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DESCRIPTION MAGNETIC DISK SUBSTRATE, MAGNETIC DISK, AND
MAGNETIC DISK DEVICE 5 Technical Field [0001] 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 magneticD&%Qﬁﬁéﬂ@Na, 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 substiaraNER DIBIKBIBITRATERRIGNETE @ SiichiNgan
underlayer, a magnetic layer, a 20 protective layer, and a lubricating layer

in this order on a substrateMAEMNISTACUSKJAbtate or a ceramic

substrate. Aluminum substrates have conventionally been widely used as
magnetic disk substrates. However, following the reduction in size and
fiskARSS RYhe increase in recording density of magnetic disks, glass
substrates excellent in substrate surface 25 flatness and substrate
strength{@80ddmpared with the aluminum substrates have been gradually

replacing them. [0003] The glass substrates with high rigidity are also .
advantajBBUE Y IRRIelaiestithe MnBetimeiskis st édisighde  magnetic

?éﬁBrr(ﬂﬂaiF‘ﬁngnﬁné’Hﬁ'qB% magnetic disk using the same.

Background Art

[0002]

In recent years, the information recording technique, particularly the
magnetic recording technique, has remarkably advanced following the
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
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
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
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large-capacity magnetic recording media in mobile devices and
automobiles. The size of substrates tends to be reduced for installation in
mobile devices. 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 smalfer substrates. As the size of the
substrates decreases, the allowable dimensional error also decreases
and thus more accurate shape processing is required.. [0004] Further,

faAbINA IREQMErBEEEIThidRRGH S BlRNFRGhEIROERBIIRE faTesidge,

RRRERGASnRE R RANER e R BRI s and pusomantes
Gy RzbAdbIhasINshadhinscheghtsd fomagrarigibaad fremild devices.

substrate has decreased to even 10nm or less. However, when the

Arapretnohe stefiewy dkan aanugnisinaligiovithssichsiratoaréhess haxe been
flying height,.there i roblem that 15 a fly stiction.failure tends to occur.
RS T R ORI TGt S Al L SRy Al 5o ag Smaller
SpenelieJiskneanzes APBPIMALNOE MBI RAFEAS S thdngIbRighE Witthsional
causes irregular reproduction output changes. If this fly stiction failure

ecourglsih elerreagexandaineacthorasictailate shapeprieeging isegmetexd.
head is brought into contact with the magnetic disk. Therefore, the 20

glass suUf9P4e surfaces have been required to have high-level flatness

q . A | |
o rface PHHIEE FolBi et EhEN (bR Al doBrding
RioNsid e e agneiny 6 da 2 alacssd drerranientional e e (Gontact

Start Stop). The CSS type is a type in which a magnetic head is brought
magoeirsesigiteheasHMEdigads andHe gietonagrelesppisjwedirrds (GMR

B A D TS P00 B
RadeddegddyRris foRRedrIvdich AERaRelGREATHE FRESALRR ead flies over
a magnetic disk with such an extremely low flying height, there is a problem that
a fly 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
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
place of the conventional CSS type (Contact Start Stop). The CSS type is 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
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the outside of a glass substrate at the time of disk stoppage, and thus
there is an advantage in that a CSS region can also be used as a
recording surface. Further, during stoppage of a magnetic disk device,
even if a strong impact is 5 applied, since the magnetic head is retreated,
it is possible to minimize damage to a magnetic disk. For a portable
small-sized hard disk, a combination of a start reproduction system of the
load/unload tr(é:)e and a magnetic disk using a glass substrate is selected

fPRrAN dhedeanngiprd dberat N RS BraThir Tt agaae alie ieprovirgitaated to

. : . load lyne. i a i .
SRR R sl o Sioplet S nere v
antesnefiplgeral paitiarO¥She gubrseavaitalR RrIGE U8ty ratsesivg surface.
problem. If there is disturbance in shape (rising or lowering) at the outer

bertprerdupogietoppags fthessapseattdish dayipgngvesstuaesstpitg impact is

magnetic headis disturbed so that a contact tends to_accur when the

FRRJCk HEad 5o MEQ IR o REEHL B A Gk BIRSS SR (B e gamage

ik ARHEE Wele isrbPassiiliehaRsputensriiske sl dsibRation of a

Therefore, high flatness is required particularly at the disk outer peripheral

siantioap AW[000A dctempathewadsmioatbhgy doud asoagnetoelsie using a
eed is required for magnetic disks. Conventionally, a magnetic disk

é RS HRSIHEI SRR LGRS Qimsratenadringe s fRiafhaloBerREdiBeal
f I . .h , a rotational
O A LD TR . Stanea to be usn,

Further,[gooeqr future, a rotational speed of 10000rmp or more is
expected to be used. With such high-speed rotation, the linear velocity

particuldAyhinack blord HpHEnge Ramaanedicc@iarl preeasdbreegh an end
SR D A e S R e
drhSndaestatdlBarticularly arises as a problem.  If there is disturbance in
shape (rising or lowering) at the outer peripheral portion of the glass substrate,
the flying posture of the magnetic head is disturbed so that a contact tends to
occur when the magnetic head comes in from the outside of the glass substrate
or goes out, and thus there is a possibility of the occurrence of crash failure.
Therefore, high flatness is required particularly at the disk outer peripheral
portion.

[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 rotational speed of 4200rpm or the like.
In recent years, however, a rotational speed of, for example, 7200rpm or more
has started to be used. Further, in near future, a rotational speed of 10000rmp
or more is expected to 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
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the linear velocity becomes 18.4m/sec at 5400rpm and the linear velocity
becomes 24.5m/sec at 7200rpm. The above-mentioned fly stiction failure
and head crash failure particularly tend to occur at the disk outer
peripheral portion 5 where the linear velocity becomes high as described
above. Therefore, also in this viewpoinf‘,r high flatness is required
particularly at the outer peripheral portion. [0008] In recent years, the
contact-slidi(r;% type recording medium 10 (contact-recordin

[

%&P&%@Qﬁ _ﬂ%@b‘_%@%égﬂmé@%m&@& . H@tecﬁﬁf%f-'é‘figﬁ‘t\}é)@ﬁﬁca while,
{ﬁécﬁ'ﬁjé'%g %?&H?‘@eé ct Fﬁ&STfé!?QrF}@Sd %%"6*‘4%%@%?{9 g fieas R‘Fﬁi&ty

and writes In a sta ere it is in shiding conta a magnetic

Bditomal the HieniactRITamDigRe revRedibreaisntitaeld ifyilkadesamdinge and
type that has been present for a long time, since the recording density can
bearbarasbdsiddrapaitiayiadydenskiaesau AidbrIffigkhewiemparpheral portion

ic disk i d iy ' idered. h [ .
R i e SRR BV ALUHB T RO G BcordH RLg, el
e e R PR o
pedubrthere is a case where, partially, 20 the recording head makes a

sliding contact with the magnetic disk. However, if it makes the sliding
contact,[w]of the recording head becomes a big problem. Further,

bossibiy TS et 8 S R e el
neetdedoRiiag MpRCttIiM RS Whlanginge diesewitatdargeine

attributable to 25 unevenness of the surface of the magnetic disk and, as

oeaiatheid G harirgcerdingImegiuelscryiesoriitng idifetit Wiykh a recording
increases, the i qu.?nce_ increases 'I;ge (Iafolre Iso in thi v'evxll oint, hi hetic

ER s AR R ot AT e Dl e PSS SRR e B

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
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,
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
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.
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On the other hand, as described in Patent Document 1
(JP-A-2005-141852), there has conventionally been a problem that when
the main surface of a substrate is polished, the flatness of its outer
peripheral 5 portion becomes insufficient. That is, a glass substrate is
polished by pressing the front and backmain surfaces thereof between
polishing pads and relatively moving the glass substrate and the polishing
pads while supplying a slurry containing abrasives. In this event, rising
(the outgt)(b(é? pheral portion of the main surface projects as compared

with the GBrPBION A e BB RS R-RRebaK g qocurs at the

outer peripheral portion o main surrace or lowering e outer

REFiphecg Padirgbef tiecneaia s woace htbh iR iséate 2ivemenshamasnen the

relatively greater than the other portion of the main surface) called roll-off

MUrslgfah@ oliecpyesiphierig polisbedr ite ffatness ahie duigeperieheral
AT B COMER oY Bo0et 1AL 555 BRI MHB A S RULRTRS by pressing
froblsm 89 RUVBLiR%IaLBEHINR o7 BdtNedh R AERAENSELRRME rélstively

outer peripheral portion of the magnetic disk is a portion where the

fraoviesstsengtesd s aylnséd iseand $balpoliskingvedatstwHilecaupedyighesturry
and thus the influence of unevenness is large. Further, with respect to the
ﬁ’l@a

peRBIRR G ARG e it HBEAYENe TSRAIMSBUIRP SHER Hareianf the
ﬁlﬁﬁ#&&HHﬁ% @‘ﬁ@g@%@f?@?ﬁ g%ramm;@a 8%@%@%@%? 852 Qtace)

outer perip Ion, t I jump or the roli-o 0 occur and thus

HagdaisiesarigndadareegrdeoUieeisdpishdlis pearssantiie raduredrfackior

jump or the roll-off as much as possible or to manage so that a glass .
et ibaatieeasceheraljopii ot Rbithsgmaisdfaca fabg Heacsimk.of being
when ma ufactL{ringna n}ﬁgn Hc disk subst{ te, this end portion
er than 5

ghngdg%o\@qjggge % Iee other portion of the main surtace) 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.

[0010]
Patent Document 1:  JP-A-2005-141852

Disclosure of the Invention
Problem to be Solved by the Invention

[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
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
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of indices for judging a good/defective product. [0012] 5 However, as a
result of manufacturing a magnetic disk, i.e. a hard disk, using a magnetic
disk substrate thus managed, there has arisen a problem of frequent
occurrence of head crash. [0013] Therefore, an attempt has been made
to reduce the head crash by 10 more stﬁctly setting a management value
for defining the above-mentioned end portion shape (more strictly setting
Jjudgment standard for a ?ood/defective product based on the end

BRI BPFLRES AR X IRTHRS a5 BR dekah BAGBSHP St crAR ivhen
PSS SRR SR AT IS BHRCUERIS) S 680 e one

abpigeaersigoedinghlgotsd/aettbaseaprobigst to provide a substrate

highly reliable to prevent the occurrence of crash failure even if a
magneti®8itklis rotated at high speed, and suitable for a hard disk that

starts and stops by the load/unload method, and a 20 magpetic. disk ysing ..
Such  SIBUEL: H A 60l b RE R oA RGP dfare sk,
QEIHISVE'_ ARAIER SRBVEARCIHIN R RERYIE MR B ARV LbHSIem of
application have paid attention to the fact that there are cases 25 where a
freqgdanmbsbauwrcensand hdaeterasinead crash occurs even by strictly

setting the above-mentioned management value, and have observed the
end pOt[@@ﬂ %hape of respective substrates. Then, they have found that

b AR DAL Bae RO AL B oo o
weve stiifildetting 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.

[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
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
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
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[First Mode of this invention] Further, the inventors of this application have
found that it is possible to 5 provide 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 (lowered) shape at an end portioﬁ of a main surface of the glass
substrate so as to be approximately the same in a height direction
erpendicular to the main surface of the glass substrate, and have 10
EBH%!@EFHQH@FW%%H&&W@ MARAHNGOb Y@ Uehat is, a magnetic disk
substra}gﬁ)a?g rding to the first mode of this invention has a structure in
which the magnetic disk substrate is a disk-shaped substrate and has a

generallyftat Matiesoiriaes irveaiefpce, a chamfered face 15 formed
between the main surface and the end face, and an offset portion, at a

periphefyusthie iainsammase, abibisaplisaticn have fespecthatat fispossible to

surface, other th he, periphery, of the main surface, wherein a .
e A RS R AREEl O R B TAS G A T B pBreRging
CEER ST TN BRI PP dhepetmsiiith-ghltosBlne gQ@é WORdEERE more
structure is characterized in that the main surface of the substrate has,
bedoitiealliselbaindling tdhansdicex (faverdd stiapepatiraoremdipedtion of a main
lowered with respect to the main surface and, in plan view of the main

sfraee of the glassiibstrlofeab iR RRIETRHE hRFASFIR hiRight
ﬁ@g&?@@@ﬂ%@%ﬂ&o{ﬂ% Rt jﬁ%@gﬁ?@eﬁé@gﬂﬁ S A have

, for example, the eight of the offset

portiole isdoresetiadyn Soenod s sveati8h8 According to the

above-mentioned structure, it is possible to improve the flatness of
particuldf9 tide outer peripheral portion of the magnetic disk

That is, a magnetic disk substrate according to the first mode of this
invention has a structure in which the magnetic disk substrate is a disk-shaped
substrate and has a generally flat main surface, an end face, a chamfered face
formed between the main surface and the end face, and an offset portion, at a
periphery of 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.

[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
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]
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substrate. Therefore, the flight posture of a magnetic head is prevented
from being disturbed particularly at the outer peripheral portion of a
magnetic disk 5 and, even if the magnetic disk is rotated at high speed,
there is no possibility of contact between the magnetic disk and the
magnetic head and thus the reliability &n 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
particu|a‘}fiﬁafgm%et&ep@gﬂﬁﬁ%rﬁ]%'Bﬂﬁ%ﬁt@%gﬁwétmk"&r%H’E‘R’F@Ve

e e S R

pavdaaief the maadicre! fane (g M suhFBaleLHRIGhetRHERGIIS WIIeEANEE from
of 15 the substrate to be approximately the same in the circumferential

aregidisoraned pabinras i dheautalmarodielatieoiteeira diewaste disk
HDD) is _manpufactured using this substrate, it is possible to stabilize the ..

A 28 BRSELe St (RGOt PGt BRI o oS iy o
SR BRRAL A IS ABIRSAL 8 ShaS AR RIS O HIRINRERES the
approximately uniform in the circumferential direction at arbitrary radial
mEbomg ca8mbe animagredic Headhsraaksa witly nespedistorpasdgge thiea
circumferential direction, contact between the magnetic disk and the

faghetic head thihedoadieipas bty siting PrRSFahIIME BiqHbght

pllsshie faemasEaieheuntan, ede Al atel dietiphera

measuring the oriset portion e substrate at oints

peridn o1 hmatiperdeierts tagciemmitmetiangadisiawiitiiendtbentact with
offset, i.e. the 9 difference (change amount), in a direction perpendicular

toateagaaiieditice of the substrate, in the offset portion formed along the

circumf%%tbcoﬁ of the

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
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]

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
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
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substrate, is preferably 5nm or less. With the change in this range, the
effect of the first mode of this invention can be obtained more reliably. 5
[0023] An extreme portion where rising or lowering is maximum in the
offset portion is preferably located at approximately the same distance
from the center of the substrate. In other words, the substrate has a
circular hole in its center and it is preferable that, in the main surface, the
center of a circle formed bé an 10 extreme portion where rising or lowering

FfREBRCRIGII9E SRRy pBbrd R siraptataeiPappieRhdtipeBainRerface of
Siij e e Ve- [ rcu is enables

B e R e o ALy R DRl e e

sistrirsertisislbrig 0 31etb. I WiemaéncHarein e sFanlpinhef effect

circle formed by an extreme portion where rising or lowering is maximum

i the bratenpdaiohtiipieverdiy covhestiiaised M0 iRy, it is more

prefera 5 rther, ideally, it is preferably 200m or less. If the circularity

decreas Q lue increases), even if the magnitude of the offset of the

extremeOBIRR IR AIRERNh NRAAHBIHASIAEAR MR RIRSASANIALR he oftset

approximately uniform as seen in the circumferential direction. By setting

foetoreidgrsfeodbdyatateti @ bppmrmaatielydteszyee Histance ftbm the center
mba nitude of the offset in the circumferential direction can be made
abii

AHRsERienitHAlIRHYRRAN® B Al Ras aceiag ila ndsagnter
ﬁﬁdTi‘P %jglﬁ}%?éﬁ%@ﬂ?a% ftf ?H@Fé%%eéﬂrf%cg?m%r@é?qe%m 88 BHASE by an

e concentricity between a circle formed by an extreme portion where
sgiRghes dewRing g e armyorinbiheripiisiet mestiatuan the fidapbalensoe
preferably 1200m or less. If 1000m or less, it is more preferable. Further,
ieealgd rigpprrisiaiablisneans pasitignies doaaaniaigf deereases

alue mcreg;lses , even if th offs'fﬁt.of th xtrﬁ%e rr?omﬂﬂ d% %?'{Hé”c‘,ﬁtshﬁ 0 be

é’dr‘ﬁ’[[]he@ PHed Gresar hole. is enables agn
approximately uniform in the circumferential direction.
[0024]

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
600um or less. If 400um 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
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]

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



10

15

20

25

cannot be approximately uniform as seen in the circumferential direction.
By setting the concentricity to be within the above-mentioned range,
however, the 5 magnitude of the offset in the circumferential direction can
be made approximately uniform with respect to the size of a recording
head. [0026] When seen in a direction1p§£rpendicular to the main surface,
the offset portion is preferably 0.02mm + 1.00mm (width of a pico-slider
of a recording 10 head) = 1.02mm taking into account the circularity of a

el akin g o BrREIgSSHioH HIRIGRBCERE ISIHEaEaRMe] Yrlk8 IitFeases),

e. t iskcradi ifection. - :
T e PR o S O aRThE T S e
caelesably Ajsovimatelyangahladesn by tescirtiieisrdialdirainnaf By
the substrate. 15 [0027] The substrate may be a substrate for use in a

sediipe ticadpskre Pl i el Withimtignabie s aetiureoirangsd eweNer, the
in whi i d is logded loaded wi

Bl B el R e R TR A Ah e TaEe e

Hppssipiilg OHIRRENRASEE A PRIYRE S28dT dhecuBfipiraan be

suitable for the load/unload type. [0028] The substrate may be a
substrat@@@8]ise 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 54&5‘6?_6!?1 SSRILE! tﬁéﬁﬁ_ﬁﬁ@é&%@%@%&%éﬁﬁﬁ%@% %Fﬁ&ﬁ’iéhe offset
E&Hoﬁ\’lg f’%?@?a‘agggﬁg%%s}ﬁ ?.66%‘%1@@&3@%}2?%@@@ 'St Oregoarggwg

ossibility of contact between the magn a magnetic hea

Huai)thel rebabiitiararghate rivaoced 1HROSLd I Arityhef rgRirse iRt the offset

structure of a magnetic disk manufacturing method according to the first
pestieroafsdhesiags iberarstifigdeny wimigspemdaithe 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.

[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
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
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]
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a magnetic layer on a surface of a magnetic disk substrate obtained by
the above-mentioned magnetic disk substrate manufacturing method.
This makes 5 it possible to manufacture a magnetic disk having high-level
flatness also at an outer peripheral portion of a main surface thereof.
[0030] [Second Mode of this Invention]1'1'he inventors of this application
have found that it is possible to provide 10 a glass substrate capable of
preventi_gﬁ a head crash by suppressing variation in end portion shape in

the in-plhH@ EIRASGRIYGIYrtE! ke SRERRIMIPISERRBIRG g method
5%'88% etﬁ‘é‘?fﬁs‘f‘?#q%%f%?@h?é .ﬁwgﬁgﬁgﬁgﬁgﬁg@ Ié?éfr@?ﬁe%g%%ﬁ%fﬂ&%ﬁ?east

as to be approximately thé Same in on o ass

suhatintriciagdrayie sennRiedirenagaatdrnsie afibirirveptitned by the
[0031] That is, in order to solve the problem, a magnetic disk substrate

abevaimgntanedsngrehdisiosthistienan wastdrég siete o whidhis makes
h tic disk trate is a disk-shaped substrat

oA o MR RS2 D P B L R Ll J2ve Daags also at an
BEESE ThsemRRoHHEIR S 2R SofrsRd fiaggind an offset portion, at a

periphery of the main surface, raised with respect to a flat surface, other
than the[@@8Phery, of the main surface, wherein the offset portion is
formed over the entire circumference of the substrate, and an extreme

portion_%@ﬂ%M@‘?@rﬂfaﬁ_mﬁdﬂYWWé‘]offset portion is located at
approxn?ﬁgem\}gﬁtg?ﬁl@ gﬁ%iﬁg@li%’%ﬁ @%@oﬁﬁ@ﬁw%ﬁtﬁg%ﬁ%@e to provide

[0032] According to entioned structure, 1t IS pos

Hyseeesibetfiaieeapabléhef greveriarendialaliceetpshiging predBitigariation
direction of a 12 recording head, particularly at the outer peripheral
ioeiiehpor ties shapR it ineknsRipsené thehelassrey bséraighnsusrestiierlly,
COAo Itlir(l:ght%%dricfcis%r ‘é%rétgg gtoarlrr]1 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.

[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 substrate and has a generally flat
main surface, an end face, a chamfered face formed between the main surface
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
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
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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 5 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 loa#funload type, there is no
possibility that the flight posture of the magnetic head is disturbed
particularly at the outer peripheral portion of a magnetic disk or that the

tRagrdne Read iparitigRtng B¥hRIEERRRNRDSFR RRIGRBR diskeeasfic disk

SIEEY CTHBIRA (R o B B AR R B8 rom
BEmyRIERseHHIBCHIDS alatie batappisinaialptIE sRBiefiAgntSic disk

circumferential direction of the substrate, when a magnetic disk device

anshoe \Rekibifeemapmtie eisiFaotaied atinghripecBstiais isisppesiitility of
t bilize the flight of tic h d th t th

B ARG A0S e PR PAG 8 BRI JBfion
RIS Ty <eth HESBhRAAIY!S ?Brﬁﬁéf?%’é\/mﬁt@%\@ﬁ 88HER of a
circumférence of the offset portion in a range of 92.0 to 97.0% with

nesgeetitohibad adihledistalioal radtype cinater isfribgoasdibilittdhatith@diight
diameter. It may alternatively be within a range of 1 to 2.6mm from the

BoRv iSRG MasReic At dinuthad RatcRIKAIheRY R ARIDheral
%8&%*&'%11% he 5}?&W&Q'8P‘R§ftﬁﬁﬁe@§ﬂ§g%ﬁg%%‘?é/[g&‘ | ipRRLoRtact with

easurement I jump, rol n the main
sfacgyribecdigilarity of a circle formed by the extreme portion is
preferably 600m or less. If 400m or less, it is more preferable. 13 Further,

ideally, §i083stkferably 200m or less. If the circularity decreases (value
Increasey) i by B Iy TS A pe SR S IS R B0 R R)
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
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
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
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. |f 400um or less, it is more preferable.
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uniform, the magnitude of the offset cannot be approximately uniform as
seen in the circumferential direction. By setting the circularity to be within
the 5 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. [0036]1 he substrate has a circular hole
in its center and, in the main surface, 10 the concentricity between a
circle formed by the extreme portion and the circular hole is preferably

TObRT.dARAIY, i DBRIFHRIBES ORI ESSrefdt ARRCIECHIRET FRENIRRSER

or ol rici e lue.i :
e o T o e S e S on
offsetraafme higyARNERX N Biel b sHiosemAB ISee A ppibRItHa ki g umiferen sl seen in
direction. By setting the concentricity to be within the above-mentioned

Ha@ gé choviexentiahdirestjanud Byfagiiogrdee initeelacine tenberaitiin the

direction can be made approximately uniform wijth respect.to the . size of a
R RIS DO iR (U e SILEE R RBE porton

BV PRcABRTXIMAIEH LR THR AYEE SRk MIRIRIRS WiNR spect to the

substrate. That is, the main surface of the substrate has, between itself

sizd tifeaciemoreiregl iaed, the offset portion raised or lowered with respect

to the main surface and, in plan view of the main surface of the substrate,
the offsé@%ﬁ}on may surround the main 25 surface with an approximately

“”ifom.‘ Jﬁﬁégpﬁdgf Pé?ISEaQ'&F&ﬂm‘?‘o|€‘ﬁ9H§%%%t%frtgﬁo°f@?%8%ama§urface,

approximately unitorm in the circumferential direction at ar itrary ra

PRSimse R Hotaeseats Hiedd faasabyageelereislk poridy inidene
circumferential direction, contact between the magnetic disk and 14 the

eiisgtidaie dei pahaaol Qe atdessy sdtitiPthemridarads isfmere
SRR IB® AP ey oL B Sy BB e R L e e S R Bhtricity
decreases (value increases), even if the offset of the extreme portion 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 made approximately uniform with respect to the
size of a recording head.

[0037]

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
surface with an approximately uniform height. 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
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"approximately uniform" is preferably 0.02mm + 1.00mm (width of a
pico-slider of a recording head) = 1.02mm taking into account both the
circularity being in 5 the above-mentioned range and the size of the
recording head with respect to the disk radial direction. [0038] In the
offset portion, the change in magnitude1c‘3’f the offset, i.e. the difference
(change amount), in a direction perpendicular to the main surface of 10
the substrate, in the offset portion formed along the circumference of the

Qi gipgeelicdienst 48 BRMBradusvaniraHey Grilge thamraenieamd the

: A . ;
e S R B T B e el B
Hpprownirddly anfrenetis piskeiasigoad2nead/unbomnny peidivdiieNbico-slider

magnetic head is loaded and unloaded with respect to a main surface of

thareapiging bekdhrol R yBiakingeinth ascsintbalethataisylafitdeing in
uter peripheral portion is high, the substrate can be suitable for.the

TR B8 0% s Lo ra 08, B0 B aRe A Eesnest o

RaYsticis thrbetigpounted in a magnetic disk device adapted to rotate

the magnetic disk at a rotational speed of at least 5400rpm or more.

Since th®@a8jess of the outer peripheral portion is high, even if the
magnetic disk is rotated at hi&gspeed, there is no possibility of contact
K anlf & '

petweerHBHRISRROG AGRAIR A R SWE reiRoE)
G REn B ERGRe I9R8L TR eSS B SHGILIEP & e ikoe o

man Ing ac ingtot ode of this Invention is

thaseistizes byt bitgapdaidadstasdcgbatc iy eirini Stefiaecodtise

magnetic disk substrate obtained by the above-mentioned magnetic disk
substrate. isaprgfacan s nme ®olesshisUikéae change in this range, the effect

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

[0040]

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
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
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it possible to manufacture a magnetic disk having high-level flatness also
at an outer peripheral portion of a main surface thereof. 5 Effect of the
Invention [0042] According to the first mode of this invention, it is
possible to improve the flatness of particularly the outer peripheral portion
of a magnetic disk substrate. Thereforé,Sthe flight posture of a magnetic
head is prevented from being 10 disturbed particularly at the outer
eripheral portion of a magnetic disk and, even if the magnetic disk is

st mAARAIISIRKE! BbreSYIRPBRISHMACHPIG Atsk DSl aRiained by the
e R SR B IR T s makes

thedegiBlunwathhimactirsei 2 ROSS IBILK NG @iljahe s Pastess efidoeat an

magnetic head is disturbed particularly at the outer peripheral portion of a
fdgheadrhskdmpdiahehrageiticndagashrmeiht into contact with the

ggr%sic disk. 0043’]é According to the second mode of this invention, it is
EE? EB VOB the flatness, in the circumferential direction being
a scann[@ggiljection of a recording head, particularly at the outer
peripheral portion of a magnetic disk substrate. Therefore, the flight
posture Attoedimgptoetie Heatnwpevé thedimaentibeingisisagtibte to improve the
{)articularl at the outer peripheral portion of a magnetic disk and, even if

b ReR AEREHEN R olARaUe HRRH IBPEE, RAEIENSh & FRAIISRIG disksubstrate.
?ﬁ@%%%e%%ﬁ%ﬂm%%ﬁd% dI5K fk%%:ﬁ@ﬁ?gg?@%ﬂ?eﬁrﬁo%“ééfﬁ%

reliability ¢an be rther, also with respect to passage of a

thewineds paaitindhg Mabdioinad frpphidelesmionnessimbiityrtbat HieKlmmd,
posture of the magnetic head is disturbed particularly at the outer
peeiliche teageticdiskdsiatiietdcadigiobrapeethéhersgisctie pessibdity of
gg%‘tjaqc tt%g %88%% Vr\rllighgggﬁcmd?&ngﬂ is<'ak'rnagnetic 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
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
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
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
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Brief Description of the Drawings 5 [0044] Fig. 1 (a) is a diagram used for
explaining a feature of this invention and is a diagram explaining the case
where the end portion shape of a magnetic disk substrate is a ski-jump
shape, and Fig. 1 (b) is a diagram used for explaining a feature of this
invention and is a diagram explaining tH€ case 10 where the end portion
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

BaridaRlm BAseCa dsk ahtaadtaR MavrReds RR%NIR) PIRBAbIRta-Fontact with

INts.i ortion shape of a magnetic disk substrate. Fig. 3 is a
@%gﬁaréh%%ﬁgrk%xplaining 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
Brigh&eseripihemefithadRrewisgate. Fig. 4 is a diagram used for explaining
a first emﬂinent of this invention and is a diagram showing the results
of measuring the radial position 20 of an extreme portion when the end

portion $hgpe ofadmedneiis sk 4k 8l ARlkivaR AbPen Eithv2itin and

diagram uSed for explaining a first embodiment of this invention and is a
i3 agdzag reino Wi atimenge Hudt © as eneb etei tigetlea dnaoatioms halifeebial ueafyoetic
a straight line connecting two arbitrary points in the end portion 25 shape
disk Eale sk SHeRs188e638% fdiaglb) (B SutGoEmM ARRT far

- ' t of.this. | )] [ i '
SO AT SR T e

whe feottio 50 aetirashans e & diskgsidiiidikk BUbstmaKisunpIsbishape.
Fig. 7 is a diagram used for explaining a second embodiment of this
inventiofiigng is a diagram sseditty Sx@leising afestasuahthisévenicmand 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
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
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
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
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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 portign 15 Best Mode for Carrying Out
the Invention [0046] Next, a descriptioMNill 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
SHEWR SRARE following embodiments are only illustrative for

facilitating understandi [ ton. . r int imit thi
ivention bt bR Uoee eI AP A SRS EhB AT i
AvarieseapipIR wilibgraivesneang efsebstitp oftipRaaltirgxtrRMeaximum
portion"”, and so on that will be used for explaining a feature of this
fitaaitsiueobag) a-sjraiciiding seirNeing fov @ apRiiFany ROENIS]iMTiP S ieageportion

nd a roll-off 18 shape each being one example of the end portion shape
%?%%Qgﬁe[ﬁ@g%?n%ﬁlbsgrﬁw Q ] The above-mentioned magnetic disk

substrate 10 has a disk shape and

Description of Symbols

[0045]

10 glass substrate
11 main surface
12 end face

13 chamfered face
14 offset portion
15 extreme portion

Best Mode for Carrying 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,
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
portion", an "extreme portion", 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
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5 is formed with a circular hole in its center. As shown in Fig. 1, the
magnetic disk substrate 10 has main surfaces 11 that will serve as
information recording/reproducing regions, an end face 12 perpendicular
to the main surfaces 11, and chamfered faces 13 interposed between the
main surfaces and the end face, respe@ively. 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
fRRRiIEAIREIRE RIS xRANIe\héie BRAPRITSRSDaRG G TtATEMNSHG Stisk
%glg%zﬁé%on both sides thereof cooperatively form one curved surface.

5 Since each main surface is the region for recording/reproducing
informatipp48]is substantially flat for allowing a recording head to fly
thereover. However, in the manufacture of the glass substrate 10, an

offset pdrfierabavednastiiesarapreiaigiak sulsiwied\Witrarea shisk @haee and
main surface of the glas ?ubstEate aicomgared with, a’q_:entraltb)ortion of i
(ORI A eI A BET 34 R BISToh b SRR HEfIGy RS et
gitRed psutiate 1o ® AR math QuAaEB L eI NRAT fsRNSSahRIFhRABHN

side and the outer peripheral end portion side of the main surface of the

aestsudsepted[@iB] Fefytosisown enditack (82, peepaidicuiastapeisnain
shape such that an outer 25 peripheral portion of the main surface 11 is

FaidaacitleaRs SRAMHSIPRIfACE ] SHISHIPSRSREPUAS A kPR IS RY IReeS
i i h . isy ] 19
GRS A TG S G

pétetyaltrelon rsyaighidnesshopatnie diatdetia heconssiiatidar by a
an evaluation is implemented by using the straight line connecting the two

atsitepppined asdtiiaseRelish plarrearstibisuAMghtieMesmineludssn case

where the end face 12 and the chamfered faces 13 on both sides thereof

cooperatively form one curved surface.

[0050]

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
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
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]
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5 extreme portion 15 (maximum offset value) being a maximum point of
rising or lowering as seen from the reference plane. [0053] As shown in
Fig. 2, the maximum offset value between two points is a maximum
distance in the positive direction from a straight line, connecting two 10
arbitrary points R1 and R2, within that r1a?‘|ge. And it is possible to measure
a state of the extreme portion 15 by setting the positions of the two points
R1 and R2 so that the extreme portion 15 being a vertex of the ski-jump

shape i ihcRSReMEh A RX BRI BRPAILRARBN R MBS WL IHRINg &

LRt R % SRR I GRS i Bols, Tht
i3 laard Adaid ihie daptephcioteexadth@thshgtathhavinecthestiey the two

diameter size of 2.5 inches (outer diameter 65mm4), it is possible to
adiiraihpainisoasanierenss Manand orapsujingdke nsagndud®ef an
29.9mm

R 5 R2),20 vely. | h d i
R ST T AT P e el NI ARG T BPIGe or
ARG issaler RPRSPIB O RIRSMIBS WO arbitrary points as two

points at a position of 92% and a position of 97% from the center of the
substrat®0534l the offset portion (raised portion or lowered portion) 14 of
the magnetic disk substrate exists between these two points. Of 25 these

two poirft$, HOWBIIf Fither WS AETBEe ah el ARleRMW RRINS is 2
@‘é%&ﬁﬂﬂ!ﬁ'h?sf?ﬁgé‘%' eé‘gsfi'f&z‘grérﬁé%ﬁ%ﬂv% 8’@9%?9%&?68 f%%ﬁsﬁj%’&ﬂwg two

ereinbelow, rising or ijowering respectto t ace

atbrrafapdinespRIiReNRY, theHmaingudage at Ahe Raspuysitheteehassure a

described above will be generally referred to as "offset” with respect to
shetelaf hereedremaoartmsibraysatlinod ip rrsitions of theiwpigaftseR 1 and

B S PR A amE porion R8'BMG % ¢ 5Clr W HEUN Shape is

included and the maximum distance from the straight line connecting the two
points is located on the extreme portion 15 side.

[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 65mmo), it is possible to determine the distances
from the center of the glass substrate to be 29.9mm (R1) and 31.5mm (R2),
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 portion or lowered
portion) 14 of the magnetic disk substrate exists between these two points. Of
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
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5 Figs. 1 and 2, the position exhibiting the maximum offset is the extreme
portion 15. [0056] [First Embodiment] First, the first embodiment of this
invention will be described. 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 to the?Qby 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

withifReRREH S HISHEAhsHEaSR- AR Rl eaTRh Ve ATt & giHrurface at

T P R A s o
ahtipppadirsthefauhniaie vihebendhedlaassubgirrie isaraed MrAtdd with

by measuring the shape of a peripheral portion. However, since glass

Huip sifiseiodh badeferreshigrastinecdofiaedwastienahtl inAsrgeajublitigéerang to
ince jns ed substrates cannat be, used as shippi roducts .
S L 20t COOC AL B BRI By eForegpe porton

jem is measured at only a single position thereof. And it has 25 been

found that even if magnetic disks are manufactured using the glass

substrat@df@]ged 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 tedFiESi&FGRAAMAAEre the number of glass substrates judged to be

cefectve 3,21l g5k Al AEOR b s Bisotie yepors

have made a detailed examination an ave fou en the end
portion $b@pg]is measured at a plurality of

(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 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 completed the first mode of this invention described before.

[0058]

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
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
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
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5 positions in the circumferential direction, the position and magnitude of
an extreme portion 15 differ depending on the position. It has been found
that, for that reason, even in the case of a lot having passed an
inspection, when a glass substrate is actually formed into a magnetic disk
and incorporated into a magnetic disk (?évice, there is a case where the
desired performance cannot be 10 exhibited. On the other hand, it has
been found that when a glass substrate in which the magnitude of an
gligR trstds st 5 formed at the periphery of a main surface of the glass
substrar:@ inQther words, the maximum value of ski jump (rising) formed
at an end portion of the main surface, is approximately the same in the

circumfareviéay dirgsorhis foveradinitaadnagnets diskirrrdranipRIiacnd
15 into a magnetic disk device, no head crash occurs. [0060] Therefore,

heusseunddbmbadiethineftird porion shapmiemerRUrRd aifadliy abithet

over the entjre circumference of the glass, substrate 10 and, further, the
St 1.6 O e RS Rt VAR DG AP AAULAGS S
E&-efREpBRIBAN é%lﬁ@@@%&ﬂﬂf@%ﬁﬁ@’d&%m OVERfERRH found that, for
circumference of the glass substrate 10. In other words, the main surface

thht ot glansesubdinateds® d g lwethanengtpalsediahendpectieredvaer,a glass
the offset portion 14 raised or lowered with respect to the main surface

siestaiadn IRt PENRLinQ AsRaGTEHe GslsaadirferRomISg R 2
B e e P A ot e

behitvesl of @marsitapBHingnanataskfoedr fowarifasturingrizegagenglisstrate in
disk substrate according to this embodiment. [0062] A magnetic disk

wiligfirthe Hagaiuce Rrea extiegtereition flotesed attsirakiphssy of a main
S63508% IR Gra2d BRR REHBHIET AL TAE RIRSIG G value of ski jump
(rising) formed at an end portion of the main surface, 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.

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

[0061]

Next, a description will be given of a manufacturing method for
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5 substrate according to this embodiment having the extreme portion 15
being the vertex of the offset portion (raised portion or lowered portion) 14
at the 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 pr%%ess) becomes important.
Whether the raised portion is formed at 10 the peripheral portion of the
main surface or whether the lowered portion lowered with respect to the

MR ASKE RIS BRENFHE Shslh RERSIERIBACOT RO AeiRiS Grizieedinash

mostly Cﬁ&%glained by the polishing conditions of the final polishing
process. In following description, the conditions for forming the raised

portion wilr2g)Aeserthsi sibdRafBisTieanatubtabbaitdueiharisisedrocesses

portion has been much more reduced following improvement in storage

iaisity wilbbasiessribetblataiatidtaieinenaeuiacipenadoaitnagnabecdisk
depend on the polishing conditions of the final polishi rocess. 2 .
BT OO DR TR AV e Eer Al BTG roLadeing the
fHRek 16rBReATBORIBIAG AEEESEHIEH BPIBRRrEH IR e b the
particularly the processing rate (processing speed) and the processing

pezgsembffediaherhth0656H 2h Hereiabealmvo aimeselypiensaitdeigtaace from
of the final polishing process that polishes main surfaces of a glass

G sratenitiegisncippiiaie. RREIGIRLNAJHRA A KRN RGeeRfessRsond
%@Ms‘ﬁﬁ\ t%?o%’é%'s@%é}i%@ﬁﬁﬁéﬁ&ﬁﬁ bwg%{ﬁ'gﬁﬁé' %Et%%giﬁm f‘:??ormed at

anetary'gear type polishing machine. For 23 example, al polishing

Pregrspmenbsorpplied thdheglassriahsbaionsing meinglewalpoiipa

polishing machine. [0066] In the final polishing process, the glass
rRiestavithpeised t9ythe flat surface is formed at the peripheral portion of the

main surface is also mostly determined by the polishing conditions of the final
polishing process. In the following description, the conditions for forming the
raised portion will be described.

[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.

[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]

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
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5 relatively moving polishing pads and the glass substrate while pressing
the polishing pads onto both main surfaces of the glass substrate. In this
event, the machining amount per unit time is the processing rate and the
pressure pressing the glass substrate is the processing pressure. [0067]
10 For manufacturing the magnetic diskubstrate according to this
embodiment, it is preferable that the processing rate be set in a range of
0.20m/min to 0.45m/min and the processing pressure be set in a range of

SOPRIR eding! PRESHiRGrRIorsHH eynbRiBRRlieel o rif1glagssHAfrate using
' > pot limitative, but in th f, f le,
e TR B0 c o et the hardnese of e

polishingopads to 85 (Asker C hardness) and the grain size of abrasives
to 1.0(m). If polishing not satisfying the above-mentioned conditions is

carried dath@diralpalishesbiityetsacihie giarmssfasisaiadspertishashbpe

br f the gl bstrate. [Q068], 20 F facturing th
B Bl STR EBHR ) - oo RRLAIS G I Gt the
B fig RIS BING B yRsinade P dBs Brepesing RISttt (Mithis event,

processing pressure) intended for the polishing processing, the substrate
tee poishedrey arpooce $sn g pitdgver e (g prdeassingsstand therpiessure
main processing pressure in the final polishing process. Particularly, it is
PECBREIErHINOtASS PIPSHRRIIR DR BERARESHIE RIRSRUGNY processing
pressurtcjgé time about half the polishing time of polishing the substrate
at the main processing pressure. This makes it possible to reduce

variatiorFiy engnp@sdanishane ndbecticoirkasepsrbeiraciondiag tHaas]
For manufacturing the magnetic disk substrate according to this

embodiment, it is preferable thadibarrrragirdicalrlglsekiBubEarge by,
@}g&ﬁﬁ%‘fﬂ’}% B B AR R TP O R BRI SR e of
8.0Pato 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
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]

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
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.
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5 being chemically strengthened, polishing main surfaces of the substrate.
When the chemical strengthening treatment (ion-exchange treatment) is
applied, there is a case where the end portion shape becomes rougher
than that after the polishing. Thus, in terms of reducing variation in end
portion shape in the circumferential dir%%tion, by applying the polishing
treatment after applying the 10 chemical strengthening treatment, it is
possible to produce, at high yield, magnetic disk glass substrates with
reduced%galion in end portion shape in the circumferential direction.

The g'a%iqrf%l?éﬁﬁ‘fﬁ ?Hr*?#{g‘if{ﬁg Fﬂi}é@%ﬂé‘i&{sﬁ% e '&9@ ﬁt%%ﬁs

after the chemical s%reng ening mentis a glass substrate having an

smtphanged layrerirableast sorar afilRyAuhsitMr dsydapesarcby, after
faces, wherein the thickness of the ion-exchanged layer is greater at the

apelying & ehenictisiiengtbenngyc@oT)t The glass substrate capable of
ubjected ta the main surface polishing treatment after the chemical

el eemiliealioaheard prlEDIMITRIL s s R ate

PHERNRESAEIRR MR HEIRERM P REIAHIRHY (16-SKbsHALR FUHBRENY is applied,

roughness required for the recent perpendicular magnetic recording

Bystens hasabeemhamnificaetiy gecieasshgpedreconvestionghdntbatethtat after

satisfy  this requirement, it is preferable that the glass substrate be

HRRUEARS the! MHsinsIRIRE YoRMGE G SAHERNIRSAPEHIRiSERPe in the

CHETRTEIAPCIEN: By SRR M ER AR R i HBting the
aohiidAi(etestigih snier seen/eit Nresasabbibd 1oproauirsatdiglgighd,

For manufacturing the magnetic disk substrate according to this

Brpooaiiecitkoirgs seivstraieg it Riideathviasiation prageehpp gsdr sigee in
RIS ENRS NELiSh o ThE Jest Sk ReR i 18 ARsR
surface polishing treatment after the chemical strengthening treatment is a
glass substrate having an ion-exchanged layer at at least a part of the substrate
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
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.

[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.
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5 carrier and the orbital rotation speed of the carrier orbiting in the
machine also becomes important. [0073] In the planetary gear type, a
plurality of glass substrates are held in the carrier. Then, polishing pads
are pressed onto upper and lower surfaces of the 10 glass substrates held
in the carrier. Then, in this state, the glgés substrates 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 B9dhus are averaged, but have no relationship at all with the

Circ“mfeif(‘?g%rﬂ’ﬂi%%‘fﬁ?ﬂn 1he mﬁgﬁﬁ%‘r’é’ﬁﬁ@%ﬂﬁ%qa‘éig %ﬁgghﬁaﬁt@ﬁ‘ﬁw@@

15 forme e outer pertipheral portion of eac has

¥aissemiht adiRdipperiomangd finrgpisidring ResHiPaADIanBeary gear type
circumferential direction. [0074] In order to reduce this variation in the
entshiterararhioretiinciaipnieiekeivassterenrisanisiaiaianspeed of a

G S bR SRR ao

Séegﬁ;gggr{mér@ﬂge, the shape of ski jump (raised portion) formed at the
periphery of each glass substrate is often disturbed in the circumferential
directiofO{XB]5] 25 Then, if the magnitude (height) of the offset varies in

the circumferential direction when seeing the %Iass substrate in a

directiodhEIp SHRMGIRY t9aRE RGIARIHERIEYOPHEAGR S RBihIRRAre diRifkin the

o R P B0 PR E e B BB N GRET Elfhces of the
feessdinpdieadPrerMesHansiahls. If heerecantirsstheadragnseinstiaces

change in magnitude of the offset, a head crash occurs. [0076] To explain

#iR pekirhan when hecmiitRh @ iiigavhds pvatingayietxis. Thatis, 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
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
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]

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,
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5 disk, even if changes in magnitude of 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 preferabl«g@node when the head flies at high
speed. 10 [0077] On the other hand, by setting the magnitude of the offset
of the offset portion 14 to be approximately uniform over the entire

%96[]?ﬁfﬁ‘r@rﬁwﬁﬂfh@egﬁg@@ﬂ&t*ﬂ&@dm%ﬂ?éﬂﬁonéfdtgﬁﬂ%ﬁwg”9
f¥&d géﬁﬁ&kﬁdﬁmtﬂérn?ﬁé?f '?rPFﬁ@ﬁ@u%l%'?P%Soﬁbee{e&%%?&ﬁéﬂ occurs.

constantly passes over geo € extreme portion rng
scanningptzigconsidered 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 theexplaigdnis Heldgtads weesudseatsdingheamfties over a magnetic

ircumferential direction that is important. [0078] 20 Therefore, accqrdin
R e o e S e g U
Q& LRSI thseCicanipig MRl AEsRtBNGAN thisis teidRRiRMe iBere is a
flatness particularly at the outer peripheral portion of the magnetic disk
BupetcdieeTtieaafpeen despite sherskiiginingistaraée of cpbsemsh textight That s,
&cgture of the magnetic head is prevented from being disturbed and, 25

mAqRetiasipeaubALiels arsding iR i emPasERen wARRLIBHIR ¥
P&?ﬁrﬁ%’i’@%&@ We’ﬁ‘?ﬁé‘ﬁ%%&'ﬁﬁé%q _H?@{%%%F'C head. This makes it

ossible to significantly enhance the reliability'when the magnetic disk is
incorpor@ga7nto a magnetic disk device. Further, also with respect to 27
passage of a magnetic head in the load/unload type, since there is no

posgibili@n i3 meqii@nngogmﬁ@ﬁﬂt@éhﬂé@ﬂ@ﬂﬂu%afjmﬁﬁmé@f the offset
R O T L G
Hressdingdiead aaniaibonasadhiRd eucture, even if the ski jump or roll-off
is present, as long as the recording head constantly passes over the ridge of
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]

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,
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
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5 end portion of the magnetic disk, which is quite preferable. [0079] 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, 10
contact between the magnetic disk ancfthe magnetic head can be more
prevented by setting the magnitude of the offset to be approximately
uniform in the circumferential direction. [0080] Herein, "approximately

Bﬁﬁ%@ﬁ’\eit‘?ftﬁer%ﬁ’@[]ﬁ“.%mli@iué%tk%ﬁd/igrl‘@grté(ﬁaﬁp@ bﬁf%ﬁ no possibility
MP{H@@WFO%‘@@'ngﬁ'éd%%%ﬁgﬁgm @?&ﬂ}gea-rﬁ%mﬁhf 81'18 outer
account the clrcularity being I the above-mentioned range and the size

pEtihEraPpdindhedd witigiesiReaidk dhetttisinathalgetieliesad (Bidught into

Specifically, for example, when measuring the offset portion 14 of the 20

crdaumiiie anagnedin@igertBe raeplnaheddreatAtiabbepans theough the
change..in magnitude of the offset can be 5nm or less. With the change in
G F U B R S SH e S B R R iEre reliably

[0082] lﬁg@ r, the extreme portion 15 where rising or lowering is

maximum in 25 the offset portion 14 is preferably located at
approxirtasgby dfer alalsn hdistian cedgmituithe akifie odktidglapp substedady

This is because even if the magnitude of the offset is g(fproximately

URIFBFR B kteis @A aRtgRiRAIN RHAGERVHRAIA ARSHIRNdistaRiase @
B SR RSO O M U EBffentegecton
chntiaribealeciriie nagadihydr& fxd emeenpagiiefic.hedaesaiib®gnore
lowering is maximum in the offset portion 14

prevented by setting the magnitude of the offset to be approximately uniform in
the circumferential direction.

[0080]

Herein, "approximately uniform in the circumferential direction” is
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
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
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
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5 is preferably 600m or less. If 400m or less, it is more preferable. Further,
ideally, it is preferably 200m or less. If the circularity decreases (value
increases), even if the magnitude of the offset of the extreme portion 15 is
uniform, the magnitude of the offset cannot be approximately uniform as
seenin the circumferential direction. IrfBther words, when seeing a
section at a 10 predetermined radial position (position where the offset
ortion 14 exists) from the center of the glass substrate, if the glass
sirawniereniiabdifieeiRlgnitude of the extreme portion 15 of the offset
portionn}g%@sa% the height of the raised portion) changes. That is, if the
recordi ead cannot follow a change in magnitude of the offset portion

14 whileghangicay, ihesadalarsuniads amialcle pesition: a biegld esasied by the

occurs. By setting the circularity to be within the above-mentioned range,
exiiRIner poTdonath itiF & fiied s we g iSrnaxirewntial iecefiset eattion 14

be made imately unifor ith respect to the size of the recordi

RaaR 500 OO e e b ALLHTHy BERvbdn B e R/ Aa T rtner,
femes indhs srnig, Fabaalareudstiris apAdbR G IpERsS N e
extreme portion 15 where ' rising or lowering is maximum in the offset
poreasds) e peafdriimymi2ftitode dédse 690w ihelesé;atme panteon 15 is
preferable. Further, ideally, it is preferably 800m or less. If the .
HBH%HtrTEi?yrH%QFE%i@ngHTGé)f beapspihe ARPIRIMAIRAGHRIRE Afhasen in

B SR AET BRI 15 SHNIB SRRt YR Alseh o

cannot be approximately uniform as seen in the circu rentl Irection.

Predetingifsdaeianioeitiol (o sibihe @bercotsstioned rarngexists) from
however, the magnitude of the offset in the circumferential direction can

the 2eniesdd Hispedxas atddpiiaieoningtalassprdpst ate isizetatatiethe magnitude
AT L S AR D IR e
PREBRTIeKiPIE8ViIceRAaRIHARR 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 magnitude of the offset in the
circumferential direction can be made approximately uniform with respect to the
size of the recording head.

[0084]

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. 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 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
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5 rotate it at a rotational speed of 5400rpm or more. There is, of course,
no problem even if it is mounted in a magnetic disk device adapted to
rotate it at a rotational speed of 5400rpm or more, but particularly in the
case of a high-rotational-speed magnetic disk device, the effect of using
the magnetic disk substrate according%g this embodiment remarkably
appears as compared with 10 that of using a magnetic disk substrate of
other than this invention. [0086] The ma?netic disk substrate according to
MRJeARBEREIR IR HETEPARI VIR dasRe sl dtiestiBst Rl & reEdri At -
a magn?ﬁgjﬁk 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/sep@hingrtioefHK slibetrasyaete distyuhpinterarearding 19 thiferably
embodiment is preferably used for a magnetic disk with a touch-down

neqshasTHRes Subsiraiedp lbeynpuhtcdiltia-araaneksotists dewice edapied to
tends to qQccur when the chan f 20 offset formed.on the glass

Be et Hg 00 L AR ik sk Bhiboratd Spufe: o
BrEBRAIMESn e FAnsIs R fapi postionih 6RYIBE JHHBRITRSINSRAG it at a
than conventional and, thus, even if the flying height of a magnetic head
(otabodiaigshead)as 54000enh, drispossile panicaariy tnethe agsetinf laead

from being crashed. 25 [0088] The magnetic disk substrate according to

RighapisdanakapRSs Slaenmic dish Asvictdpaafesiss naingyasagnetic disk

SR el R TR AR omonroa i
thatfiingingighhabasecaidinglirachneetistimbentiiels kedimgsh but

since the flying height of the recording head can be further reduced by
the use [GB@]lmagnetic disk substrate of this embodiment, a crash can

r i hat the magnetic disk rate.
be p evwg%atglﬁe Fce |Js S%&%?t?%{té g&t:o? ma oe’[tflwtfsdésmkic'cl>J %earg?ls preferably

used as a 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
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
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.

[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
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5 according to this invention can also be suitably applied to a glass
substrate for use in a magnetic disk having a recording density smaller
than the above or to a magnetic disk substrate for manufacturing a
magnetic disk with a touch-down height greater than the above. [0089]
10 The magnetic disk substrate accordig to this embodiment is a
disk-shaped magnetic disk substrate having a flat main surface, an end
face, and a chamfered face interposed between the main surface and the

arptding denetinha by ncprisil pbRiccerding hard rrdsiaRaduiies
Pe{ﬂ[légﬂ, E'Sfﬁc@@%dfmg% g)ﬁ?%ﬂﬁ@?é‘é’d?afﬁ‘@ftﬁe%ﬂ%tg%“ 8SGrther
excluding the periphera portron, of the main surface and wherein, Iin

Rlanosevhplitleeuda ol shEaregridhe drRsuBLRSIAS, tiie ExaRstinABIANa crash

surrounds the main surface and the raised portion may surround the main
saffscpigyeatesppriviinmaenassiforsavdioni thp osagnetitadiskankstiate

[ f f the gl b . the maxi 20 point of ff
AeRia A pAT LG G et np oW pton i deSheiRStase for

9&%@!?%?&%57%6&8@1%9(4%%5'F’éf:ﬁ&?@@éﬁé‘i &P HRIthdNRBASDr to a

substrate as a reference. [0091] In plan view of the main surface of the
lagssiib slisk s uds textecioremzih padion rid ahlagmnaisedipkmidh aitoulenhdown
surrounds the main surface and the circularity of a circle formed by the
briehteraaieninas 5¢ak8Mbly 600m or less. [0092] 31 The glass
substratr?a a circular hole at its central portion and, in plan view of the
main surface of the glass substrate, an extreme portion 15 of the raised

portion qiresilady setiodssiliissraie sockreingne thiseanpeairitdt is a
between a circle formed by the extreme portion 15 and a circle formed by
¢hgk-shaped magnetic disk substrate having a flat main surface, an end face,
and a chamfered face interposed between the main surface and the end face,
wherein, at a peripheral portion of the main surface, there exists a raised portion
raised in a direction perpendicular to a flat surface, excluding the peripheral
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
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
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.

[0092]
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5 circular hole at the central portion is preferably 1200m or less. [0093]
The magnetic disk substrate according to this embodiment is a
disk-shaped glass substrate having a flat main surface, an end face, and a
chamfered face interposed between the main surface and the end face,
wherein, 10 in plan view of the main supfhce 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 PHASPAHRAEHRAMAS ARV RBDYE abish@mtEeiparirarand: in plan

e S SR R ER e e Boriom 15 0 he
aasetgierins @bRcmeDL itis tRsafeirbia iablrntidhwabeaRmpe

chemically strengthened and it is more preferable that all the surfaces of
BeiveeR et ¢e trrereddlly thecdtraraortiostibrancrassislthiormembldhe

SUFHE TP R LR R0 TRL R LR B RS2k R OB hETgFete cicke

substratg)soipcorporated into a magnetic disk device adapted to rotate at
high-speed rotation (e.g. 10000rpm) or into a magnetic disk device for
use in aThebiagpplicatisk stitestrapacicesidiagde ikiscguibed foetiidgtass
substrate and thus it is preferable that the compressive stress layer be

?’é?hﬁéfi%ﬁ?_@rglﬁ%ssw é%f%i’fl%'@&é'%hﬁ‘ﬁ%@!f%%irﬂﬁr%‘éﬁéﬁﬁcéﬁd a
gH&H%*Psﬁ'F},QiéSiﬁtéF%BEBS%JRD@éWﬂ%%BHﬁ%ﬁr%%%%ﬁ&)ﬁ%r [ﬁ}?%ace, wherein,
€g a gt

ringing t ass substrate Into contact with a chemical stren ening

ingeEnent®obiting Aeiiliinace ohemeiehhsyenptritgSaivisrdaasemion
exchange part of ions contained in the 32 glass substrate for ions in the

sveeneshnitheiasipeelite theatmaéhsudiatie isHiavigesroeieeadive maiatsyrface
%%‘tﬁ%aéﬁéﬁﬁ‘ eggg?gééoanr?d R%%ggép(tw%ﬁg'ﬂ%i?oevigﬁd portion from the main
surface may be approximately uniform at positions spaced from the center of
the glass substrate by a predetermined distance.

[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
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
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
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5 Then, by forming a magnetic film on the above-mentioned magnetic
disk substrate, it is possible to manufacture a magnetic disk according to
this embodiment. Since the magnetic film is formed on the magnetic disk
substrate, the shape of a main surface of the magnetic disk is largely
affected by the glass substrate. That i§,an order to improve the shape of
the main surface of the 10 magnetic disk, it is necessary to improve the
shape of the main surface of the glass substrate. Therefore, using the

9:'\%%?1@%19%}@%%’3@8@Biﬁ&o@éﬁ%i@@%&@ﬂﬂ%ﬁ@%ﬁé@ﬂ@i@n having
SRR e RAU S IRk o g Rartger in shape of a

periphera € main surface. Since a magnetic disk
manufagggyr) method is known, a description thereof is omitted 15
herein. [0096] The magnetic disk according to this embodiment may be a
magnetidMagnraticdeiskdunted in a magnetic disk device of the load/unload

type in which agnetic head is loaded and,unlgaded with respect to the.

i sultIEB o VS o DRI A LR CEHE TR SR
BRI BRI TIRTSOh HRSIKARS iPIabRHALELIR G a B AGRR IS AR B 8his
suitable for the load/unload type. [0097] The magnetic disk according to
émedibutimer@ineeythe enagptititiing Ssdiskriedenmtbentezbimeticrdigh stibstrate,
disk device adapted to rotate it at a rotational speed of at least 5400rpm or

ihgrehaRRtAbR halhkiaaraliesmpraneHcdakingianly atrdediay fimolass
BT PR ey R Rl e e
highnBiRyeiskna Rosstikaef tonigsidvelweesHaparAgnetindliskuaizdd of the
magnetic head even in the case of high-speed rotation and thus the
efisd HuPRIAigh. [Obesgfore, using the magnetic disk substrate disclosed in this
embodiment, it is possible to manufacture the magnetic disk improved
particularly in shape of a peripheral portion of the main surface. Since a
magnetic disk manufacturing method is known, a description thereof is omitted
herein.

[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
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
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 peripheral portion of the glass



5 The magnetic disk according to this embodiment may be a
contact-sliding type recording medium (contact-recording type recording
medium). In the case of the contact-sliding type recording medium, a
recording head reads and writes in a state where it is in sliding contact
with a magnetic disk and, therefore, b)ﬁi?fnproving the flatness, in the
circumferential 10 direction, of particularly the outer peripheral portion of
the magnetic disk substrate as described above, it is possible to prevent

RuRBiRIRNCR dbRIRGS ReRpsailibaleona6t BB RS MpRoMEgRStic disk
S BB Koo e SR8 B harEsa e el b e

eliskbititg ROosjhle to form a magnetic disk device (hard disk drive). The
magnetic disk device mounted with the above-mentioned magnetic disk
substrat®®9Barticularly suitable when recording/reproducing information

particul at high-speed 20 rotation. [010Q0] Although the description is
being or EF FAPERTE G RCGLe SR e PR B Fadneti
st Sl RO TEELRANNAA iFrAlE8 RIEPd IR BASE 1R hing
inner peripheral end face in the manner as described above. It 25 is
messtiless toleahehed senadxtre rnenpactiatidibgypeerasonglimgt necofiset, a
portion 14 is maximum is preferably located at approximately the same

ESRIFRIRAARACSREFIN R YRS SalR AR oD SN aasiast with a
§43§38{FLQ#R’HHSCEH%%&BM?%5}%H@)Pc}w\%%@n%sféﬂ?éé@tﬁ? til’[é tg\ cumferential
oregoing description, the description haseen given of the configuration

thrattioh toe séate whthetrstiatefperiphe @issrivhsifatesisnayasirietsky
measuring dub-off, ski jump, or the like at a plurality of different
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.

[0099]

(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
rotation.

[0100]

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. It
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]
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5 positions on the glass substrate. However, the measurement of the
dub-off, ski jump, or the like takes a long time and, currently, about five
minutes are required for one position. Thus, if measuring 12 points as in
the above-mentioned embodiment, one hour is required for one
substrate. Since glass substrates shouid be mass-produced at low cost, it
is preferable to omit 10 useless measurement as much as possible.
[0102] In view of this, when actually manufacturing a magqnetic diskﬁlass

substratdVgihedioh Mesmreiq: Marliaciienidyadnaicsklisi Glass Rubstrate)

b - '
e S e R e
SoaRddeseictivim RVBMICthMREecSorTitcalr e sTieasyfeMmPat KRS is

measuring the magnitude of offset may be divided into a position

avedsaiesranmrasess @ Okl s jurppsriothenieralot phuraidngiatifferent
lowering) is maximum and a value measurement process of measuri

A SmER e AIRTaC trorelR: |« HMRGhas easHEsmRi i Bty adbo-of,
SERRHIS BRI PIREEEKES PIoRAMREaAdEATHIITEAS SiEHMRIMIDRS are
resolution lower than that of the value measurement process and
retoreasfar oreapositioant gihcidyitimekasarinigld 2gmyjatd rashis esition
measurement process, although the resolution is low, the magnitude of

AROUAIBEEHANRY RIBRCGHIL Wit ARR MR ISV HERRHEY). oo PRI alfherSince
19 2a0BLHAR'dNG A3 0L ?ﬁé&l@gg@ﬁg&%@ﬁ%&&@ﬂﬁg&r ﬁ@%‘ﬁ% 46'3mit

IS not necessary to carry out a measuremen rate.

Qrlbssaifeiirsmenier hecmagpbgdton the offset falls within a range

combining the range of good products and an error range of the position
measuré@a process, 12 points 35 may be measured in the value

measurement process as in the ahove-meptigned embodiment. [010

Speciioly SHL oG LR LA APGLE CHer ) Gehe a el
substrate, variation of offset (rising or lowering) on the substrate surface may be
measured only when the maximum value of the offset on the substrate surface
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. It is considered that the position
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
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
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5 substrate using, for example, OptiFlat (manufactured by Phase Shift
Technology, Inc.) as a low-resolution optical interference surface shape
measuring apparatus and is capable of specifying a position where the
magnitude of offset 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

Wieﬁrﬁtﬁﬁ%@i%g@?é@%,rﬁ‘?@%@éﬁﬁ@"t@@ﬁ%ﬂ@%ﬁdﬂﬁently
ggg{;ees%rgﬁﬁg,%gngﬁ%g{%%%s to reduce the time required for the 15

INspection process. urther, it may alternatively be configured that,

after grgepipg)the position where the magnitude of the offset of the glass
substrate is maximum in the position measurement process, the
magnitudpesiitigaltyifiee ipapitigsumspsoreneat Efaceesianhirals sgapaly glass

the single paint, n the valu rement process. [01 Theq, |

RS PR<0 R B g AR Gad et sl feohnoloay.
BROPAY ARSI SINRRSING SHEAMARSHERSHBR D RGN 8 2

offset with a predetermined value. When using dub-off as an offset value,
tppaftses\aiddsscapabieolepx gtdfeyabpogitivmwless Hrelmageitude of offset
preferably 5nm or less. The offset value measurement range can be set

1o BFAHDED 9PN (PY LIS RBIMEMS BERIBF B (A8 aBY R tBS dsiRRT
S AR, S RS A e cam
eomipheyRegeatniateblbtosWisitalanteisarehbecrssaty khapE®aguring
measurement at a plurality of

apparatus.

[0104]

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



10

15

20

25

5 positions. This makes it possible to make a quick judgment and thus to
achieve a reduction in time of the inspection process. [0108] It has been
described that the substrate according to this invention is a glass
(amorphous glass or glass ceramic (crystallized glass) can be used; as a
10 material of a plate-like glass, alumir%@ilicate glass, sodalime glass,
borosilicate glass, or the like). However, since this invention relates to the
shape of a magnetic disk substrate, this invention is not limited to a

fRaeHg eptHer pidhRalatisiasbaiale anandoeriPBd Ry ashied 00%-

for exarE@J@ﬁven to a substrate made of aluminum or a material other
than it. As described above, 15 however, a glass substrate excellent in

substratasdgasadEIngss/anBsuisdaiangtsngihasaegaamsbvshtas
aluminum substrate is preferable particularly for a mobile device. [0109]

Juestrigndtis ocknagsssaly Leaadaige iasveaent @handigiadtic 000
disk substrate having a generally flat majn surface, .an end face, and a
RARITRARG 1hEIS PG DARRAGHE FOAREoR AU e Bh AN A dsp
e £o0fideien seribak MehirpetnbrHrebdag main surface, there
is provided an offset portion 14 raised or lowered with respect to a flat

surface [0108] than the periphery, of the main surface, the offset portion
14 is continuously formed in 25 the circumferential direction of the main

surface,'bﬁﬁ%l’i’é%‘a‘%ﬁﬁ%@%iﬁ}ﬁt W%W@@EWQU& s this dtgation is a
gﬁ@??a%o'@]ﬁoqjéegfé%% B?@%QQ'EHEMR: Egn%@z?iﬁ'lﬁgﬂrﬁﬁgs')zc%n be used: as a

pproximately uniform ove € entire circumterence o ubstrate.

(PAD]al b o HssiepikEQIabs nayntiadelimetbaliHie csbeaherniiersobdiesilicate
inner periphery of a main surface of a disk-shaped magnetic disk formed
glrEsafritrelikele iffwesatesBCm DI YEMiOD slatemiorthranapalnsa

invenﬁ?
magneti

C'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,
however, a glass substrate excellent in substrate surface flathess 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
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
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.
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5 when the offset portion 14 is formed at each of the inner periphery and
the outer periphery, at least one of the offset portions 14 may have the
above-mentioned shape, but it is preferable that particularly the outer
periphery where the linear velocity of a recording head is high have the
above-mentioned shape. [0111] 10 By%anufacturing a magnetic disk
using the magnetic disk substrate of this embodiment, there can be
provided the magnetic disk with small variation in touch-down height
(TDH) inQhthdial direction of the substrate. By reducing variation in end

portioneslmago ffgeq?ﬁzggg:ﬁs“c gifes%i*ﬁ?é’oa&ﬁf\% gd?ep%%iiﬂ%{g or th? inner

improv ying a magnetic head néa rmos

perpgitnheyohihe diskade bt disie shapeetie sigtesuhsbiate asearding 40

this embodiment is preferably used as a substrate of a magnetic disk

i@yt eoindte Fentay namiayp@ o meashal ikesh. oh hentaséndhissinganton,

DFH head, the distance hetween the 20 surface of the magnetic disk and

OO BB R LB UPthb e A oh AN TG pERkIRAY 2nd The outer
BEMBRR], 1t 188 SPBABS IS RMSISHR AL this nea i gy 488 isighabned
undulation can be set to 20m or less and further to 12m or less. The
shdpeehouig s pesferfdbie trahcartiackdy the subbstiasziphanbeisetadhe linear
0.15nm or less and further to 0.12nm or less. Thus, when the 25
vRIesEnE iR GG ead Hdiuharsd e akavadrantiagpe®bans, it is
possibl Qqﬂjfther reduce a crash of a DFH head. [0113] (Example) 38
Hereinbelow, a description will be given of an Example about methods of

manufa@yringriufasaneiis lislagHbat alielandingmag nedigribsls tskhigbdtriste of
invention is applied. These magnetic disk substrate and magnetic disk are
isremkedisteas therggeritidaipkaviaecythepmrartetinidist yiipemalcvagation in
%uch-down height (TDH) in the radial 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
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. In the case of using the DFH head, the distance between the
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
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)
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5 3.5-inch disk (489mm), a 2.5-inch disk (465mm), a 0.8-inch disk
(421.6mm), a 1.0-inch disk (427.4mm), or a 1.8-inch magnetic disk
(448mm). [0114] (1) Shaping Process and First Lapping Process In the
magnetic disk substrate manufacturing method according to this 10
Example, first, lapping (grinding) is app%@d to surfaces of a plate-like glass
to obtain a glass base member, then this glass base member is cut,

thereby cutti_n%out a glass disk. As the plate-lik?aglass, one of various
plate-likE'&jRIsBeLoM AistedcdRtiamWipardikeyRisacBxaseple about methods

ﬁ?ﬂ&ﬁﬁ%@ﬁg@%ﬁﬁ%’é‘ﬁ e %Yscf %QBanga a@!f&agw g RGR AR this

pressing m metho owndraw method, a redrawing

meshadnds abisien. MFthesk weim &t alns ARt andatednkeftsigare

them, if the pressing method is used, the plate-like glass can be

manufactured as lavnageetinsdisharyinbprapredgternagribane giebsas a

. f hqus,. I ami lJized
AR Y S Seh A KRS A B AR 22 m). o
flymieaskisrigoiasmhmseraling Hessmabnssiisaig slassngr the like.
Particularly as the amorphous glass, the aluminosilicate glass can be

preferaly11#jed in terms of capability of being chemically strengthened
and capability of providing a magnetic disk substrate excellent in main

surface fibl HiPEaeReR AN ERRjthaPBiftsl TEP$R3Ris Example, a

it sl e int : o .
oressind R HTREASR Ui P R It TR ek BRling to is
BRafipieUsrslalgdiieplgandiiie appnewaisaitoisst agslarasikeagiasy to

39 a glass for chemical strengthening which contains, as main

ebiapoaaiasshase egmbes\ i) Kis g sstbaEmmemMagoisTd, 1oaehy
O e S N R
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,
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
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.

[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
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5 thereby obtaining a disk-shaped glass base member. The lapping was
carried out using a double-side lapping machine employing a planetary
gear mechanism with the use of alumina-based free abrasive grains.
Specifically, the lapping was carried out by pressing lapping surface
plates onto both surfaces of the plate-r'ﬁ?e glass from the upper and lower
sides, supplying a 10 grinding liquid containing the free abrasive grains
onto the main surfaces of the plate-like glass, and relatively moving the

BlglasfopRaTIAA! hiEedtaeR RhWICt) GAHRIBIES BIARIS MRpAENtS, SiO2:

btaingd.t base. I ing lat pai .
S A S PR e a s, e B
the glasphasp member was cut using a diamond cutter, thereby cutting

out a disk-shaped glass substrate from the glass base member. Then,
using a EygtdrizapiamEsedmlieshimbethslieinadrfeate okihe ciaterdike glass,

B o R R S W g comeo
§0EUEFR ANdoribRURIRSPRIRY fh S ARG MSIBd HHamaaH SHRpgAes,
thereby carrying out predetermined chamfering (forming, chamfering).

foadiBan(3reitbridd appinfdnotesstizs ddéresebmsivegpaigsvasSpppliezilly,
to both main surfaces of the obtained glass substrate in the same manner

HeiRRRINGW AR S BIPSSUDIARRR SaCsRIFEPH P RAUESS,
QHFFAU&Q&&E‘{@%G& %ﬂﬁg@ gfbg}efmﬁirlh%%%)?&%iﬁ&h‘&v&éﬁ@?@é@%ﬁ@?ﬁﬁ@ a

or an en rocess as a ecedaing process can

seimeveditiuagivanesingwytied frbecomasveogaiiie thieampleigim surfaces of the
subsequent main surface polishing process in a short time. [0119] (4) End
Plate-slighusg, @ sskatively moving the plate-like glass and the surface plates

to each other. By this lapping, there was obtained the glass base member
having the flat main surfaces.

[0117]

(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).
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

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
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5 Then, the outer and inner peripheral end faces of the glass substrate
were mirror-polished by a brush polishing method. In this event, as
polishing abrasive grains, use was made of a slurry (free abrasive grains)
containing cerium oxide abrasive grains, [0120] 10 Then, the glass
substrate having been subjected to the’®hd 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

praverlisreERsiesforAst RBARIPARE PLasaiRe (B2 3AR! 15H@§amgs Possible to
§6‘rﬁ§fi§é° 'ﬁﬂﬁgfdﬁr‘rﬁ%ﬁ%@ (‘;éé@iﬁ’%ﬂﬁﬂ%ﬁﬁ%%%&"&siﬂréts‘f?cfﬁ‘.’tﬁn%‘?.t as

main surface polis st polishing process mainly aims
to remoy@1aigicks or strains remaining on the main surfaces during the
above-mentioned lapping processes. In this first polishing process, the

main sutfadesdveaes biiskingsitigeess double-side polishing machine
having a_planetary gear mechanism with the use  of a hard resin polisher.
Corium 5300 J0PRE T8 eLRBELE £ KL ARl OO 2 zte
W8S RHBSHBEN SIRVNGPE BRI RAISRIY e sy POlsHIg BVeRESSs PR lishing
was immersed in respéctive cleaning baths of neutral detergent, pure
alztes|vengr #iFs (isspropyl maod ) andumysdras ebbesoleagraths)aiR8hining
Then, a second polishing process was carried out as a main surface 41

BRNI ARSI ARIESMAIERIFSNd polishing process aims to finish the main

surfacejdq)z'b?irror surface state. In this second polishing process, the
main surfaces were mirror-polished using a double-side polishing

machineThaving @ ghekaiansBeRs RRehgHsshwitbjiedistoaha 8ol rases

foam polisher. As a

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]

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

[0123]

Then, a second polishing process was carried out as a main surface
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5 polishing liquid, use was made of cerium oxide abrasive grains finer
than the cerium oxide abrasive grains used in the first polishing process.
[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 (isopropy! alcoﬁdl) 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

B@@%@f%ﬁ@%viﬂ_@iﬁgm Qjekieg %%%Sétﬁi%_iﬁ%ﬂﬂ@ﬁéﬂe main
@%@8&&9%%?@%?9&%%32{%% pr‘?ﬁ‘?ﬁfsegeg&id%&ﬁ@lﬁﬂhs Foces e ¥ main
ut by S | e

was carried o preparing a chemical strengthening sofution 0t

Suitaoé @ uirdUTE b et PIsMUYINgte B0 Jndespdlidhmitratedidhaving a
heating this chemical strengthening solution to 400C and preheating the
planatany@ery supstranisd 300Chanearhearshiyesindoans pelshiial As a

B s i OB AR s it
881Gkl %FQ&RV@QDPafﬁQE‘L?séHqF?f%éefﬁépﬂﬁﬂsl}hiﬁgﬁ%%éé%faces of
the glass substrates to be chemically strengthened. [0126] 25 By

performi0d 24¢ immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface

layer of ke §lass subsirate hayngpheen ByiseierRIe sRepoRRslishing
@%ﬁé@é%a&'T@%'&F’ée%@?égﬁgﬁﬁ@l‘%\%%%éef&{ﬂ%“é{ﬂ}’eL?t?a"lh@é %éﬁ;f‘eﬁrure

ubstrate Is 4 strengthene e thickness or a compressive stres

{rareechatitieA sisdpesdpygicohBipialans sl atcogasaaprid. L0@MURrasonic
200m. [0127] The glass substrate having been subjected to the chemical
wave was applied to each cleaning bath.

[0125]

(6) Chemical Strengthening Process

Then, chemical strengthening was applied to the glass substrate having
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
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]

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
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5 strengthening treatment was immersed in a water bath at 20C so as to
be rapidly cooled, and maintained for about 10 minutes. Then, the rapidly
cooled glass substrate was immersed in concentrated sulfuric acid
heated to about 40C, so as to be cleaned. Further, the glass substrate
having been subjected to the sulfuric £t4d cleaning was immersed in
respective cleaning baths of pure 10 water and IPA in turn so as to be
cleaned. [0128] By performing the first lapping process, the cutting-out

prsaeiBenrd sedRd MHEIRG R GeSMRECERY F-rlEeSS IRy prateck at the
ot A - . .
B e SR MO TOB M P IR

high-rigigiyprmiagnetic-disk substrate. [0129] (7) Inspection Process An
inspection was conducted about the shape of an outer peripheral 20

portion diB@leisepidesirrigrtaldnisresbstiaiectad tadpectioenpiesiiess
comprjses .a measurement process of measuring offset valugs . and a

S R P e R o o AN Br BB il o2 o b
F‘AIEE?SFP@O%fIé'ae AREmAHRIHEEBN 5 AR HRECESPHREHUHENSpidly cooled
whether the glass substrate is good or not based on the measured offSet
gkss sabstietaevas pontierséd.i2 sPotaairadragietic &gk Mahedaotatogt
Prgcess On each of both surfaces of the glass substrate obtained througgl

#k GasasiR Pforlieanbce fawdhgn Hihelase Rukstiaig be\inegPeesrtibiected
' I : - lloy, . .
s, L L R Y R B s o owre

neatacing |Rveinalibydee’rtwpeandaaddbricating layer of
perfluoropolyether were formed in this order, thereby manufacturing a

perpendi@liBfflmagnetic recording disk. More specifically, an

By performing the first lapping process, the cutting-out process, the
second lapping process, the end face polishing process, the first and second
polishing processes, and the chemical strengthening process as described
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
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.

[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
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5 adhesive layer of CrTi, a soft magnetic layer of CoTaZr/Ru/CoTaZr, an
intermediate layer of Ru, a granular magnetic layer of CoCrPt-Si02, and a
hydrogenated carbon protective layer were formed in this order on a glass
substrate using an in-line type sputtering apparatus and further a
perfluoropolyether lubricating layer was'tbrmed by a dipping method,
thereby 10 obtaining a magnetic disk. [0131] This structure is one
example of the structure of a perpendicularﬁr&agnetic disk (PMR:

lB¥es i ddaRadEgrRte RiQbhgnderaverpidiea peyRridisyias miagnetic

. e _ i 50
e e B Bt I Sl Aol ol el AP armon. anc
dinloRasineisfeleebdlnersoaiye Meam/eHsToReRRNArBliRaiinT, ahareby

main surface thereof. [0132] (9) Magnetic Disk Device Manufacturing
PRItEESROIRY Aneerperslicianaagoediciestsed Aiakneldodssripeeifigally, an
device, a magnetjc disk deyice was manufact in e strycture of
BTN e RO P EaENen AL CAAE Hr@P cifrec
heERiRetidR3byEX8MRIe é)g?;?érﬁ}'a@?%)@ﬂ%ﬂe PHITLERHENSO,, and a
conditions to the second polishing process of (5) Main Surface Po%shmg
RFydoagsritedrizrtabpveteatimadaptic waisk ubstchie thisnagieetondisglass

and a magnetic disk device were manufactured. In this Example 1, a

SUOHHEHNG S Wy RS- SRIASHIRSARRI RSN 4 Bfishing
SRRt e et B AR P B8 B

sttty (rHgrelicadikhe processing pressure to 9(Pa). More
specifically, the processing pressure in the final polishing process was

changeddh3ho

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:
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

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)

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



10

15

20

25

5 stages so that, after performing polishing at a main processing pressure
of 9(Pa) for a predetermined time, polishing was performed at a
processing pressure of 1 (Pa) for a time half the predetermined time. In
this event, the product of the main processing pressure and the
processing rate (main processing presstire X processing rate) was 2.7. 10
[0134] (Comparative Example 1) A magnetic disk substrate, a magnetic
disk, and a ma_gnetic disk device according to Comparative Example 1

ARIIRNIASRARCHIPES MPiReSHbbiRahBRIAER PRaRiRelifioradowas set to

e A g M s oo
faespANBYRLRXaIMD ARk slocR $RRIg e dxtdrers TP aRlisMagengsiscifically,

was set to 85 (Asker C hardness), the grain size of abrasives to 1.0(m),
the processing piesso®. 60 hering| pabstiagprseesshy peceiRanged in two

A 30 3 RB D OCALG AP LG B 0 PAF RO IR
e gy aseaseaereramEdveaBen v aKIL brRipdvel oidbesTily

processing pressure and the processing rate (main processing pressure x

pressssngf riea Was d 2 ¢iabiH € pregatisonibetditera. EXantipie dvant the
Comparative Example 1) 25 The shape of an extreme portion 15 lEresent

RIS SRR BINNFRSRSSFRIE ST WACRSH e PAGRRYBUIANS B ates
- | tive E le 1
R ot R e 5513558 ) nfuence of £nd Porion

Shape Fgs$B4he influence of the height of the extreme portion 15 in the
circumferential direction was examined. Specifically, in order to examine
the chatfeempaetye s eBRIgIdss substrate in the circumferential

irection, th o i~ di ic di i
directio Atmggnetlc 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
the second polishing process were set to the following conditions. The specific
polishing conditions in Comparative 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
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)

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]
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5 maximum offset value of each substrate between two arbitrary points
was measured. The measurement range (R1, R2 in Fig. 2) of the
maximum offset value was determined so that it was possible to see the
change of the extreme portion 15 formed at the periphery of the main
surface of the glass substrate and havﬂ% heights that differ in the
circumferential direction. Herein, the 10 distances from the center of the
substrate were set to 29.9mm (R1) and 31.5mm (R2), respectively, and,

as a medSutiyepsR RO BHaR RRRREof an optical interference

surface ?ﬂ%P?HB‘?ﬁ‘ﬁH%‘H Ay jie?éw%%?@xﬁ@%‘féacﬁ%ﬁq BYFigse

Shift Technalogy, Inc.): objective lens magnification;, Imes,
HiteurnRstiairi e B st ivadi ek athbieimeSpaeAsHIg e B dor MR eRigmate; the

553.2nm, measurement region; 3.58x3.88mm, resolution; 752x480

ghange eeiahieo e ab ot s wkstetavinsthiteaiscuadf eeTdigloingciiomiine

by rotating the glass supstrate per 30.in the circumferential direction.

R R A G A O WAAEL) B ey PoItS was
ARaETBan iR SIRdRE eRIRsE ISR ALnde of e RlSGhum offset
between the above-mentioned straight line connecting R1 and R2 and the
veluexwastomterpontidsd Shalf ithea sipossibie it eeedt e st pgetiohthEhextreme
results are shown in Fig. 3. [0138] As shown in Fir*%. 3, the change in

RefYANGrarergIess A IBSRAERAGHE OO GRS HIRE Qe SHasSSRvAPIFLe

S, PR E M CremREREIRY . PRt
difieitase fid G ampasative s pibatines werblsunto[038hA6 (KB) and

Load/Unload Test Comparison As described above, after manufacturing
HeSup{BR dieaBantivalzhaa dnag feine REINYRPRABEISo HIRMAS dagie of an

disk sub tra%tes according to ExamrHIe 1 and Comparativ xar)wzgle 1, the
ﬂpjlé:ﬁg{[&%sq{%%égr%%peshape easuring apparatus (MicroXam

(manufactured by Phase Shift Technology, Inc.): objective lens magnification;
2.5 times, intermediate lens magnification; 0.62 times, measurement
wavelength; 553.2nm, measurement region; 3.58x3.88mm, resolution; 752x480
pixels). Then, the position of the vertex was measured at 12 points in total by
rotating the glass substrate per 30° in the circumferential direction.

[0137]

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. 3.

[0138]

As shown in Fig. 3, the change in height of the glass substrate in the
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]
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5 manufactured, and a load/unload test was conducted. Specifically, the
test was carried out in two cases with a disk rotational speed of 5400rpm
and 7200rpm by setting the flying height of a recording head to 9 to
10nm. [0140] As a result, in the case of the magnetic disks according to
Example 1 10 and Comparative Examﬁfé 1, no crash occurred even by
repeating the load/unload 1000000 times at a rotational speed of

5400rpm. With retsg]ect to_the magnetic disk of Comparative Example 1, a
crash odBUrke@iliNieadJaRIde0RRRBFID00000 times. [0141] 15 On the

other haﬁg ’d\gggﬁ‘%%;g%géwPgﬁ?fﬂ%ﬁﬁ?ﬂ%gﬁ%ﬁ%ﬁtgg% s jn which a

rotational spee rpm, while no crash oc n by repeating

meg il injeadva8erbedimeshe megask ¢fisResmranats distordiery@ng
to Example 1, a crash occurred in the case of the magnetic disk

kyesngiag tend drappatRieverapele whHae magnadic diskdepdsas pered
8000Q0 times. 20 [0142] From this result, it is seen tqQ be_ important that, as
AR T b e (AR DR S0P ks e BURN (VhBe
phdedAlsBLRRTHAN S iShA st oo dANTSS68 B BieoprERNsRY

of the main surface of the glass substrate be approximately uniform over
2o erpgireyrsattifey éned yihthaggasold edstiatg.{0ad 3D Althddgimthe
description is being given using the vertex of the raised portion as the
extreme[%l)%n 15 of the offset portion 14 in this Example, this 47

i”"e”tio'A&%”r.é‘l:tﬁfrgﬂ]iiYﬁ&’ gite ta‘op%(’) ﬂ%ﬁgﬂ%ﬁé ﬁ%eé%o‘?é]f@%aé@n ple 1

extreme portion ofano e same etfect as

aha\GoraparatiedBietdly ¢ausingdsie saagnisdievehadisesoé e g e me
portion 15, where lowering is maximum, to be approximately uniform over
ipaddpmiead 1000000 times at a rotational speed of 5400rpm. With respect to
the magnetic disk of Comparative Example 1, a crash occurred in a load/unload
test of 2000000 times.

[0141]

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.

[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
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
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5 circumference of a glass substrate. [0144] (C) Specification of Surface
Shape Next, the shape (end portion shape) of the periphery of the main
surface of the magnetic disk substrate was examined. An examination
was 10 made of the influence of the concentricity and circularity of
positions of the extreme portion (vertex4gf 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

Giysstiate SRR UitranR VP oI BhirlOMRIERRABIRR 2T fikexireme
ﬁ{ﬁﬁ%r?‘i%sd{?’fé%sﬁgarég‘ﬁberﬁoﬂeﬁf“b‘fﬂ&tﬁs""?ﬂ&@aﬁé@f’écf"ﬁgt Bbye can be

agnetic e In which'the concéntricity and circularity o

OBRIlAS 19f BRGNS PRAPT(Yer sPoftataiate RRIFGMLForEithl98eihere
than those of the above-mentioned Example 1 was prepared as
lovieRgHs Ve EsEmpleto. EnapRreyHBatetiskndigsRrave bfesnpitRative

Example 2 was e£nan factuhrlgd b% setting the processing pressure and the
%CH %@Qﬁﬁ PA thafe ¥ ?tﬁ ﬁ%hing process to be different from those

in the vermentioned Example 1. Specifically, the magnetic disk
substrate of Comparative Example 2 was manufactured by setting the
process{®) Presstioation8od Qafarel Shepeocessing rate to 0.45(m/min) for
the glass substrate. In this event, the product of the main processing

pressuré\lﬁﬁb the phersstany! rreion aﬁﬁbﬂf@&%i[ﬁr@&&feme main
Qﬁ‘?fé%%%%@tﬁ?a‘gﬁ%%&i tsf@é@@}ﬁ&té? %&e@%ﬁw&&gﬁgﬁaﬁm was

measuring appar manufacture

reeinelapy, ihfupnyestiaes don e measaremsiukditOptibditistevoinhe

resolution but wide in measurement range as compared with MicroXam

assemraebene Vi@ piAbaaisal, pofinioltnaftike magnriipstisssubstrate
%h%?cﬁfthheerﬂ?gs'r%tude 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
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
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
(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.
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5 substrates of Example 1 and Comparative Example 2 was a ski-jump
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 circtRferential direction, the position of
the vertex was measured at 12 points in 10 total by rotating the glass
substrate per 30 in the circumferential direction. The results in this event

QRIIEHRIH IPWHD raSeiglianul MR dmBReRTE IR ENIR 3% ARIEREFRE With

jal positi treme portion (ski-jump point) 15 of the ski
%ﬁﬁh‘fﬁ% ‘%\%&ﬁ@%u t, as shown in Fig. 4, it was found that the
extreme[@o4ipn 15 formed at the periphery of the main surface of the
magnetic disk substrate according to Example 1 was located at

approxirfatalyesidis dnmap deitlich thaishe espaeostion shaperef dea@iassthe

lass substrate and, specifi ,was located in a range of 0.2mm wit
LR S0 S B Mo PN A S anbaaee SO WPothepe
RABG oS ATSRUFTIRR AEMAERMREACE SR EHBme portion
extreme portion 15 was located in a range of 1.4mm with respect to
385)6mithe [SKi48Mmprsh apelfiantytbé tbemeagrigtie diskssbbsttiavas dmaasured.
to Example 1 25 was 0.40(mm) and the concentricity thereof was

TR SRRRIRrBMIARhaRISPRERTHRNLPLIRERAgHIAR fidhe vertex in the

O 0 DR B R kel g, Bl 18 poinis in
sl eyyofdhgiee esngl asy ium dbatboeaBESIWEe dPcappepsimalelydbson.

same in the structures of Example 1 and Comparative Example 2. [0149]

Therersimndbisveveriricnstomein$ig 14nd b paatiegranspreving the
results of measuring the radial position of the extreme portion (ski-jump point)
15 of the ski jump.

[0147]

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 located 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
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
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
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5 a load/unload test was conducted in which the rotational speed was set
to 10000rpm. This test was carried out in a state of a magnetic disk. 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 1000000
times in the case of Example 1, while,‘ﬁ?the case of Comparative
Example 2, a crash occurred 10 when the load/unload was repeated
600000 times. In Example 1, in the case of a rotational speed of 5400rpm

ARBroZ R, HtP SagIededtie Sireckies, ofdp@iRtpthelshGamBatRtive

%9%9%%9 jmes. [0150] Further, despite the offset values in the magnetic
ISk subsfrates were 15 approximately the same in Example 1 and

ComparggingpExample 2, a crash failure occurred with the structure of

Comparative Example 2 when a glide test was carried out at high-speed
rotation. TbANhtobiheraawe-medipsethhxampte drasttonpearativetiasiple 2,

E le 1. This i bly b if t 1) ski j

A LA RS BTN 5 o D1 12 LA 2b SRR NS
f60asae (FPHBEEWAS WARKRIBNN ff N SiePsa iR SYAERE diRKNE In this
circumferential direction is small. Further, as a result of many tests, it was

évemd, timet tiyen gitoeilginity e sepoetiirghe@dOmasskeso &b thénm.  As a result,
concentricity was preferably 1200m or less. [0151] 25 From this result, it

@é@@ﬁﬁd’ﬁ@%@& %Y@Fbpé{b'iéﬁﬁft‘éﬂ%*tﬁ }%%&%H@'%S‘_ h@&é}@&@ctmdﬂ the case
Bf%ﬁﬁﬂ‘?@g tf"%ﬂﬁ%,%tﬁﬁ@%%%’%?rt%ﬁﬁ%%éa@x% gﬂgdéala%(?égwgc?c{‘uqred
small'in a

eight charige In the circumferential direction 6f thé glass

alesingie | G80 10316 aH (W Meshdatisn ST 0D megation EBeirsis 1, in the case

conducted for the magnetic disks obtained in Example 1 and
donipiatione/srang el DAHNseMcANY, Z2Ryauatsnaiash occurred even by

repeating the load/unload 1000000 times.

[0150]

Further, despite the offset values in the magnetic disk substrates were
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
(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]

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.
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5 measured in a region between distances of 29.9mm (R1) and 31.5mm
(R2) from the center of the 2.5-inch (outer diameter 65mm4) glass
substrate. [0153] Specific measurement conditions followed the following
sequence (1) to (3). 10 [0154] (1) Set a magnetic disk in an
electromagnetic conversion characterigfc 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 hiﬁi huency used for a hard disk). 15 [0155] (2) Input a read

signal i g/%éé&ﬁliﬁﬂgﬁ(.’?eest [0156] (3) Derive a modulation per sector at

an arbitrary radial position within the above-mentioned range. 20 [0157]

As a reshlimsitioRmeAnisenvieieeed itamide thantagasliRadrikeobsamani
1, modulation values were better in Example 1. [0158] Further, the same

mainRlgchasst GompsatetivaEsanthletdd uSprriBatigastedtiskion was

AR ECL (R SRDts R TOREH R ACAFR oY 20 SHEKR PSMGR e Shmenm 52
i QAR 20 e A 8 R A vt

concentricity from each other. As a result, modulation values were
excellerfoftis3hose in which 51 the circularity was 1200m or less and the
concentricity was 600m or less, while, if the circularity and concentricity
deviate RBRFHiRSECRIENEN GroalirRdAalkavad e doleyingessqrence (1) to
E}Zample 1 and Comparative Example 1, the magnetic disks were

inufactured under the same conditions.

[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).

[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.

[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
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
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5[0159] (Example 2) Fig. 5 is a diagram showing the results of
measuring the maximum offset value from a straight line connecting two
arbitrary points with respect to Example 2 and Comparative Example 3. In
Example 2, the processing was 10 performed under the same conditions
as in the above-mentioned Example 1 iéﬂnd, 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

SiRoRckiaipnes 40 empalesta iR fercankithevas HHB A pss,
W |e3’imﬁé°&?btlﬁgrﬁg @ﬁf’;&‘r‘?&‘eﬂ%‘éﬁggﬁe&%{@ Ry tri'es?agfs vafties

shapé was measured at 12 points in't rotating a g strafe
RO ectittenafererdisy digeetionin EePhpls sheroomigrative Example 1,
Example 2, the maximum offset values are higher on the whole than

theeag metnaiskst Welie thia Butanierad aaRmhe samenspRoi®Agight in

the circlialfr% ntial direction of the glass substrate was still smaller than

that in al %je 1. On the other hand, in Comparative Example 3, the

change (’E@(%ﬁ’ﬂ@'?‘j than that in Comparative Example 1, but as seen

from a graph, the maximum offset values irregularly go up and down. In
general Rige SciseengéadifhencsttasingERamgdalts aricdreasoming 2heemasisnum
small as 2.86nm and 25 1.95nm, respectively, while, the change

piffSierRIES iHamdy A SHAIEDE BerANRCLIRRD WO ATRIF A O BREMKIER S85RRS! 1O

12 egtlv T :
R A e Bl Bt &, Yie Hecspsmg e
péresentieel end oo shrpeoisditishig wy prsitepgpshepediaised eV Example 1
respect to the main surface). Also in the case of a roll-off shape being a
anRepi ovepadalivg FspapiecHES seaessirthiMasupRIderMrddarder the same

r h f . ,
Conc }tslo%sétag i 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)
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
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, the 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
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]
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5 the above-mentioned Examples and Comparative Examples were
obtained as a result of carrying out the same tests. [0162] While the first
preferred embodiment of this invention has been described with reference
to the accompanying drawings, it is needless to say 10 that this invention
is not limited thereto. It is obvious that é%erson skilled in the art can think
of various modified examples or revised examples within the scope
described in claims and it is understood that those naturally also belong

to the tebARIBRCYS MBS rivsatefoaRd Compssating Exanrintamipte to

e B A Y R i B8 oo (RIS wi
EINe IR P JnAgoelic-irkomainswHastue¢i-oki sapeopsmgaif shape

to thereby provide a magnetic disk that can prevent the occurrence of
lvaereriwith esepett tndiel subpipie perio, 3HEaeee tiersamea esulg afmthose of

e state of ski jum roll-off differs at different pasitions in the .
{08 BHREraER AR RUIRLGR A0S SR B LN X AR Y sgotained as a
F@ggQIQF%;FW@eggp%@ggﬁ]@ftgg%invention described before. 25 [0165]
That is, also conventionally, it has been judged before shipping a glass

substrat@wé@ther the glass substrate is good or not by measuring the
shape of a peripheral portion. However, sincéeﬂgtlass substrates should be
t

manufadl(#R 8 WsioweissrashaMPRATBRIUAIIIS IaHerdiRB AR 58Rd
8898?{6‘&%%%??81‘&88&??8 %%EQ@%&#@%@?@A&EE@%'Y? H%?Qle%‘%‘;% say

samples are extracte om alota ac em iIsTmeasured at on
siagigiposiigmitiereobrAimiiédasehaen fovircbihad eyendt epensiic skiksd in

are manufactured using the glass

the art can think of various modified examples or revised examples within the
scope described in claims and it is understood that those naturally also belong
to the technical scope of this invention.

[0163]

[Second Embodiment]

Next, the second embodiment of this invention will be described.

[0164]

(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 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.

[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
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5 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 glide test is small. [0166] 10 In view of this, the inventors
have made a detailed examination and®Rave found that when the end
portion shape is measured at a plurality of positions in the circumferential
direction, the position and magnitude of an extreme portion 15 differ

akiounans) 8RAHB IsserioHaRiesAchshGRdTRRE kA iR katemcaoBRtRe
Ay SOt
S SR A BRI N RS A B rom

dirkt deveadheeiemcaspeabaredna dagiradipgioposition tasribe And it has
exhibited. On the other hand, it has been found that when a glass

bapstfatnmthatierand man pheidisks b aneiastpeetorsiognied alase
riphery af 8 main_surface of the glass supstrate, in other words, the
R B A R RSB G Vot ot SR B ) Yl Gses
ARESRAROTHAM LY G128 SHarae RidgiuaBre RIS SRR est is
the circumferential direction is formed into'a magnetic disk and
lagye ovd teth éméothemagnibéc afi shadsvid shia tesajd dgasht coloe dsfd 06T by a
25 Therefore, in this embodiment, it is configured that the offset portion 14
eHiHRdEsith IMAbtiset is formed over the entire circumference of the glass

substrat@ nd, further, the extreme portion 15 where rising is maximum
in the offset portion 14 is located at approximately the same distance

from theleedar St tieegRssnsoieshiale. mitsendl degailescsietiination and

hereinbelow. [0168] Next, a description will be given of a manufacturing
heatbdeiod treinuRenuheEne praipe o aRskisSuneasusastab iRy ralithief

mbodimen , e - .
Soslljt?c%s f Ehe circumferential direction, the position and magnitude of an

extreme portion 15 differ depending on the position. It has been found that, for
that reason, even in the case of a lot having passed an inspection, when a glass
substrate is actually formed into a magnetic disk and incorporated 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 glass substrate in
which the radial position of an extreme portion formed at the periphery of a main
surface of the glass substrate, in other words, the radial position where the
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]

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
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5 [0169] A magnetic disk substrate is manufactured through various
processes (details will be described later), but when manufacturing the
magnetic disk substrate according to this embodiment having the extreme
portion being the vertex of the offset portion (raised portion or lowered
portion) 14 at the 10 peripheral portion% the main surface at
approximately the same distance from the center of the glass substrate,
particularly a final polishing process (second polishing process) becomes

%B&@H@W% rAig bR AessHhRed N areiRRS @ Wpheral portion

of the rface or whether the lowered portion lowered with respect
to the flat surtace is formed at the peripheral portion of the 15 main

surface g aestmstRIATWINGe givEredielishinaendiinmetiba fiel

polishing process. In the following description, the conditions for forming
thanwasidring ibe waane e sisiostbpinate]aterr ditgi i thisegnbediment.
raised p@)r‘jlrgg has been much more reduced 20 following improvement in
storage y and most of factors that determine the shape/magnitude

thereof depeiph ittbr ARG EIBIHINF NS AMRIDEISPPRD RERRR sses

[0171] Many of various polishing conditions in the final polishing process

aftdail 2bitheestieperiimed tatede biitivehexisedpoidiciosingt e omagtinetin, disk

particularly the processing rate (processing speed) and the processing

e ApSerHRaO (95 oMBSRNBBIoNAA BS BYBRTRIRiG0ERY the
P "I‘)EQ%MRESS‘H%%P Sigiely fr’é éBé PR %%r%& Yo &iﬂ§ Q\Sﬁw
Su tis needless to

strate using a p anetar art pe polls INng mac

§@Mr§h@tréhpdimi@|rp@ﬂlﬁﬁbﬁ@ﬁm@@ﬁ%@@@b@sﬁmﬁﬁb@lymwm@dmﬁ\ﬁbe from

planetary gear type polishing machine. For example, the final polishing

hrecesiena) he glasraubsiiatgiaaricwentyte fismigpolishing 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
main surface is also mostly determined by the polishing conditions of the final
polishing process. In 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
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
the shape/magnitude of the raised portion, 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
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5 a single wafer type polishing machine. [0173] In the final polishing
process, the glass substrate is polished by relatively moving polishing
pads and the glass substrate while pressing the polishing pads onto both
main surfaces of the glass substrate. In this event, 10 the machining
amount per unit time is the processing PRe and the pressure pressing the
glass substrate is the processing pressure. [0174] For manufacturing the
magnetic disk substrate according to this embodiment, it is preferable that

thafpelithemp ineEaaPhadigesotsate us g A AN aladtigear type

: e be set | p | i
AR e A R Sl
bainecase WiHenexsimy it captaprtaly dsk{dfpblistitsgoestiblaeto $R3r

the hardness of the polishing pads to 85 (Asker C hardness) and the
gxaimpieetbedinalpalisiing. pegeaspBIRhbR) arRlKditnihg ehesscubstrate using
above-mentioned conditions is carried out, there is a possibility of
88&?8!;%{'@%%8 BRFAEIESA B@'or breakage of the glass substrate.
[0175] lf@f-;’g?nufacturing the magnetic disk substrate according to this
embodiment, when performing final polishing using a planetary gear type

25 polishiryerfaciipe)ighéng latanedsptbetglass shesiratisiaxiolistethby

speed of a carrier and the orbital rotation speed of the carrier orbiting in

tREEHEENME WIS POUEBIRe PRABGHShINPodiAsP s RANEAIS KW RFF ERIBP the
%éﬁ(?hﬂ@'%@d‘éyo‘gﬁg'ééﬁw%%réfgﬁa%%%?'ﬂglé‘éﬂ%ﬁ&t%t@tbe.”’ 8180ent,
ads ar rfaces of the g

ressed onto upper an lower su ass substrates

treldriadhmery@holinepeinuhistBiries the plaresuipgfiairRsantethelsieedure
when the carrier orbits while rotating on its axis. That is, the
pressing the glass substrate is the processing pressure.

[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
0.5um/min and the processing pressure be set in a range of 8.5to 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
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
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]
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5 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 formed at the outer peripheral portion of each
glass substrate has variation in radial E@sition 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

or)-it_s-a*\'bthﬁéﬂBﬁeéﬁé)éﬂ%ﬁ{dm@jcﬁk‘ﬂ{ﬁf_am?(a%ﬂ'%?r%éblQﬁtfﬁée(%a%%'he'd in the
L R 0l U0 B AR e or v

thaspeasindryiet et Blags suhsiate Thofen eistustad ithtglass substrates

circumferential direction. [0178] Then, if the radial position where the
asgrpalishedtivhes therarieriedits wiileirolatirgamidsdwstior haids, the

ing the g b in a direction 20 dicular to the main . .
iRl R e s s Al oRe e 2o o
Y 118 FRRAGATIAAPHLISNT QLIS SIS BERPAIBM P RIRMSTARF AR EIF Wi the

elliptic or meanders, severe vertical changes occur when the
circumferential direction (irdoé diasstisut)stratesch d hersoisking mgadr the like
magnetic head) makes scanning crosses a locus formed b¥ portions of

gneg ékf%@ﬁdrﬁ@ﬂpn?&ﬁgpwmgf FREA %Pe%?&‘ﬁ@ RS y@difdign in
O i PRTR Pt . R e e =

becomefpyngiable. [0179] 57 Following the reduction in flying height of
recording heads in recent years, there is a possibility that the recording

head calfnotdendorsduisedhi apiinien is insaeiivy T erensiat direntiensfit is
%%F%@i%ﬁ;ﬁﬁﬁg@{ié%ﬁgﬁ%ﬁﬂ% @%@%%&?Edr'& RePAL AR S S vital

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.

[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
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
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]
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5 to cause degradation of the signal quality or damage to the recording
head. [0180] On the other hand, by causing the extreme portion to be
located at approximately the same distance from the center of the glass
substrate as the above-mentioned structure, even if the ski jump or roll-off
is present, as long as 10 the recording Réad constantly passes over the
ridge of the extreme portion during scanning, it is considered that there is
no height difference large enough to cause a crash failure. It is, of course,

expectelifaring Biarerrbginach fries halbatinlisrraimiae headrisersrgt
?é‘aﬁ%e ﬁ%ﬂ%‘%‘d’k&%%fﬁ%ﬁﬁ%ﬁﬂgf«?gg@q Wil PR SIBRA R ical

ar smalléer than rising or lowering o xtreme portion due to

ohemReeingnairfedikee bbauitetite biaataTdrye. atfirtiosr iothesfaeke of a
that it is the change in height of the substrate surface in the

enotaoksiging ipediaid wiskishefisan oo sBiljtyTivaeforecersiogdiagpeojumps
he structure of this empodiment, it is possible 20 to reduce the .

B e AR R O PR ABBR APATRRAR DR cfgo head.
improve[m%ﬁ?tness particularly at the outer peripheral portion of the

magnetic disk substrate. Therefore, despite the ski jump or roll-off is

present Othéniighhpoband, dfytoansayn e ddaehe pextendd berlotaiad at
disturbed and, even if the magnetic disk is rotated at high speed, there is

RBRIBXUTIABNONEsSaemeLiskRtnR S0 MR sshiet didkeal R HRRIRIR @S the
Sggeﬁé%ﬂbﬁ%@é&r@&ﬁ%@"é@rﬂ?m@%tgﬁﬁ h&“Foeflf%ffe f?&?@é&%ﬁ&%ng as

€ magnetic disk Is mcorporated INnto a magnetic dis VI urtner,

glsaadtdiegprehtdcoaseadl phrseagielicheadde bieteagkiiaaddyaton

since there is no possibility 58 that the flight posture of the magnetic head

WdRguBBatHagicuiacpasitrr editbatjbrh s A baight slterengedacaasknough
or that the magpetic head js.brought into contact wijth magnetic dis

R RS UEREa AR <tdbls A g e St Bos sy e Rfton
RaaNedic Aiskighb GhésHEEL JUBERIARIS on the position in the circumferential
direction, but this height difference is far smaller than rising or lowering of the
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
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
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
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5 [0182] Specifically, in the main surface, the circularity of a circle formed
by the extreme portion where rising or lowering is maximum in the offset
portion 14 is preferably 600m or less. If 400m or less, it is more
preferable. Further, ideally, it is preferably 200m. If the circularity
decreases (value increases), 10 even iPthe magnitude of the offset of the
extreme portion is uniform, the magnitude of the offset cannot be
approximately uniform as seen in the circumferential direction. In other

(atdBeiha pesivge.cldeadnaanets frarindistraerhPRBHHAT ipaLHs-outer

R SRR e S B L o
opritsalinpttie iy (R tc ek elghisddharigineddrattianiishanassthtbagh the

is, if the recording head cannot follow a change in magnitude of the offset
poetipartianefildeyirpoesc ishoradéebripigetior aeierpbition, a head
crash Oﬁ@ﬁ% By setting the circularity to be within the above-mentioned
range, lar, the offset value in the circumferential 20 direction can be

made agyoxifeaiflyiN e maMIBUESEECHHE B GIZRtPIINS diFI8 HiR%ed by the

head. [0183] Further, the concentricity between the ¢ircular hole formed
extrenwe patiof thiecgtadsinghstiatecind) isencadie donnre thbyoffect podioa 14 is
ortion where rising 25 or lowering is maximum in the offset portion 14 is

E@E@BM 2900 BF 1888: If MHHIGP14RSS it dSHOPESIPERPERIRIS FuRHER®T,

f&s&ffgé it i'§‘ BFSFSF@@?’ 586’%%‘.” IP et'{giﬁ&@;%%&}fﬁ%ﬁé‘é%%&&%ﬂ?@ﬂw@’f%'é‘?es),

Increases), even | e magnitude o e portion Is

snanmhd enaganidsl e fohid e istsad iotrnekipSmieepaipsexisnatétyr biifaem

as seen in the circumferential direction. By setting the concentricity to be
RGN IECPIONE RIEFRICTRINAI R aRBIRIBATE K UnBQIT AfesSethddiiset

S e

predetermined radial position (position where the offset portion 14 exists) from
the center of the glass substrate, if the glass substrate is rotated, the magnitude
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
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
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
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5 [0184] Further, it is preferable that the magnitude of the offset be
approximately uniform in the circumferential direction at arbitrary radial
positions. By causing the circumferential direction to coincide with the
locus described by the extreme portion and by causing the magnitude of
the offset of the extreme 10 portion to @@approximately uniform, contact
between the magnetic disk and the magnetic head can be more
grevented, Herein, "approximately uniform" is preferably 0.02mm +

COPRRIPKITHRIC b WNHRBTS RS BRSO GiFgH RHES tial BisgetiPfakirYis@iting
PO YRRl el i ) o
U A ST Gl T LA

(Raghitudpasifineliféer prevarifcumesysntiasditeatiba effreidaitias 14 of
the magnetic disk substrate at 12 points per 30 in the circumferential

anewidmately chviogen iwithagsipegs of tihe Sireafdan resringrhess. with

the charﬂgi 2 this 20 range, the effect of this invention can be obtained
more re %/.][0186] As described above, if the recording head cannot

follow the, g9k 18 pragribleaiiiieeHaghif08as Haieseys: To

explain this in detail, when a recording head flies over a magnetic disk,
approXiotetegesnifomagnithdecot at teffeatial aieerctén rif dh anaiti@iof thdial positions.
changes is small (gentle), the recording head can follow them. However,

RXrraresid tARyesHERiecRaHBk NS URR I IaAigRt iRHiR oy R dggcribed by
ek .8%%&\%'%&&%%5@@&%%%53 e, ao‘%‘iﬂ%jg% dPifie extreme

embodiment’is a particul e mode when the ies at hig

porirpeRsbd app anasititalyu i mageelisdliblkouhstriie arsending dsknimd the
embodiment is preferably used as a glass substrate to be mounted in a

magnetie Braddeaiceedsfeareyattae. it AlefehtatiapRIGPEEielf sadorpmis
ST BeAE L o PSS TR RN SUELIGLISO S YRIHRS heao) -
1.02mm taking into account both the circularity being in the above-mentioned
range and the size of the recording head with respect to the disk radial
direction.

[0185]

Specifically, for example, when measuring the offset portion 14 of the
magnetic disk 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.

[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
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
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5 device adapted to rotate it at a rotational speed of 5400rpm or more, but
particularly in the case of a high-rotational-speed magnetic disk device,
the effect of using the magnetic disk substrate according to this
embodiment remarkably appears as compared with that of using a
magnetic disk substrate of other than #8 invention. 10 [0187] The
magnetic disk substrate according to this embodiment is preferably used
as a glass substrate to be mounted in a ma%%(l-:gi?%disk device in which a

ti%&%@?&“%#&%ﬂﬁ%@ﬁ@ﬁiqgiﬁ ERid e RS
S R A BT A B

fos raRgoRlicalisicw it aoreuciv dewrsheiah (GRS R400iB4e88 M or

the touch-down height is low, a crash tends to occur when the change of

BTRset folMeteds, leCalkss sDJarakiesnaen Hdwevepuniathitha magnetie disk
0 disk substrate of this embodiment, the change af an offset portion 1

(5% AR R SOLA R o IS LPERACTHL LG FrdTingoc

bsiEBLRf imanedsdI8Rd H@‘FPFQtQEd?%@Eéé&‘F‘H%Heﬂd%%@}%? the

prevent the magnetic head from being crashed. [0189] 25 The magnetic

citdcsobsisatg Hurondgetcttislesubstliate radsqdiner &b i isisacbiodienent

magnetic disk having a high recordin% density of 200GBit/inch2 or more
KRG pRRBRHTE 2% 6BRAMRA YVER el Mo A agnsliadiskigHbstrate of

5%8” qﬁgsm(, tﬂﬁoﬂ.}/ing height of a recording head can be further
reduced 61 and tﬁus a crash can be prevented by the use of the

magnetipdgK substrate of this embodiment. It is needless to say that the
magnetic disk substrate according to this invention can also be suitably

applied fa grageetie stisksubhstigieinceandnaciecttisientvasinenidsaiaterably
gsegé ig/ssén gélggrstgu nsttrr]gtcgl ?8 %%ct)%r?ted in a magnetic disk device in which a
magnetic head scans an offset portion 14 present at the periphery of the glass
substrate at a linear velocity of 20.0m/sec or more.

[0188]

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
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.

[0189]

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
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5 magnetic disk substrate for manufacturing a magnetic disk with a
touch-down height greater than the above. [0190] The magnetic disk
substrate according to this embodiment is a disk-shaped magnetic disk
substrate having a flat main surface, an end face, 10 and a chamfered
face interposed between the main surf&de and the end face, wherein, at a
peripheral portion of the main surface, there exists an offset portion 14
offset in a direction perpendicular to a flat surface excludin%the

Bad e SERE6CN DR RHATRGTLRY e iRpaidhe impanclrdids swpstrate of

[ f th e ' ' '
e, e R s A e bR R P
HeRy Rig ¢atalwin AP Bl RPBEKIMARYhsisdns iglassedianade for
central portion of the glass substrate. [0191] In plan view of the main
daefdce onag eliesdisibayiintg, aHecnEinGUIe N30YoME e it heasriée: pbetienor to a
14 may.be present in a range of 92.0 to 97.0% with respect tg the
eaHIRic g Hheslibalrals P Ra LG A AERPIR IS T A R eadgn
ﬁg%ﬂf@t@g@gmﬁr%gb@;@ﬂ In plan view of the main surface of the
glass substrate, the extreme 25 portion 15 of the raised portion circularly
surroun{i®1t9@] main surface and the circularity of a circle formed by the

extreme_portion 15 is preferably 600m or less. [0193] 62 The glass
su bstratfﬂ?a@é@%ﬂﬁa@'%l%“&sﬁ@%ﬁﬁ%@%ﬂ% dhi§ shediment & te

ub - SHBRAVIEN &
R e R A e e B ace

betive enantised lRiceadieydbscertsimedrottienirasdraacicladariveshlace,
\t/\r/]r?erein, at a peripheral portion of the main surface, there exists an offset
portion 14 offset in a direction perpendicular to a flat surface, excluding the
peripheral portion, of the main surface and wherein, in plan view of the main
surface of the glass substrate, a maximum point (extreme portion 15), where
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
point of the 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.

[0192]

In plan view of the main surface of the glass substrate, the extreme
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]
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5 circular hole at the central portion is preferably 1200m or less. [0194]
The magnetic disk substrate according to this embodiment is a
disk-shaped glass substrate having a flat main surface, an end face, and a
chamfered face interposed between the main surface and the end face,
wherein, 10 in plan view of the main suPface 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

Iowgred%t%ﬁ%@ﬁgﬁ%ﬁ?%@rfé@h%?cﬂﬁ abpPsentEgdinasHABANd: in plan
AT R A e S Bl on 501

rsetgtiortipambydsmestnitis tnsaieirbir tRajabirpeidneoabeiRrstpe

chemically strengthened and it is more preferable that all the surfaces of
BeiveeR et ¢e trrereddlly thecdtraraortiostibrancrassislthiormembldhe

SUFHE TP R LR R0 TRL R LR B RS2k R OB hETgFete cicke

substratg)igipcorporated into a magnetic disk device adapted to rotate at
high-speed rotation (e.g. 10000rpm) or into a magnetic disk device for
use in aThebiagpplicatisk stitestrapacicesidiagde ikiscguibed foetiidgtass
substrate and thus it is preferable that the compressive stress layer be

?’é?hﬁéfi%ﬁ?_@rglﬁ%ssw é%f%i’fl%'@&é'%hﬁ‘ﬁ%@!f%%irﬂﬁr%‘éﬁéﬁﬁcéﬁd a
gH&H%*Psﬁ'F},QiéSiﬁtéF%BEBS%JRD@éWﬂ%%BHﬁ%ﬁr%%%%ﬁ&)ﬁ%r [ﬁ}?%ace, wherein,
€g a gt

ringing t ass substrate Into contact with a chemical stren ening

ingeEnent®obiting Aeiiliinace ohemeiehhsyenptritgSaivisrdaasemion
exchange part of ions contained in the 63 glass substrate for ions in the

sveeneshnitheiasipeelite theatmadhsudiatie isHiavigesroeieeadive meaiatsyrface
%%‘tﬁ%aéﬁéﬁﬁ‘ eggg?gééoanr?d [t%%ggép(tw%ﬁg'ﬂ%i?oevigﬁd portion from the main
surface may be approximately uniform at positions spaced from the center of
the glass substrate by a predetermined distance.

[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
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
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
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5 Then, by forming a magnetic film on the above-mentioned magnetic
disk substrate, it is possible to manufacture a magnetic disk according to
this embodiment. Since the magnetic film is formed on the magnetic disk
substrate, the shape of a main surface of the magnetic disk is largely
affected by the glass substrate. That i§,3n order to improve the shape of
the main surface of the 10 magnetic disk, it is necessary to improve the
shape of the main surface of the glass substrate. Therefore, using the

9:'\%%?1@%19%}@%%’3@8@Biﬁ&o@éﬁ%i@@%&@ﬂﬂ%ﬁ@%ﬁé@ﬂ@i@n having
SRR e RAU S IRk o g Rartger in shape of a

periphera € main surface. Since a magnetic disk
manufaggirggy method is known, a description thereof is omitted 15
herein. [0197] The magnetic disk according to this embodiment may be a
magnetidMagnraticdeiskdunted in a magnetic disk device of the load/unload

type in which agnetic head is loaded and,unlgaded with respect to the.

i sultIEB o VS o DRI A LR CEHE TR SR
BRI BRI TIRTSOh HRSIKARS iPIabRiALELIR G a B AgRR SIS R B 8his
suitable for the load/unload type. [0198] The magnetic disk according to
émedibutimer@ineeythe enagptititiing Ssdiskriedenmtbentezbimeticrdigh stibstrate,
disk device adapted to rotate it at a rotational speed of at least 5400rpm or

fhereNarfiRbR MaihpeacRMNeBRaneHGHigkiriGretly alreiediQy g glass
f 1 This i
AL ‘PF?%HEP% %rraf?et?:gs dﬁ@d%’ﬂ?@%ﬁ%% %ﬁ%@ﬂ@%ﬁﬁé’ééh& the

outer peripheral pottion o s substrate ere s no

preseilitysicaniacidriveen thenpranetinagliskapacon theangics inéack of the
even in the case of high-speed rotation and thus the reliability is high.

glaspprbstialgyneticairiodorinaghe Mrosrlindiftesibaiipisedisclosed in this

embodiment, it is possible to manufacture the magnetic disk improved
particularly in shape of a peripheral portion of the main surface. Since a
magnetic disk manufacturing method is known, a description thereof is omitted
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
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
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,
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5 contact-sliding type recording medium (contact-recording type recording
medium). In the case of the contact-sliding type recording medium, a
recording head reads and writes in a state where it is in sliding contact
with a magnetic disk and, therefore, by improving the flatness, in the
circumferential direction, of particularl the outer peripheral portion of the
magnetic disk 10 substrate as described above, it is possible to prevent
gmping of the recording head. This makes it possible to improve the

6ﬁ%l'ﬁqalﬁ§%$i8il't§yp9 Gentaghheiyess t‘i‘?@ (BESHRAG H%@T@'z@@?ag netic
B kP X b U AU SRE CEEHOI ron
drive). Tjog 99ggnetic disk device mounted with the above-mentioned
magnetic disk substrate is particularly suitable when

recordingn@pregneitig gk raceese pateciiisigrabadimepbayrbigon. 20

0201] Althpugh the descrjption is being given centering op the outer,.
e et e e R

Aisailpieciie tsRest iR MAEr SRIRBABEREL M B ASImATET

as descfibed above. It is needless to say that an extreme portion 15

velcerdingihgaa treaoff setdooriies kb diadenaleneiihisipretidiaplgdotatedith a

approximately the same distance from the center of the glass substrate.

0200ptiEdinh iy o5 L RIRRMIMIMPER iR NASSe ilem Graymferential
FRSEI, YRRy e lssngn masorts i o
substrate asdsreabeticaiskare igsosdatéue g ry anhaensiig dsthbawodrding
a predetermined shape, such as a

head. This makes it possible to improve the signal quality and to prevent
damage to the recording head.

[0200]

(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
rotation.

[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. It
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.

[0202]
(Example)
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5 3.5-inch disk (489mm), a 2.5-inch disk (465mm), a 1.0-inch disk
(427.4mm), a 0.8-inch disk (421.6mm), or a 1.8-inch magnetic disk
(448mm). [0203] (1) Shaping Process and First Lapping Process In the
magnetic disk substrate manufacturing method according to this 10
Example, first, lapping (grinding) is app@@d to surfaces of a plate-like glass
to obtain a glass base member, then this glass base member is cut,

thereby cutti_n%out a glass disk. As the plate-lik?aglass, one of various
plate-likE'&jRIsBeLoM AistedcdRtiamWipardikeyRisacBxaseple about methods

ﬁ?ﬂ&ﬁﬁ%@ﬁg@%ﬁﬁ%’é‘ﬁ e %Yscf %QBanga a@!f&agw g RGR AR this

pressing m metho owndraw method, a redrawing

meshadnds abisien. MFthesk weim &t alns ARt andatednkeftsigare

them, if the pressing method is used, the plate-like glass can be

manufactured as lavnageetinsdisharyinbprapredgternagribane giebsas a
.cap e m of an amaqrphqus . gla r a glass, ceramic (crystallized
B RS S8 e R BT A 1B A e gm).
gluneasiisrie olasmm)seraling tersmadrsnsiirat glasand! the like.
Particularly as the amorphous glass, the aluminosilicate glass can be

preferaj208kd in terms of capability of being chemically strengthened
and capability of providing a magnetic disk substrate excellent in main

surface fibl 2 PEaeReR AN aRR)thaPBiItsL DAPFR3Ris Example, a

it sl e int ) o .
oressind R HTREASR Ui P R It TR ek BRling to is
BRafipieUsrslalgdiieplgandiiie appnewaisaitoisst agslarasikeagiasy to

66 a glass for chemical strengthening which contains, as main

ebiapoaaiasshase egmbes\ i) Kis g sstbaEmmemMagoisTd, 1oaehy
O e I R
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,
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
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.

[0204]

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
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5 thereby obtaining a disk-shaped glass base member. The lapping was
carried out using a double-side lapping machine employing a planetary
gear mechanism with the use of alumina-based free abrasive grains.
Specifically, the lapping was carried out by pressing lapping surface
plates onto both surfaces of the plate-ﬁgs glass from the upper and lower
sides, supplying a 10 grinding liquid containing the free abrasive grains
onto the main surfaces of the plate-like glass, and relatively moving the

BlglasfopRaTIAA! hiEedtaeR RhWICt) GAHRIBIES BIARIS MRpAENtS, SiO2:

btaingd.t base. I ing lat pai .
o S T A e o, e (B e
the glaspbasg member was cut using a diamond cutter, thereby cutting

out a disk-shaped glass substrate from the glass base member. Then,
using a EygtdrizapiamEsedmlieshimbethslieinadrfeate okihe ciaterdike glass,

B o R R S W g comeo
§0EUEFR ANdoribRURIRSPRIRY fh S ARG MSIBd HHamaaH SHRpgAes,
thereby carrying out predetermined chamfering (forming, chamfering).

fpaoan(3reitbridd appinfdnotesstizs ddéresebmsivegpaigsvasSpppliezilly,
to both main surfaces of the obtained glass substrate in the same manner

HeiRRRINGW AR S BIPSSUDIARRR SaCsRIFEPH P RAUESS,
QHFFAU&Q&&E‘{@%G& %ﬂﬁg@ gfbg}efmﬁirlh%%ﬁb%)?&%ﬁ&h‘&v&éﬁ@?@é@%ﬁ@?ﬁﬁ@ a

or an en rocess as a ecedaing process can

seimeveditiuagivanesingwytied frbecomasveogaiiie thieampleigim surfaces of the
subsequent main surface polishing process in a short time. [0208] (4) End
Plate-slighusg, @ sskatively moving the plate-like glass and the surface plates

to each other. By this lapping, there was obtained the glass base member
having the flat main surfaces.

[0206]

(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).
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

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
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5 Then, the outer and inner peripheral end faces of the glass substrate
were mirror-polished by a brush polishing method. In this event, as
polishing abrasive grains, use was made of a slurry (free abrasive grains)
containing cerium oxide abrasive grains. [0209] 10 Then, the glass
substrate having been subjected to the%nd 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

praverlisreeRsiesforast RBARIMPARH PLasiaiRe [BR10R 15K@sangs Possible to
§6‘rﬁ§fi§é° 'ﬁﬂﬁgfdﬁr‘rﬁ%ﬁ%@ (‘;éé@iﬁ’%ﬂﬁﬂ%ﬁﬁ%%%&"&siﬂréts‘f?cfﬁ‘.’tﬁn%‘?.t as

main surface polis st polishing process mainly aims
to remoyg2aggLks or strains remaining on the main surfaces during the
above-mentioned lapping processes. In this first polishing process, the

main sutfadesdveaes biiskingsitigeess double-side polishing machine
having a_planetary gear mechanism with the use  of a hard resin polisher.
Corium 5300 J0PRE T8 B eLRBELE £ Kb RReR OO izte
W8S RHBSHBEN SIRVNGPE BRI RAISRIY e sy POlsHIg BVeRESSs PR lishing
was immersed in respéctive cleaning baths of neutral detergent, pure
alztes|vengr #ifs (isspropyl maod ) andumysdras ebbesoleagraths)a2ikRhining
Then, a second polishing process was carried out as a main surface 68

BRNI ARSI ARIESMAIERIFSNd polishing process aims to finish the main

surfacejdfgdggirror surface state. In this second polishing process, the
main surfaces were mirror-polished using a double-side polishing

machineThaving @ ghekaiansBeRs RRehgHsshwitbjiedistoaha 8ol rases

foam polisher. As a

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]

(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
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
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
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5 polishing liquid, use was made of cerium oxide abrasive grains finer
than the cerium oxide abrasive grains used in the first polishing process.
[0213] 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 (isopropy! alcoﬁgl) 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

B@@%@f%ﬁ@%viﬂ_@iﬁgm Qjekieg %%%Sétﬁi%_iﬁ%ﬂﬂ@ﬁéﬂe main
@%@8&&9%%?@%?9&%%32{%% pr‘?ﬁ‘?ﬁfsegeg&id%&ﬁ@lﬁﬂhs Foces e ¥ main
ut by S | e

was carried o preparing a chemical strengthening sofution 0t

Suitaoé @ uirdUTE b et PIsMUYINgte B0 Jndespdlidhmitratedidhaving a
heating this chemical strengthening solution to 400C and preheating the
planatany@ery supstranisd 300Chanearhearshiyesindoans pelshiial As a

B s i OB AR s it
881Gkl %FQ&RV@QDPafﬁQE‘L?séHqF?f%éefﬁépﬂﬁﬂsl}hiﬁgz‘&%%éé%faces of
the glass substrates to be chemically strengthened. [0215] 25 By

perform{0@ tB¢ immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface

layer of ke §lass subsirate hayngpheen ByiseierRIe sRepoRRslishing
@%ﬁé@é%a&W@%‘&%eﬁrwpégﬁgﬁ%ﬁl‘%\%%éef&{ﬂ%“é{ﬂ}’eL?t?a"lh@é %éﬁ;f‘eﬁrure

ubstrate Is 6 strengthene e thickness or a compressive stres

{rareechatitieA sisdpesdpygicohBipialans sl atcogasaaprid. L0@MURrasonic
200m. [0216] The glass substrate having been subjected to the chemical
wave was applied to each cleaning bath.

[0214]

(6) Chemical Strengthening Process

Then, chemical strengthening was applied to the glass substrate having
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
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]

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
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5 strengthening treatment was immersed in a water bath at 20C so as to
be rapidly cooled, and maintained for about 10 minutes. Then, the rapidly
cooled glass substrate was immersed in concentrated sulfuric acid
heated to about 40C, so as to be cleaned. Further, the glass substrate
having been subjected to the sulfuric £ cleaning was immersed in
respective cleaning baths of pure 10 water and IPA in turn so as to be
cleaned. [0217] By performing the first lapping process, the cutting-out

prsaeiBenrd sedRd MHEIRG R GeSMRECERY F-rlEeSS IRy prateck at the
ot A - . .
B e SR M TOB M P IR

high-rigiiy glagnetic-disk substrate. [0218] (7) Inspection Process An
inspection was conducted about the shape of an outer peripheral 20

portion diB@leisepidesirrigrtaldnisresbstiaiectad tadpectioenpiesiiess
comprjses .a measurement process of measuring offset valugs . and a

S R P e R o o AN Br BB il o2 o b
F‘AIEE?SFP@O%fIé'ae AREmAHRIHEEBN 5 AR HRECESPHREHUHENSpidly cooled
whether the glass substrate is good or not based on the measured offSet
gkss sabstiettevas pontierséd.i2 sPo2eairedragihetic &gk Mahedaotatogt
Prgcess On each of both surfaces of the glass substrate obtained througgl

ﬁ%%%@%ﬁ%ﬁ%ﬂ@&fﬂﬁgce@é@hﬁh Himease RuRsita tavingPepsustiected
{GFHEEY .fzﬁc IQX?H afagnq:r‘f’i %5%%{?%’ g%%%ﬁ%gﬁw %Tecg@';&’; gaths of pure

perpendicular magnetic r t-group a

neatacing |Rveinalibydee’rtwpeandaaddbricating layer of
perfluoropolyether were formed in this order, thereby manufacturing a

perpendi@@liaflmagnetic recording disk. This structure is one

By performing the first lapping process, the cutting-out process, the
second lapping process, the end face polishing process, the first and second
polishing processes, and the chemical strengthening process as described
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
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.

[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
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5 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: Longitudinal
Magnetic Recording). This makes it passible to manufacture a magnetic
disk having high-level flatness also at &P 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

e’ 8 Hd@dsne ek AllcawaRIREAVRA QLY. SRRIPeRisk Rt magetic

A e AR M MBI TS . o
sanBHsmE e setpeeipelispiigetiocass Ofdmdain fhikfacger ahehiny

Process described above, a magnetic disk substrate, a magnetic disk,
B af acdigiedi@dskaendisulge reaganticateaesdinendiskhis BiarsisucBIra is one

R T T
RRyRsRenbenRdfgrammie InlisBaRsesL4RAISD Y RAYHWAS R dCas a

85 (Asker C hardness), the grain size of abrasives to 1.0(m), the

pooizesdal grragm eticOdB K /i) Landitbdiped ddagmetiprBesonel itagd(Pahis makes
(That is, Example 3 in 25 the second embodiment of this invention was

EQ5HRIg 5% @%&Hﬁ@%%ﬁﬁ%ﬂ@&ﬁ&dﬂhﬁéﬁ%%'%ﬁ%ﬂ%s also at an
SGRp g@w&%ﬁé\%@ %é mggpgﬁlﬁ%%ﬁﬁgg%fgte, a magnetic disk, and

a magnet according omparative Example 4 were
manufaggaeg] by the above-mentioned manufacturing method except that
the polishing conditions of the second polishing process were set to the
following®dviagioelkc Piskdperite Mensharjustiafiseess Comparative

Exampl%f} ivr\{g(g?psour%%rgga{hé"é g{/g-lﬁngﬁ Gned 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.

[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.
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). (Thatis, Example 3 in
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
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5 of the above-mentioned Comparative Example 2, the processing rate
was set to 0.45(m/min) and the processing pressure to 8.0(Pa). (That is,
Comparative Example 4 was described as Comparative Example 2 in the
first embodiment of this invention.) (Camparison between Example 3 and
Comparative Example 4) 10 The shape7 &f an extreme portion 15 present
at the periphery of a main surface of each of the magnetic disk substrates
manufactured as shown in_Example 3 and Comparative Example 4 was

ARG5uEiag Iy GRETBRGHAYR > f0y853 (RFSHaEiEatdy dheurtace
o -Hw%ﬁ@&ﬁg‘érrﬁ%ﬁéﬁdgiﬂﬁ@fﬁé}ﬂB‘a g%%%%%@ﬂﬁg ‘Ti)sRHB%%régitions of

periphery of the main surface € magn isk substrate, anop

iRteEeteneepEARR) phads S wasyed hparesiovidptitdatitaifadiveeshecific
by Phase Shift Technology, Inc.)) was used. As a result, it was found that

pedishiopoestitisigpe Slampagrisedokamplesionesassie thahdike in the case
omparative Example 4 was a skj-jump 20 shape, And from this

S RN PV b T L GETELS ol RO SORIEN TapitRaset t

SSIR RTRPS PR R RIS RS BlASSS B (1BsS, WashAIGaS Bisihparative

Further, in order to examine the displacement of the position of the vertex

Extrapliect wées eletialritieectio rl; theppositenofamplefdx thadinskasuvediraent of

12 points in total by rotating the glass substrate per 30 in the
HiR iRYRIERRA! 25 direction. The results in this event are shown in Fig. 6.

Fig. 6 is,adi f ' i ition of

the exriaa oo SR EXHe & AR S Y

result, asishewaps bitrbeitsasd portohattipecdre methe pierpHe fpionedmain
at the periphery of the main surface of the magnetic disk substrate

siedarfiry eREanible Mmagreliegisl avbpirtsmmasslyfamiusamashsbrivA in
SBT3 E oM aralive EXGmle A whd TRepectEa By e FaIfING Miethod.

[0222]

(A) Specification of Surface Shape

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
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 circumferential direction, the position of the vertex was measured
at 12 points in total by rotating the glass substrate per 30° in the circumferential
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]
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5 located in a range of 0.2mm with respect to 30.6mm from the center of
the glass substrate. On the other hand, in the case of Comparative
Example 4, it was found that the extreme portion 15 was located in a
range of 1.4mm with respect to 30.6mm. [0224] 10 The circularity of the
magnetic disk substrate according to E ample 3 was 0.40(mm) and the
concentricity thereof was 1.07(mm). On the other hand, the circularity of
the magnetic disk substrate aqcording to Comparative Example 4 was

2.60(mnSah e eSS EMMETthideBr (h4€S, ajhe rRpRIBEROMEN 19

e PR 3 G R O T e U R Sbstrate
Boconditegtiol 622ph (B )3-wad/Idoliad Aeappripaiteen thdamanyderiorng

the magnetic disks in which a magnetic layer was 20 formed on the

(disimece) asiceebstiane sheceeriaigicirxalapiessksitate angasasaiically, was
xample 4, the magnetic disk devices we nufactyred, and a

R FEOPR AL SO (oRRACHE PRI Ghe ShF Rt o the
RRAA RS BPite B EYIRSRLIBNIR SageortiaiiRRdivE SRR 4, it
0 10nm. As a result, no crash occurred even by repeating the

Voas! fonlod dhzh the0exdenienpsriiothé & ases dd Eataah plea3.anbdeofit théncaswith

of Comparative Example 4, a crash occurred when the load/unload was

rePReEELPe¥EI imes. In Example 3, in the case of a rotational speed of

5400rp %?% 7200rpm, no crash occurred even by repeating the
load/unloa 1)00000 times. 73 [0226] Further, despite the offset values

were apprexiietedyrithesareriaghsao@isk:abstfaaspesatiie Frxampiendle 3
a crash failure occurred with the structure of Comparative Example 4

waef 4 maneandveeeneaniteity thereof was 1.07(mm).  On the other hand,

the circularity of the magnetic disk substrate according to Comparative Example
4 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
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
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
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/unload 1000000 times.
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5 high-speed rotation. On the other hand, no crash failure occurred with
the structure of the Example. This is presumably because even if large
(not small) ski jump is present, since the circularity or concentricity is high
(value is small), the change (roughness or undulation) of the substrate
surface in the circumferential direction f&small. Further, as a result of
many tests, it was 10 found that the circularity was preferably 600m or
less and the concentricity was preferably 1200m or less. [0227] From this
result, itl2<&4n to be important that, as in this invention, the radial

i, il . nvention, the raci
st PO rEaER L D By PR B Qe e

Exbatisite darrpOsHipaialydEexaaipeia theceishmfiRirnbatdiieeliainh the
[0228] (C) Influence of End Portion Shape Next, the influence of the height

i uetlestad e poRIGH VIS Irxainepl20iciybem alisitaleitevascgyded out at

ined. A inati fthe infl f the ch i
iRt afian, iR as AURERaNsh OR SEaeh, iU RSt e
SHRSHRE N BIER AR Tediar H%SiEWégJH%SW'@éﬁﬁl%%r(Yielﬁ?@‘eO{r{B?small)
raised portion) 15 of the offset portion 14 preSent at the periphery “of the

skajoreprfagradaht giass Hubsiratdastgmproanoatetcityeisaimb iivahesas small),
circumferential direction (Example 3 described above). Further, another

thaghanogisioyapsestean WHW&M%HEH&%HWF@F@ SPERCORREN the

heuEreRal Sechen 1o SRl SARILF L AR aIP T e S, e
rubsiratatahé4ilcampsr aive drstsritdyBoasrmanidastaneciy setitemtheity

processing pressure and the processing rate in the final polishing process
YRS aereplyiAAHBSer ilg$8e above-mentioned Example 3.
Specific‘fdfut%ywe magnetic disk substrate of Comparative Example 5 was
manufa d]by setting the hardness of

From this result, it is seen to be important that, as in this invention, the
radial position 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 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
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 periphery
of the main surface of the glass substrate is approximately the same in the
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
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5 polishing pads to 85 (Asker C hardness), the grain size of abrasives to
1.0(m), the processing rate to 0.60(m/min), and the processing pressure
to 12.0(Pa) like in the case of the above-mentioned Comparative
Example 1. (That is, Comparative Example 5 was described as
Comparative Example 1 in the first embodiment of this invention.) 10
Then, in order to examine the change in height of each glass substrate in
the circumferential direction, the maximum offset value of each substrate

bemearniive EARRY soirs ManHiaalrdiby sedifkhiiye trocessing pressure
i ¢ . .
g@ijefrfm*gﬁgée%ésﬁ]a A ﬁl%'ﬁn?'lg?(‘?l}s%lrﬁzbc %&%ﬁgﬁ%é@%f%ﬁ those

it was possible To see ange of the extreme

pottie aBSVEmeetiahtie Exapesielmry sptwiiawip, shefasagridhie dilgssubstrate

substrate and having heights that differ in the circumferential direction.

efcvampacativadrmperh wascerreriaciuied iyssettingdne Sarenesswhm

R1) and 31.5mm , respectively, and, as a measurin aratus, u
RS R SRR A RRE e e o AV B AR B D ).
(prreasmAmbRU b DARE ST ieleaingdlocdld fenolopa)
position of the vertex was measured at 12 points in total by rotating the

itass shestese picthdCaivotres wiecuinhee Gahpaeation BMartah igThat is,
narrow in measurement range but high in resolution as compared with

Epmpaiaivs RamRISHvef52305cobethas i ampaiatia miamela vdnthe first
%ﬁg&#[ﬁ%bﬁyotpﬁ]gqﬁvgﬂngﬂtjoned method represents the magnitude of
the offset

etween the above-mentioned straight line connecting R1 and

R2 and theevieitesrtionesaarientorivatae abeyighnenteradraiesubstrate
portion. The results are shown in Fig. 7. 75 [0230] As shown in Fig. 7, the

thiligyeiieuneigreriahdiigieiiensubstraaximume ofeainedvertipane sibisicate
SR SRR AR, SSRRBRE BB emen
range (R1, R2 in Fig. 2) of the maximum offset value was determined so that it
was possible to see the change of the extreme portion 15 formed at the
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,
Inc.)). Then, the position of the vertex was measured at 12 points in total 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]

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.
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5 2.86nm, while, the change difference in Comparative Example 5 was
16.10nm. [0231] After manufacturing the magnetic disks in which a
magnetic layer was formed on the magnetic disk substrates according to
Example 3 and Comparative Example 4, the magnetic disk devices were
manufactured, and a 10 load/unload tegﬁwas conducted. Specifically, the
test was carried out in two cases with a disk rotational speed of 5400rpm
and 7200rpm by setting the flying height of a recording headto 9to 1
Onm. [0 iaJO]As a result, in the case of the magnetic disks according to

Exampl rati 4. .nn.C (o)

repeatraue L o 1005 00 et QeiBR e SRR ne
SHAEGTHBY WL cRsRESNes KRdNag IRk Db eowpRdEHkamatard, a
crash occurred in a load/unload test of 2000000 times. [0233] 20 From

FesneaiativeiExeewie be psgiietdiabie iahengs difierertier) ih&xample 3 was
netic disk at high speed that the extreme portion 15 be the same |

LR b, DA TR DA ALY G et AR 481 Onm.

of the gl ﬂubstrate. [0234] 25 While the second preferred embodiment

of this invention has been described with reference to the accompanying

drawingfiersmeadfiest tmgdlethegheticdeskim iw/nichlianred tretietay &r was
is obvious that a person skilled in the art can think of various modified

aRAIe8 dhedvReDeicHpc L RAIHAR 8920 iR dBXEMRIE i @Ndms
B S AR5 o AR AR ERIOO DR BRI eg. ana a

scope of this inve |cf)n. [0235 r example, it has been In the
Ri2eVeroeatieRedExatiRicted.  Specifically, the test was carried out in two
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 a result, in the case of the magnetic disks according to Example 3
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]

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]

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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5 that the substrate according to this invention is a glass (amorphous
glass or glass ceramic (crystallized glass) can be used; as a material of a
plate-like glass, aluminosilicate glass, sodalime glass, borosilicate glass,
or the like). However, since this invention relates to the shape of a
substrate, this invention is not limited 1681 material of the substrate and
thus can be suitably applied, for 10 example, even to a substrate made of
aluminum or a material other than it. As described above, however,

6850 ARSSTRELREIRIS RS Fatodersieed g daestnaiupaliasiso belong
%@%%%C?%}ﬁ:%@(%&%% é\%@wﬁ@@im substrate is preferable

particularly Tor a'm vice. " 15 The magnetic disk substrate
accordinjgagspis invention is a magnetic disk substrate having a generally
flat main surface, an end face, and a chamfered face formed between the

main suffat@xaiapies éiasdeeaindaseugs itoihfyakeyeusaniianast Bxample

eriphery of the main surfac ere is provided an offset portion 14
BIISHRALEE AHOTOLR % THCUTRACE, SHEPTan P agHs olass or
griRnenamidherppinisetanssée i ert posiond 4 nspnluausipsed
In the circumferential direction of the main surface, and the position of an
ghetssradu poniomilidateyresti siodabmeagliassbiortsdioffte g [@msioor 1Hadike).
located at approximately the same distance from the center of the

Sluiae S008ANISINYRBIARERIaRAR TeRBPRR tbARuPaTRle. dteinvention
a%%hﬁﬂftga e rms(geﬁﬁgmw Qi ghiFate zac‘H(ﬁfﬁ?ﬁsoéf}wdé%ké?@g%frﬁgglgd, for

magnetic Isk Torme an inne e In Its center or may

eraempldhevenifothisimaritermadecs! thieoifsehnertomdeinfomedipan it.  As
each of the inner periphery and the outer 77 periphery, at least one of the

dersetipestiabeves WN%@@@&BW@B@@%@@"QH&H&?EDW&& su.rface
BB B B R AP e
prepliFa¥articularly for a mobile device.

[0236]

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
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]

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



5 [0238] This invention can be used as a magnetic disk substrate for use
in a magnetic recording medium and as a magnetic disk using it. 78
CLAIMS 1. A magnetic disk substrate being a disk-shaped substrate and
having a generally flat main surface, an end face, a chamfered face
formed 5 between the main surface anfd the end face, and an offset
portion, at a periphery of the main surface, raised or lowered with respect
to a flat surface, other than the periphery, of the main surface, wherein:

a

RAAIMIRN 3Rt r ShieRisIRaBIPRS b roRinlaLs hsiRPRY & ReNtioned
tire circ of, sgi . ic di t

B R 0 DR P e

AP TOREE B HVEDRE he accischigiierantahedi st os-rabatiiadysFripal

positions. 3. A magnetic disk substrate according to claim 1, wherein

lreatriabAppliegb offset portion of said substrate at 12 points per 30

inal5 wésg ferential direction, a change in magnitude of the offset is

5nm or . 4. A magnetic disk substrate according to claim 1, wherein an

extremer RRITIRR MRS HiBE ALNVRSAcS RYiEYR)I 8 ANt AERI RGN a

is located at approximately the same distance from a center of said

swdtpietie r&céydivay netidivlislasdiesdratsagoetdirdisio wsang iL, wherein, in

said 20 main surface, a circularity of a circle formed by an extreme portion

where rising or lowering is maximum in said offset portion is 600m or

less. 6. 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 25 extreme portion where

rising or lowering is maximum in said offset portion and said circular hole

is 1200m or less.
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7. A magnetic disk substrate according to claim 1, wherein said substrate
is a substrate for use in a magnetic disk to be mounted in a magnetic 79
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. 8. A magnetic disk subtrate according to claim 1,
wherein said 5 substrate is 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 5400r;91a'%| re. 9. A magnetic disk
wherein at least a magnetic layer is formed on the substrate according to
any one of claims 1 to 8. 10 10. A magnetic disk according to claim 9,

wherein{a toNGhzgpisiic RSB 1D Sirateoh éisg-aldish-Bragieetis iskrate and
according to claim 9, wherein a recording density is 200GBit/inch2 or

Reyiiegie ganaeiiydiirt angirisvitececaimerediabaha ehaghieiediiace formed

ding, 15 to. fclajms 9 to 11. 13. tic disk substrat
BENG S/ ieR B SaREE ARIoRAVR A A SOHAEL PRR G e, o
FBAPHEIGGIane fREmESLPeRE SR e BRlBwerEawRtRNe P8 &nd st 80Mace,
an offset portion, at a periphery of the main surface, formed with offset

aisrdimaridhve reepitbrie speoetmaifleustatz; eylodnein20 than the
periphery, of the main surface, wherein: a shape of said offset portion is

uniform SVBRENE ki é’iﬁéﬁﬁﬁérﬁi@é)gﬁ%iaﬁ&@@&iﬁeﬁgpi@?imﬁ%@d&ifprm
Q{Fé? WQ%H%%??&%Q%K@%PQ §WRiLAg baving a generally flat main
sur

ace, an end face, and a chamfered tace interposed 25 between the
main sugfac@anddghstindidreribatiateincadiRiprfito QO rRisatEYSn the

respect to the main surface is provided
magnitude of said offset is approximately uniform in a circumferential direction
at arbitrary radial positions.

3. A magnetic disk substrate according to claim 1, wherein when
measuring said offset portion of said substrate at 12 points per 30° in a
circumferential direction, a change in magnitude of the offset is 5nm or less.

4. 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
approximately the same distance from a center of said substrate.

5. A magnetic disk substrate according to 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.

6. 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.

7. A magnetic disk substrate according to claim 1, wherein said

substrate is a substrate for use in a magnetic disk to be mounted in a magnetic
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between the main surface and the chamfered face, and wherein: in plan
view of the main surface of said disk-shaped substrate, said 80 raised
portion surrounds said main surface with an approximately uniform
height. 15. A magnetic disk substrate being a disk-shaped substrate
having a generally flat main surface, ah®nd face, and a chamfered face
interposed 5 between the main surface and the end face, wherein: in plan
view of the main surface of said disk-shaped substrate, a lowered portion

?ﬂ%@@&iﬁﬁtlﬁ’fr@sﬁéﬂ/ hozad Wﬁ%igm’m%@ & Wéﬁ‘ﬁf&i%@@ﬁdﬁl&a%gﬂ‘d
fi S(ﬁi'g’a ?}%@e%{rfé‘d%e AAfh %ﬂﬁ&@&fﬂgqﬁﬁéﬁgﬁd&%"t%dﬁr?"?‘r'éj outer

owered por m said main surface is approximately uniform a
pespitesy. 10 spaced from a center of said disk-shaped substrate by a

predetermined distance. 16. A magnetic disk substrate according to any
one of cfimA Mag)etic digki I sirrigseaerdingdelatalsusaetsi paid

e e e L T
§lakeRdick3addpté ol BRI agitbadRANRIS 1§ AHASHELISISIOS at least
capable of being chemically strengthened and having an ion-exchanged

BeOratavleastra.part of the surface and faces of said substrate, and 20 a
thickness of said ion-exchanged layer is greater at the end face than at

the mairfsufeBRdNE!S el MR IRbIRRTIRERIRG S iR IR:{emed on the
siisiae o esapol labe gce menaoee s

an offsef portiemagieetic pRIkPaACEYAiihadaiim gfaveergisectvithrasnact

to a flat surface, other than the periphery, of the main surface, wherein:
height is 4nm or less.

11. A magnetic disk according to claim 9, wherein a recording density
is 200GBit/inch® or more.

12. A magnetic disk device mounted with the magnetic disk according
to any one of claims 9 to 11.

13. A magnetic disk substrate being a disk-shaped substrate and
having a main surface, an end face, a chamfered face formed between the main
surface and the end face, and an offset portion, at a periphery of the main
surface, formed with offset raised or lowered with respect to a flat surface, other
than the periphery, of the main surface, wherein:

a shape of said offset portion is uniform over the entire circumference of
said substrate.

14. A magnetic disk substrate being a disk-shaped substrate having a
generally flat main surface, an end face, and a chamfered face interposed
between the main surface and the end face, wherein:

a raised portion raised with respect to the main surface is provided

between the main surface and the chamfered face, and wherein:

in plan view of the main surface of said disk-shaped substrate, said
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said offset portion is formed over the entire circumference of said
substrate, and 81 an extreme portion where rising is maximum in said
offset portion is located at approximately the same distance from a center
of said substrate. 19. A magnetic disk substrate according to claim 18,
wherein said extreme portion in the ralR8d offset portion is located over
the entire 5 circumference of said offset portion in a range of 92.0 to
97.0% with respect to a radial distance from the center of said substrate

tBirebRRItamhAETeL S 2RIHADAREHIACS LN ATt HROUMGIR N MPLE,

M/é@het\in, in said main surface, a circularity of a circle formed by said
extreme portion is 600m or less. 10 21. A magnetic disk substrate

accordingto qaiadfe i EEXRubSifh R beirje asiestispdardudstiatéshaving a
center, and in said main surface, a concentricity between a circle formed
aoneral\eflabmaipsuidacenargactiatgapnedie phapueredfaessintgrpesed

netic disk substrate according to claim 18, wherein: 15 said offset
R 542 ASHG SrRA IR A0S ARPraUBERT (o he ot surtace,
other thaq {Sihfh REERNShO el SiRRceHbRCS ISRk HAB N d(Hsiryer'ag
formed at the periphery of said main surface, and a magnitude of offset in

e IEfts po ot dovie egrprakimnesgly ol ndaaviarintberéateescicoumeteierzceircular
of said substrate. 20 23. A magnetic disk substrate according to claim 22,

WiReiRe Y ea SBifs B teHaGecABREIR FhagHRieE BiesarnereeRth of said
Fb@v’gr%ﬁ'@%%ti8?{:&%FH%ﬁ%‘i’ﬁ&ﬁ%ﬁ’é&@%%M@iﬁé&tﬂ%ﬁaﬁv@%ns

sal strateisa s ate 1or use In a magneti 0 be Ina

spreeeticofisk caviee oif salaatisurdorp &psubsirateoy B pesesiehaaks
loaded and 25 unloaded with respect to a main surface of the magnetic
dislaff®ugh its outer periphery.

16. A magnetic disk substrate according to any one of claims 1, 13, 14,
and 15, characterized by being a substrate for use as a substrate of a magnetic
disk adapted for a DFH (dynamic flying height) head.

17. A magnetic disk substrate according to any one of claims 1, 13, 14,
and 15, wherein:

said substrate is a glass substrate capable of being chemically
strengthened and having an ion-exchanged layer at at least a part of the
surface and faces of said substrate, and

a thickness of said ion-exchanged layer is greater at the end face than
at the main surface.

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

said offset portion is formed over the entire circumference of said

substrate, and
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25. A magnetic disk substrate according to claim 18, wherein said
substrate is a substrate for use in a magnetic disk to be mounted in a
magnetic 82 disk device adapted to rotate the magnetic disk at a
rotational speed of at least 5400rpm or more. 26. A magnetic disk
wherein at least a magnetic layer is forfied on the substrate according to
any one of claims 18 to 25. 5 27. A magnetic disk according to claim 26,
wherein a touch-down height is 4nm or less. 28. A magnetic disk

accordirfft8Arame2BO AR WIREAS ssigify MRtRIHMS R 68 MReirgion is
fé‘c%f%?lr%é %@Qﬁ%ﬁﬁi@?ﬁéﬁg@%ﬁ%@%@%@e@%? Hsdigsubstrate.

19. A magnetic disk substrate according to claim 18, wherein said
extreme portion in the raised offset portion is located over the entire
circumference of said offset portion in a range of 92.0 to 97.0% with respect to a
radial distance from the center of said substrate to its outer diameter.

20. A magnetic disk substrate according to claim 18, wherein, in said
main surface, a circularity of a circle formed by said extreme portion is 600um
or less.

21. A magnetic disk substrate according to claim 18, wherein:

said substrate has a circular hole in its center, and

in said main surface, a concentricity between a circle formed by said
extreme portion and said circular hole is 1200um or less.

22. A magnetic disk substrate according to claim 18, wherein:

said offset portion includes rising and/or lowering with respect to the flat
surface, other than the periphery, of said main surface, said rising and/or
lowering formed at the periphery of said main surface, and

a magnitude of offset in said offset portion is approximately uniform over
the entire circumference of said substrate.

23. A magnetic disk substrate according to claim 22, wherein, in said
offset portion, a change in magnitude of said offset is 5nm or less.

24. A magnetic disk substrate according to claim 18, wherein said
substrate is 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.

25. A magnetic disk substrate according to claim 18, wherein said

substrate is a substrate for use in a magnetic disk to be mounted in a magnetic
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disk device adapted to rotate the magnetic disk at a rotational speed of at least
5400rpm or more.

26. A magnetic disk wherein at least a magnetic layer is formed on the
substrate according to any one of claims 18 to 25.

27. A magnetic disk according to claim 26, wherein a touch-down
height is 4nm or less.

28. A magnetic disk according to claim 26, wherein a recording
density is 200GBit/inch? or more.

29. A magnetic disk device mounted with the magnetic disk according

to any one of claims 26 to 28.



