance from
the center of the glass substrate. [0202] (Exanple) 65
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chem cally strengthened and capabl ity of

by a known manufacturing method, such as a pressing method, a float method,

15  a downdraw method, a redrawing method, or a fusion method, using a molten
glass as a material. Among them, if the pressing method is used, the plate-like
glass can be manufactured at low cost. As a material property of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an

20 aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
used in terms of capability of being chemically strengthened and capability of
providing a magnetic disk substrate excellent in main surface flatness and
substrate strength.

25 [0204]

In this Example, a molten aluminosilicate glass was molded inio a disk

shape by direct pressing using upper, lower, and drum molds, thereby obtaining

an amorphous plate-like glass. As the aluminosilicate glass, use was made of



provi ding a magnetic di sk substrate excellent in main surface

fl atness and substrate strength. 25[0204] In this Exanple, a
nolten alum nosilicate glass was nolded into a di sk shape by direct
pressi ng using upper, |ower, and drum nol ds, thereby obtaining an
anor phous plate-like glass. As the alumng EEOSi |icate gl ass, use was
made of 66 a glass for chem cal strengthening which contains, as
mai n conponents, Si02: 58 to 75w, Al 203: 5 to 23w/ 0, Li20: 3 to

bot h mai n" séraasscer ghefiee” HieiedianiE Waion£8rtans. ABRY ctBbgBfts, S- °
di sk- shaped 58398,A5R,BRIOH 23vH9e LIRRPS 301 A%, GRENSO: Altb 14590 a
éhfne enpl oyin

doubl e-si de "T'apping e a planetary gear nechanismwth
the use of alum ngobgped free abrasive grains. Specifically, the

| appi ng was carried out by pressing |apping surface plates onto both
surfaces of the pTagrgddppiey ghasppliedio bdie maipeurfages df dhe platd-tilkss glass,
supplying a 10grinding liquid containing the free abrasive grains,
onto theb rral’fhﬁrglw phigiinga diskeshgpat @lassiiasg|aeiabernnd hedRRING Bl CRBIRthg

h | ik f | h
| apping, ¢ hetEuslad 2P hleaes iy Sach 8 sE s hrhialy aerE 1| at
main surf acﬂ?echkﬂi%%ﬁ%ﬁﬁ(@@% Eflurﬁ%agﬁse@rf Cst5tabitl ghAlRs. I@th—.’@n‘[?;ﬁily,

Chant eri ng) ass base rre er was - cut using

di amond cut i |a gbm@fvﬁ%a@ﬂé& bngbpgrtesamglléﬂfp@am%ewa@% o'ﬁwtbsbﬂhat e

fromthe glass basé nenber. Then, using a cylindrical dianond drill,
an inner holkerfaess dfahapthtatikeagiassfrem ’meruppenamﬂ lavre sg:l%ssurspjhsg aat e
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to each other. By this lapping, there was obtained the glass base member
having the flat main surfaces.

[0206]

15 (2) Cutting-Out Process (Coring, Forming, Chamfering)

Then, the glass base member was cut using a diamond cutter, thereby
cutting out a disk-shaped glass substrate from the glass base member. Then,
using a cylindrical diamond drill, an inner hole was formed at a center portion of
the glass substrate, thereby obtaining an annular glass substrate (coring).

20  Then, grinding was applied to an inner peripheral end face and an outer
peripheral end face using diamond grindstones, thereby carrying out
predetermined chamfering (forming, chamfering).

[0207]

(3) Second Lapping Process

25 Then, second lapping was applied to both main surfaces of the obtained
glass substrate in the same manner as in the first lapping process. By
performing this second lapping process, fine irregularities formed on the main

surfaces in the cutiting-out process or an end face polishing process as a



[ 0207] (3) Second Lappi ng Process 25Then, second | appi ng was applied
to both main surfaces of the obtained glass substrate in the sane
manner as in the first |apping process. By performng this second

| appi ng process, fine irregularities forned on the main surfaces in
the cutting-out process or an end face gplishing process as a 67
precedi ng process can be renoved in advance, so that it becones
possible to conplete a subsequent nmain surface polishing process in a

short tine. o 5 t
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m rror-pol i shaghidty @s@sﬁé%rﬁ%élﬁ@hﬁgc@ﬁélﬁﬁ%g ﬂchééH i ti
pol i shing abrasive grains, use was nmade 0 lurry (free a raS|ve
grai ns) contai ni nfp2oetfi um oxi de abrasi ve grains. [0209] 10Then, the
gl ass substrate having been subjected to the end face pollshlng
process was washetf)\ViincthFaese Relishg Riecesend face polishing pr ocess

t he end faces of 'ﬁ_n%%ﬂi_lass substrate were finished to a mrro

surface State tha B OHIRS fNd s insTipBeraban@ faces @f the ¢ass %‘éﬁ%@ﬁq um

b ocons vao e ofiriboRige B GLSA BRI R RRmac gt hrerd o Bistid™
This first %kﬁf@ i, 8 s TR dfaﬁél{]’ﬁgt(ﬁ’%é%@éﬁ/e rARKSe cﬁg%ﬁﬁnﬁa' ns

remai ning on t in surfaces during ove- ment’ oned
processes. learitickidd dlstsipelgraihé.ng process, the main surfaces were

pol i shed using a
[0209]

10 Then, the giass substrate having been subjected to the end face
polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.

[0210]
15 (5) Main Surface Polishing Process
A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains
remaining on the main surfaces during the above-mentioned lapping processes.
In this first polishing process, the main surfaces were polished using a

20  double-side polishing machine having a planetary gear mechanism with the use
of a hard resin polisher. Cerium oxide abrasive grains were used as a
polishing liquid.

[0211]
The glass substrate having been subjected to the first polishing process

25 was immersed in respective cleaning baths of neutral detergent, pure water,
and IPA (isopropyl alcohol) in turn so as to be cleaned.

[0212]

Then, a second polishing process was carried out as a main surface



20 doubl e-si de polishing machi ne having a planetary gear mechani sm
with the use of a hard resin polisher. Cerium oxide abrasive grains
were used as a polishing liquid. [0211] The gl ass substrate
havi ng been subjected to the first polishing process 25 was i mersed
in respective cleaning baths of neutralggletergent, pure water, and

| PA (isopropyl alcohol) in turn so as to be cleaned. [0212] Then, a
second polishing process was carried out as a nain surface 6

8
i | . S0 st !
ai 1 sur Fac RO hPePRE GO Faldld RO i B thRnahe i "
process, thg, ﬂlﬁ%ée% %LH ERFISUNBES TS A tRe 'sieéﬁﬁtﬂﬁb'ﬁhﬂ% Broe8skifs afte

pol i shing mac aving a planetary gear nechanismwth the use of a
soft resin fsgﬂmmmhqrrmr@n@h&p@ém%hid@gblestué dolightrey mashimadaviat) a
cerium oxi de abrasive grains finer than the cerium oxi de abrasive

gr ai ns used planetdrg gbar siechatismhwitigthpruseed @ sofioesip)foam polishathe Aglaass
substrate having been subjected to the second pol.ishing process was

i mer seddi n pelgpeaiqud usesuns AGds A Keriy %@l@ﬁb&ﬁsw%géa'@%ﬁ@?r than ie
10water, and |.PA (isopropyl al.cohol).i ur.n .as to cl eaned. An
it asoni ¢ RV RISERARYR PSS ISed i Barigodif nidsts © (6

Chem cal Strengt h@@ﬁgg Process Then, chem cal strengtheni ng was
applied to the glass substrate having

The glass substrate having been subjected to the second polishing
process was immersed in respective cleaning baths of neutral detergent, pure
10  water, and IPA (isopropyl alcohol) in turn so as to be cleaned. An ultrasonic
wave was applied to each cleaning bath.
[0214]
(6) Chemical Strengthening Process
Then, chemical strengthening was applied to the glass substrate having
15 been subjected to the above-mentioned lapping processes and polishing
processes. The chemical strengthening was carried out by preparing a
chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate (40%), heating this chemical strengthening solution to
400°C and preheating the cleaned glass substrate to 300°C, and immersing it in
20 the chemical strengthening solution for about 3 hours. The immersion was
carried out in a state where a plurality of glass substrates were placed in a
holder so as to be held at their end faces, thereby enabling the entire surfaces
of the glass substrates to be chemically strengthened.
[0215]
25 By performing the immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface layer of
the glass substrate are replaced by sodium ions and potassium ions in the

chemical strengthening solution, respectively, so that the glass substrate is



15 been subjected to the above-nentioned | appi ng processes and
pol i shing processes. The chem cal strengthening was carried out by
preparing a chem cal strengthening solution in the formof a m xture
of potassiumnitrate (60% and sodiumnitrate (40%, heating this
chenical strengthening solution to 400G@nd preheating the cleaned
gl ass substrate to 300C, and imrersing 1t in 20 the chem cal

strengt heni ng solution for about 3 hours. The inmersion was carried
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acid heated to about 40C, so as to be cleaned. Further, the glass
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i mrersed in respective cleaning baths of pure 10 water and IPA in
turn solBs waigeand IE4deiumseassp be cleaned. By performing the first

| appi ng process, @%«? utting-out process, the second | appi ng process,
the end face poIi 'Kg process, the first and second poli shing

et nor ey BEREAR o FRLBMER R Fb e
magnet i c- di $kcond lapping process, the end face polishing process, the first and second
polishing processes, and the chemical strengthening process as described
15  above, there was obtained a flat, smooth, and high-rigidity magnetic-disk
Substrate.
[0218]
(7) Inspection Process
An inspection was conducted about the shape of an outer peripheral
20  portion of the obtained magnetic disk substrate. An inspection process
comprises a measurement process of measuring offset values and an extreme
portion 15 at a plurality of positions in the circumferential direction of the glass
substrafe and a judgment process of judging whether the glass substrate is
good or not based on the measured offset values and extreme portion 15.
25 [0219]
(8) Magnetic Disk Manufacturing Process
On each of both surfaces of the glass substrate obtained through the

above-mentioned processes, an adhesive layer of a Cr alloy, a soft magnetic



substrate. [0218] (7) Inspection Process An inspection was conducted
about the shape of an outer peripheral 20portion of the obtained
nmagnetic di sk substrate. An inspection process conprises a
nmeasurenent process of measuring offset values and an extrene portlon
15 at a plurality of positions in the cygcunferential direction of
the gl ass substrate and a judgnent process of judgi ng whether the

gl ass substrate is good or not based on the neasured offset val ues
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Magnetic Di sk Device Manufacturing Process
outer peripheral portion of a main surface thereof.
10 [0220]

(9) Magnetic Disk Device Manufacturing Process

By incorporating the above-mentioned magnetic disk into a device, a
magnetic disk device was manufactured. Since the structure of a magnetic
disk device is known, a detailed description thereof is omitted herein.

15 [0221]

(Example 3)

By applying the following polishing conditions to the second polishing
process of (5) Main Surface Polishing Process described above, a magnetic
disk substrate, a magnetic disk, and a magnetic disk device were manufactured.

20 In this Example 3, a 2.5-inch disk (¢65mm) was manufactured. The specific
polishing conditions in this Example 3 were such that, like in the case of the
above-mentioned Example 1, the hardness of polishing pads was set to 85
(Asker C hardness), the grain size of abrasives to 1.0(um), the processing rate
to 0.30(um/min), and the processing pressure to 9(Pa}. (That is, Example 3 in

25  the second embodiment of this invention was described as Example 1 in the
first embodiment of this invention.)

(Comparative Example 4)

A magnetic disk substrate, a magnetic disk, and a magnetic disk device



By incorporating the above-nentioned magnetic disk into a device, a
magneti c di sk device was manufactured. Since the structure of a
magneti c di sk device is known, a detailed description thereof is
omtted herein. 15[0221] (Exanple 3) By applying the foll ow ng
pol i shing conditions to the second polighing process of (5) Main
Surface Polishing Process described above, a magnetic disk substrate,
a magnetic disk, and a magnetic di sk device were manufactured. 20In
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Surf ace Shape [0222]
(A) Specification of Surface Shape
15 In order to examine the shape {end portion shape) of the periphery of
the main surface of the magnetic disk substrate, an optical interference surface
shape measuring apparatus (OptiFlat (manufactured by Phase Shift Technology,
Inc.}) was used. As a result, it was found that the end portion shape of the
glass substrates of Example 3 and Comparative Example 4 was a ski-jump
20 shape. And from this measurement result, the distance of the vertex (extreme
portion 15) in the ski-jump shape from the center of the glass substrate was
measured. Further, in order to examine the displacement of the position of the
vertex in the circumferentiai direction, the position of the vertex was measured
at 12 points in total by rotating the glass substrate per 30° in the circumferential
25 direction. The results in this event are shown in Fig. 6. Fig. 6 is a diagram
showing the results of measuring the radial position of the extreme portion
(ski-jump point) 15 of the ski jump.
[0223]



151 n order to exam ne the shape (end portion shape) of the periphery
of the main surface of the magnetic disk substrate, an optical
interference surface shape neasuring apparatus (Opti Fl at

(manuf actured by Phase Shift Technology, Inc.)) was used. As a
result, it was found that the end portizn shape of the glass
substrates of Exanple 3 and Conparative Exanple 4 was a ski-junp
20shape. And fromthis neasurenent result, the distance of the vertex
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the height (offset value) of the extreme portion 15, the values were
15  approximately the same in the structures of Example 3 and Comparative
Example 4.
[0225]
(B) Load/Unload Test Comparison
After manufacturing the magnetic disks in which a magnetic layer was
20 formed on the magnetic disk substrates according to Example 3 and
Comparative Example 4, the magnetic disk devices were manufactured, and a
load/unload test was conducted in which the rotational speed was set to
10000rpm. In this event, the flying height of a recording head was set to 9 to
10nm. As a result, no crash occurred even by repeating the load/unload
25 1000000 times in the case of Example 3, while, in the case of Comparative
Example 4, a crash occurred when the load/unload was repeated 600000 times.

In Example 3, in the case of a rotational speed of 5400rpm and 7200rpm, no

crash occurred even by repeating the load/unioad 1000000 times.



(B) Load/ Unl oad Test Conparison After manufacturing the magnetic
disks in which a magnetic |ayer was 20 fornmed on the magnetic di sk
substrates according to Exanple 3 and Conparative Exanple 4, the
magneti ¢ di sk devi ces were manufactured, and a | oad/unload test was
conducted in which the rotational speedysas set to 10000rpm In this
event, the flying height of a recording head was set to 9 to |Onm As
a result, no crash occurred even by repeating the | oad/ unl oad
251000000 ti nmes ipngﬁf case of Exanple 3, while, in the case of
Conpar ati ve Exanple 4, a crash occurred when the | oad/ unl oad was

repeat ed 600000 t FORBer, H8sgRean®lofisst valibs WereCpo@hattly Gleaddnipl
speed of 5400rpm and 7200rpm no crash occurred even by repeating the

| oad/ unl oad EMAEGIO0 andrixsnpardvd B2&6hle 4, a crash-tailuteoccudes wittethehe

of fset values were approximately the sane in Exanple 3 and

Conpar at i ve Skkie ef Yompagative fExpaIlaf evhedcugliosdess was earged oubiat ur e of
Conpar at LLve anpl e 4 when ide test was carried out at, .

5hi gh- spBed h@}‘ qeSotaqn; h@“gbﬁé’ﬁ"eﬁgﬁﬂfi PR c@shilte PreHr it eed
with the str, t TS, f { f
| ar ge (not g#@l#ﬁg%%ejéﬁpﬂ@%nﬁ@%ésn&egg#%glg bt% Egﬁ%b'%%’eurﬁg% yic??\‘{"‘%r‘)illj

concentri ci &gki jumphts @resewpisitel the MBIkt dr RBnELHARGE i§ hRMAVARESs Sfall),
undul ation) of the substrate surface in the circunferential direction

is snmall. Fineg beangegsoughnessibt uodulationy of ewt substrhtevasfatefiotied t hat t he
circularity was preferably 600Rm or |ess and the concentricity was
preferably troontareitial disectionge smallFr buttiheri 8s asesMitof many iesiseivaso be

ARG R YRR TSN ST R
was preferably 1200um or less.
[0227]
From this result, it is seen to be important that, as in this invention, the
radial position of the exireme portion (vertex of the raised portion) 15 of the
15  offset portion 14 present at the periphery of the main surface of the glass
substrate be approximately the same in the circumferential direction.
[0228]
(C} Influence of End Portion Shape
Next, the influence of the height of the extreme portion 15 in the
20 circumferential direction was examined. An examination was made of the
influence of the change in height of the vertex, in the circumferential direction, of
the magnetic disk substrate in which the radial position of the extreme portion
(vertex of the raised portion) 15 of the offset portion 14 present at the pe'firphery
of the main surface of the glass substrate is approximately the same in the
25  circumferential direction {(Example 3 described above). Further, another
magnetic disk substrate in which the change in height of the vertex in the
circumferential direction is greater than that of the above-mentioned Example 3

was prepared as Comparative Example 5. This magnetic disk substrate of



150f fset portion 14 present at the periphery of the main surface of
the gl ass substrate be approximately the sane in the circunferenti al
direction. [0228] (O Influence of End Portion Shape Next, the

i nfluence of the height of the extrene portion 15 in the 20
circunferential direction was exam ned.74An exani nati on was nade of

t he influence of the change in height of the vertex, in the
circunferential direction, of the magnetic di sk substrate in which
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of fset value was determned so that it was possible to see the change
of the extr eayed@ 1t iR2inFig.fA) ok mhaxinhen bipetniapleewys déteriinedesorthat it

surface of the glass substrate and having hei ghts that
was possible to see the change of the extreme portion 15 formed at the

15  periphery of the main surface of the glass substrate and having heights that
differ in the circumferential direction. Herein, the distances from the center of
the substrate were set to 29.9mm (R1) and 31.5mm (R2), respectively, and, as
a measuring apparatus, use was made of an optical interference surface shape
measuring apparatus (MicroXam (manufactured by Phase Shift Technology,

20 Inc.). Then, the position of the vertex was measured at 12 points in fotal by
rotating the glass substrate per 30° in the circumferential direction. MicroXam
is narrow in measurement range but high in resolution as compared with
OptiFlat described above.

[0229]

25 That is, the maximum offset value measured by the above-mentioned

method represents the magnitude of the offset between the above-mentioned

straight line connecting R1 and R2 and the vertex (extreme portion 15) of the

above-mentioned raised portion. The results are shown in Fig. 7.



differ in the circunferential direction. Herein, the distances from
the center of the substrate were set to 29.9mm (R1) and 31.5mm (R2),
respectively, and, as a neasuring apparatus, use was nmade of an
optical interference surface shape neasuring apparatus (M croXam
(manuf actured by Phase Shift Technol ogy7520inc.)). Then, the position
of the vertex was nmeasured at 12 points in total by rotating the

gl ass substrate per 30 in the circunferential direction. McroXamis
narrow in maasuregj%% range but high in resolution as conpared with
Opti Fl at descri be 1) [0229] 25That is, the maxi num of fset val ue

nmeasured by the ah@\sﬂowﬁm Fredihgainze er@ﬁéugﬁﬁéﬁtﬁebms@%mé@%tr@
the of fset between the above-nentioned straight |ine connecting RL

and R2 and theumtarertial fzadtioane spalltin &xarhbe @ésbbmpamm\/\mfhmmtlroned
rai sed portion. The results are shown in Fig. 7. 75 [0230]
As shown mqur@paratlvet earepladge Spﬁcﬁ@albhthecﬁhatnﬁe dg*fea@@ceslu@qaﬂmlwuwas

the circunf i ection i i e_3 as co

hat 1 n BonpdioT v iirenge Fsieno BAPIERS Ereinge VRS dPdRBe | n
Exanple 3 was 5 2@@217} whil e, the change difference in Conparative
Exanple 5 was 16 [ 0231] After manufacturing the

magnetic di sks i najy man@amaﬁgtmétmlagﬁ@rc (W@F%s fn%m@r@afiﬁlagEx c @R GldlsC
di sk substrates according to Exanpl e and Conparative anpl'e 4, the

magneti ¢ di sknoeMircine m@grmtluwmwamuam,amodmg b0k cmedle 3l arid t est was
conducted. Specifically, the test was carried out in two cases with a
di sk rotati Paspldved=ximpla do ennagaeticadick gewiess werer ma@ufan@red ﬁndga

O e GRS o R bl P bl W
cases with a disk rotational speed of 5400rpm and 7200rpm by setting the flying
height of a recording head to 9 to 10nm.

[0232]
As aresult, in the case of the magnetic disks according to Example 3

15 and Comparative Example 4, no crash occurred even by repeating the
load/unload 1000000 times at a rotational speed of 5400rpm. With respect to
the magnetic disk of Comparative Example 5, a crash occurred in a load/unload
test of 2000000 times.

[0233)

20 From this result, it is seen to be most preferable in terms of rotating the
magnetic disk at high speed that the extreme portion 15 be the same in radial
position and small in height change in the circumferential direction of the glass
substrate.

[0234]

25 While the second preferred embodiment of this invention has been
described with reference to the accompanying drawings, it is needless to say
that this invention is not limited thereto. It is obvious that a person skilled in

the art can think of various modified examples or revised examples within the
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substrate accordi ng to't S|n\/et|on|samagnet|c ubstrate

having a gemginekt ¥infllsabst@k BtreHgthasecompared dithagealumntling sgbstrdte ted
face forned between the main surface and the end face and may be

confi gured pusfhradiepartiatlathéorpembpiledgvicd. t he nai n surface, there is
provi ded an of f set gortion 14 raised or lowered with respect to a
flat surface, othB236han the

15 The magnetic disk substrate according to this invention is a magnetic
disk substrate having a generally flat main surface, an end face, and a
chamfered face formed between the main surface and the end face and may be
configured such that, at the periphery of the main surface, there is provided an
offset portion 14 raised or lowered with respect to a flat surface, other than the

20 periphery, of the main surface, the offset portion 14 is continuously formed in
the circumferential direction of the main surface, and the position of an extreme
portion 15 where rising is maximum in the offset portion 14 is located at
approximately the same distance from the center of the substrate.

[0237]

25 The offset portion 14 may be formed at the outer periphery or the inner
periphery of a main surface of a disk-shaped magnetic disk formed with an
inner hole in its center or may be formed at each of them. In this invention,

when the offset portion 14 is formed at each of the inner periphery and the outer



20peri phery, of the main surface, the offset portion 14 is
continuously fornmed in the circunferential direction of the main
surface, and the position of an extrene portion 15 where rising is
maxi mumin the offset portion 14 is |located at approxi mately the sane
di stance fromthe center of the substraye. [0237] 25The offset
portion 14 may be fornmed at the outer periphery or the inner

peri phery of a main surface of a disk-shaped magnetic di sk forned
with an innejp,; Lol : f f In
thi s | nvent Forooarery PRI oftarPBNidtG {ORATHalt rERabyBimediiied
inner peri pheayeand itid prétbiadle tha¥ pABELIBMETHS o@br p&BHenPRRe@ thE MRear

of fset portions 14 may have the above-nentioned shape,” but it is

pref erabl e tehicitpaf ireedrding\hettiés bighdravpené pbeveymehtored stampki near
velocity of a recording head is high have the above-nenti oned shape.

| ndustrial Apistiead Bipplieabildy 0238] This invention can be used as
a magnet Lc di sk s&ﬁﬁéiate for use in a magnetic recordi ng nedi um and
as a nmagHetic dis ng it. 78 CLAIMS 1. A magnetic disk

substrate bei ng atdi.sk- e Vi I Il at
mai n surface, an gﬂ§§$§§@?H§g8%§ﬁ%%pe z?g@gngﬁ%ﬁggsgggﬁggﬁﬁﬁké'ﬂﬁin
surface and nidihedbfedd&ifg ndtfumneld58mapAblic 8k udingat. Peri phery of

the main surface, raised or lowered with respect toa flat surface,

ot her than the periphery, of the main surface, wherein: when
measuring said offset portion of said substrate at 12 points per 302
ina circunferential direction of said substrate, a change in

magni tude of the offset of said offset portion is 5nmor |ess.

2. A magnetic disk substrate according to claim1, wherein an extrene
portion where rising or lowering is maximumin said offset portion is
| ocated at substantially the sane distance froma center of said
substrate. 3. A magnetic disk substrate according to claim1
wherein, in said main surface, a circularity of a circle fornmed by an
extrenme portion where rising or lowering is maximumin said offset
portion is 600gmor less. 4. A magnetic disk substrate according to
claim1l, wherein: said substrate has a circular hole in its center,
and
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CLAIMS

1. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk and having a main surface, an end face, and a chamfered face formed
between the main surface and the end face,

the main surface having a flat surface and an offset portion, the offset portion
being raised or lowered with respect to the flat surface,

the offset portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, wherein:

when a distance from a center of the disk-shaped substrate to the end face in
a radial direction of the disk-shaped substrate is 100% and two points are set on the
main surface at positions of 92.0% and 97.0% from the center, a distance from a
virtual straight line connecting the two points to the offset portion in a direction
perpendicular to the virtual straight line is defined as a maximum offset value, and

when measuring the maximum offset value at 12 points per 30°in a
circumferential direction of said substrate, a change in magnitude of the maximum
offset value is 5nm or less.

2. A magnetic disk substrate according to claim 1, wherein an extreme portion
where rising or lowering is maximum in said offset portion is located at substantially
the same distance from a center of said substrate.

3. A magnetic disk substrate according o claim 1, wherein, in said main
surface, a circularity of a circle formed by an extreme portion where rising or
lowering is maximum in said offset portion is 600um or less.

4. A magnetic disk substrate according to claim 1, wherein:
said substrate has a circular hole in its center, and

in said main surface, a concentricity between a circle formed by an extreme
portion where rising or lowering is maximum in said offset portion and said circular
hole is 1200um or less.

5. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk to be mounted to a magnetic disk device and having a main surface,
an end face, and a chamfered face formed between the main surface and the end
face,

the main surface having a flat surface and an offset portion,

the offset portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, the offset portion being raised
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with respect to the flat surface, wherein:

when a distance from a center of the disk-shaped substrate to the end
face is 100%, an extreme portion where rising is maximum in a radial direction in
said offset portion is located in a range of 92.0 to 97.0% from the center, and

when measuring the extreme portion at 12 points per 30° in a circumferential
direction of said substrate, a change in radial position of adjacent extreme portions is
0.3mm or less.

6. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk to be mounted to a magnetic disk device and having a main surface,
an end face, and a chamfered face formed between the main surface and the end
face,

the main surface having a flat surface and an offset portion the offset portion
being located at a periphery of the main suiface and formed between the flat surface
and the chamfered surface, the offset portion being raised with respect to the flat
surface, wherein:

an extreme portion where rising is maximum in a radial direction in said
offset portion is located in a range of 92.0% to 97.0% from a center of said disk-
shaped substrate when a distance from the center of the disk-shaped substrate to
the end face is 100%, and

in said main surface, a circularity of a circle formed by the extreme portion is
400um or less.

7. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk to be mounted to a magnetic disk device and having a main surface,
an end face, and a chamfered face formed between the main surface and the end
face,

the main surface having a flat surface and an offset portion the offset portion
being raised or lowered with respect to the flat surface,

the offset portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, wherein:

said substrate has a circular hole in its center, and

when a distance from a center of the disk-shaped substrate to the end face in
a radial direction of the disk-shaped substrate is 100% and two points are set on the
main surface at positions of 92.0% and 97.0% from the center, a concentricity
between a circle formed by an extreme portion where a distance from a virtual
straight line connecting the two points to said offset portion in a direction
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perpendicular to the virtual straight line is maximum, and said circular hole is
1200pm or less.

8. A magnetic disk substrate according to any one of claims 5 to 7, wherein a
change in magnitude of offset in said offset portion is 5nm or less.

9. A magnetic disk substrate being a disk-shaped substrate and having a
main surface, an end face, and a chamfered face formed between the main surface
and the end face,

the main surface having a flat surface and a lowered portion,

the lowered portion being located at a periphery of the main surface and
formed between the flat surface and the chamfered surface, the lowered portion
being lowered with respect to the fiat surface, wherein:

when a depth of the lowered portion from the flat surface is specified at a
position spaced by a predetermined distance from a center of the disk-shaped
substrate, a change in depth is 5nm or less in a circumferential direction of the disk-
shaped substrate.

10. The magnetic disk substrate according to claim 9, wherein,

when a distance from the center of the disk-shaped substrate to the end face
is 100%, the position spaced by the predetermined distance is located in a range of
92.0% to 97.0% from the center.

11. The magnetic disk substrate according to claim 9, wherein the change in
depth in the circumferential direction of the disk-shaped substrate is a difference
between maximum and minimum when the lowered portion is measured at 12 points
per 30° in the circumferential direction.

12. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk to be mounted to a magnetic disk device and having a main surface,
an end face, and a chamfered face formed between the main surface and the end
face,

the main surface having a flat surface and an offset portion, the offset portion
being raised or lowered with respect to a flat surface, the offset portion being
located at a periphery of the main surface and formed between the flat surface and
the chamfered surface; wherein:

when a distance from a center of the disk-shaped substrate to the end face in
a radial direction of the disk-shaped substrate is 100% and two points are set at
positions of 82.0% and 97.0% from the center, a circularity of a circle formed by an
extreme portion where a distance from a virtual straight line connecting the two
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points to said offset portion in a direction perpendicular to the virtual straight line is
maximum is 600um or less.

13. The magnetic disk substrate according to claim 12, wherein the extreme
portion is measured at 12 points per 30° in a circumferential direction of the disk-
shaped substrate.

14. A magnetic disk wherein at least a magnetic layer is formed on the
substrate according to any one of claims 1, 5, 6, 7, 9 and 12.

15. A magnetic disk according to claim 14, wherein a touch-down height is
4nm or less.

16. A magnetic disk device mounted with the magnetic disk according to claim
14 or 15.

17. A magnetic disk substrate being a disk-shaped substrate for use in a
magnetic disk to be mounted to a magnetic disk device and having a main surface,
an end face, and a chamfered surface formed between the main surface and the end
face,

the main surface having a flat surface and an oifset portion, the offset portion
being raised or lowered with respect to the flat surface,

the offset portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, wherein:

when a distance from a center of the disk-shaped substrate to the end face in
a radial direction of the disk-shaped substrate is 100% and two points are set at
positions of 92.0% and 97.0% from the center,

when measuring an extreme portion, where a distance from the virtual straight
line connecting the two points to the offset portion in a perpendicular direction to the
virtual straight line is maximum, at 12 points per 30° in a circumferential direction of
the disk-shaped substrate, a change in radial position of the adjacent extreme
portions is 0.3mm or less. '

18. A magnetic disk substrate being a disk-shaped substrate and having a
main surface, an end face, and a chamfered surface formed between the main
surface and the end face,

the main surface having a flat surface and a raised portion,

the raised portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, the raised portion being raised
with respect to the flat surface, wherein:

when a height of the raised portion from the flat surface is specified at a
position spaced by a predetermined distance from a center of the disk-shaped
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substrate,

a change in height in a circumferential direction of the disk-shaped substrate
is 5nm or less.

19. The magnetic disk substrate according to claim 18, wherein the position
spaced by the predetermined distance is located in a range of 92.0% to 97.0% from
the center of the disk-shaped substrate when a distance from the center of the disk-
shaped substrate to the end face is 100%.

20. The magnetic disk substrate according to claim 18, wherein the change in
height in the circumferential direction of the disk-shaped substrate is a difference
between maximum and minimum when the raised portion is measured at 12 points
per 30° in the circumferential direction.

21. A magnetic disk substrate being a disk-shaped substrate and having a
main surface, an end face, and a chamfered surface formed between the main
surface and the end face,

the main surface having a flat surface and a lowered portion,

the lowered portion being located at a periphery of the main surface and
formed between the flat surface and the chamfered surface, the lowered portion
being lowered with respect to the flat surface, wherein:

when a depth of the lowered portion from the flat surface is specified at a
position spaced by a predetermined distance from a center of the disk-shaped
substrate,

a change in depth between the adjacent lowered portions in a circumferential
direction of the disk-shaped substrate is 1.55nm or less when the lowered portion is
measured at 12 points per 30° in the circumferential direction.

22. A magnetic disk substrate being a disk-shaped substrate and having a
main surface, an end face, and a chamfered surface formed between the main
surface and the end face,

the main surface having a flat surface and a raised portion,

the raised portion being located at a periphery of the main surface and formed
between the flat surface and the chamfered surface, the raised portion being raised
with respect to the flat surface, wherein:

when a height of the raised portion from the flat surface is specified at a
position spaced by a predetermined distance from a center of the disk-shaped
substrate,

a change in height between the adjacent raised portions in a circumferential
direction of the substrate is 1.55nm or less when the raised portion is measured at
12 points per 30° in the circumferential direction.
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