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 15development 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 ai%coating a film of NiP (nickel phosphorus)
or the like on a metal substrate made of an alu ium alloy or stacking an underlayer, a
magnetic layer, a 20protective 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. MAGRNET| MBS hBSTACHBNNMERRETNE thickkeasipnd the increase in
recording density of magnetic disks, glass substrates excellent in substrate surface 25 flatness and

substrate strength as compared with the BMA&GMNEH eUBEM&EMEVE been gradually replacing them.
[0003] 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 magnetic recording media, to be mounted in an HDD (hard disk
drive) or the like, there is a magnetic disk. The magnetic disk is formed by
coating a film of NiP (nickel phosphorus) or the like on a metal substrate made
of an aluminum-magnesium alloy or stacking an underlayer, a magnetic layer, a
20 protective layer, and a lubricating layer in this order on a substrate such as a
glass substrate or a ceramic substrate. Aluminum substrates have
conventionally been widely used as magnetic disk substrates. However,
following the reduction in size and thickness and the increase in recording
density of magnetic disks, glass substrates excellent in substrate surface
25 flatness and substrate strength as compared with the aluminum substrates have
been gradually replacing them.
[0003]

The glass substrates with high rigidity are also advantageous in terms



The glass substrates with high rigidity are also advantageous in terms 2 that the improvement in
impact resistance is also required for mounting 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 smaller substrates. As the size of the
substrates decreases, the allowable dimensional error also decreases and thus more accurate shape
processing is required. [0004] Further, following the increase in density of the magnetic recording
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head from a substrate 'has decreased to even m or less. However, w he 'magnetic head flies

over a magnetihgisicwidn suskraneserie o lbw idduadieiohinthanats inraldeieBavidésa fly stiction
failure tends to occur. The fly stiction failure is a failure in which a magnetic head flying over a
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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 i Hgééssary to provide a CSS region (region for contact sliding with a magnetic
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is retreated to the outsi a glass substrate e time o stoppa eis
10 technique, magnetic heads have also shifted from thin film heads to

magnetoresistive heads (MR heads) and to giant magnetoresistive heads (GMR
heads), wherein the flying height of a magnetic head from a substrate has
decreased to even 10nm or less. However, when the magnetic head flies over
a magnetic disk with such an extremely low flying height, there is a problem that
15  afly stiction failure tends to occur. The fly stiction failure is a failure in which a
magnetic head flying over a magnetic disk causes abnormality in flying posture
or flying height, which causes irregular reproduction output changes. If this fly
stiction failure occurs, there may occur a head crash failure in which the flying
magnetic head is brought into contact with the magnetic disk. Therefore, the
20 glass substrate surfaces have been required to have high-level flatness and
smoothness.
[0005]
Further, for effectively using the area of the surface of the glass
substrate, the load/unload type (Load Unload) has started to be employed in
25 place of the conventional CSS type (Contact Start Stop). The CSS 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



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 5applied, 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 type and a magnetic disk using a glass substrate is
selected in terms of ensuring the information recording capacity and improving the impact resistance.
10[0006] In the load/unload type, since a magnetic head passes through an end portion of a glass
substrate, the shape at an outer peripheral portion of the glass substrate particularly arises as a
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outer peripheral portion. 20[0007] Not only an increase in density but also an increase in speed is
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has used a relatively low rotational speed of 42Q0rpm or. the like. In recent years, however, a rotational
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rotational speatbof AIOduTti dinesisteam\ad dogyo ddit al paditigre cind diue &heiidiskrading substrate
center is 14.3m/sec, while, the linear velocigl becomes 18.4m/sec at 5400rpm and the linear velocity

becomes 24.5@%@@&?’?5@@6%%@@%6@ %@ﬁﬁ%ﬂ?@iéﬁ%ﬁ%fﬂ?ét%rﬁéﬁﬂj_@@sh failure -
R described aBboL A R tnocs s required paricutary at the outer
periphergdportion. [0006]
In the load/unload type, since a magnetic head passes through an end
portion of a glass substrate, the shape at an outer peripheral portion of the
glass substrate particularly arises as a problem. If there is disturbance in
shape (rising or lowering) at the outer peripheral portion of the glass substrate,
15 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.
20 [0007]
Not only an increase in density but also an increase in speed is required
for magnetic disks. Conventionally, a magnetic disk device mounted with a
glass substrate has used a relatively low rotational speed of 4200rpm or the like.
In recent years, however, a rotational speed of, for example, 7200rpm or more
25 has started to be used. Further, in near future, a rotational speed of 10000rmp
or more is expected 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



[0008] In recent years, the contact-sliding type recording medium 10(contact-recording type recording
medium) has been re-evaluated. The contact-sliding type recording medium is a recording type in
which a recording head reads and writes in a state where it is in sliding contact with a magnetic 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 15ificreased 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 flyin _hegg[ of a recording head decreases, there is a case where the
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magnetic disk. However, It It sliding co e recor omes a big

problem. Furtheycdhese B4a630/aderabEPothatif thEHe epyeirorheatdnety kiRieos mpessiigy that the

signal quality degrades or the recording head is damaged due to impact upon jumping or landing.

These are all laggelErastibiadiie paRBURNE i top ey st theediskiruinhgasntesk Rertioas the
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0009] Oy ac BN chsrfinedbed AR LRRR YRRy (184005 0RaRA). there has
conventionally been a problemthat when the main surface of a'substrate is polished, the flatness of its
outer peripherpbBmmtion becomes insufficient. That is, a glass substrate is polished by pressing
[0008]
In recent years, the contact-sliding type recording medium
10  (contact-recording type recording medium) has been re-evaluated. The
contact-sliding type recording medium is a recording type in which a recording
head reads and writes in a state where it is in sliding contact with a magnetic
disk. Although the contact-sliding type recording medium itself is the recording
type that has been present for a long time, since the recording density can be
15 increased as the distance between a recording head and a magnetic disk is
reduced, it is again considered to be the recording type that will be developed in
future. As the flying height of a recording head decreases, there is a case
where the recording head contacts a magnetic disk. That is, as a result of
reducing the flying height of the recording head, there is a case where, partially,
20 the recording head makes a sliding contact with the magnetic disk. However, if
it makes the sliding contact, wear of the recording head becomes a big problem.
Further, there is also a problem that if the recording head jumps, there is a
possibility that the signal quality degrades or the recording head is damaged
due to impact upon jumping or landing. These are all largely attributable to
25 unevenness of the surface of the magnetic disk and, as the rotational speed (i.e.
the linear velocity) of the magnetic disk increases, the influence increases.
Therefore, also in this viewpoint, high flatness is required particularly at the

outer peripheral portion.



the front and back main 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
outer peripheral portion of the main surface projects as compared with the other portion of the main
surface) 10called ski jump occurs at the outer peripheral portion of the main surface or lowering (the
outer peripheral portion of the main surface falls in a Sate of being shaved relatively greater than the
other portion of the main surface) called roll-off occurs at the outer peripheral portion of the main
surface. Either one of the ski jump and the roll-off may occur or both may occur. 15[0010] Patent
Document 1:JP-A-20089%91852 Disclosure of the Invention Problem to be Solved by the Invention

20[0011] As desc&'ﬁe[ﬂ deagﬂy& Sﬁlé%(?éuégrd)eesréq}pgqﬂiI%gg%f)b?‘g%mggpqtic disk is a portion where

the flatness is most required becau Inear velocity becomes highest and thus the influence of

unevenness ig J@ge2B0ahes1 BED) resprs higstbernesRrRIRM heomagseltdieabanvihe toge/unioad
type, the 25flatness is also required at the outer peripheral portion of the magnetic disk. At the outer
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good/defective product. [0012] 5However, as a result of manufacturing a magnetic disk, i.e. a hard
disk, moving the glass substrate and the polishing pads while supplying a slurry

containing abrasives. In this event, rising (the outer peripheral portion of the

main surface projects as compared with the other portion of the main surface)

10 called ski jump occurs at the outer peripheral portion of the main surface or

lowering (the outer peripheral portion of the main surface falls in a state of being

shaved relatively greater than the other portion of the main surface) called

roll-off occurs at the outer peripheral portion of the main surface. Either one of

the ski jump and the roll-off may occur or both may occur.

15 [0010]
Patent Document 1: JP-A-2005-141852

Disclosure of the Invention
Problem to be Solved by the Invention

20 [0011]

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

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

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

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



using a 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 10more strictly
setting a management value for defining the above-mentioned end portion shape (more strictly setting
a judgment standard for a good/defective product based on the end portion shape). As a result, the
ratio of occurrence of head crash is relatively reduced§ but still, there has arisen a problem of
occurrence of head crash. 15[0014] This invention has been made in view of the
above-mentioned problems and has an object to provide a substrate highly reliable to prevent the

occurrence of WHLIERIERE SbEMINR ATAGHAIE igisRed ixaamagnRjic d, ARd-sMli8Ble for a hard
disk th - | | otic di i .
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problems, the givedicss eirthisgipplisajsuulisfednid pisniisn to the fact that there are cases 25 where
a head crash occurs and where no head crash occurs even by strictly setting the above-mentioned

management value, atdfi@}e observed the end portion shape of respective substrates. Then, they
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inventors of thig ARPHGAHSM SRV 8 EREGHERAHE ihaesRRRaRd, 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 strictly setting a management value for defining the above-mentioned end
portion shape (more strictly setting a judgment standard for a good/defective
product based on the end portion shape). As a result, the ratio of occurrence
of head crash is relatively reduced, but still, there has arisen a problem of
occurrence of head crash.

15 [0014]

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

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

[0015]

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

25 where a head crash occurs and where no head crash occurs even by strictly
setting the above-mentioned management value, and have observed the end
portion shape of respective substrates. Then, they have found that there is

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



5provide 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 portion of a main surface of the glass substrate so as to be approximately the same in a height
direction perpendicular to the main surface of the glass substrate, and have 10completed the first
mode of this invention. [0017] That is, a magnetig 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 15 formed between the main surface and
the end face, SRYQAVRERRISHHIBHCHNS Bé?fﬂﬁl@??r@ﬁgﬁg‘ﬁﬁiﬁ@tiﬁace, raised or lowered with respect
to a flat surface, other he periphery, of the main surface, wherein a magnitude of offset of the
offset portion is appro>[<|ma ly uniform over the entire circumference of the substrate. 20[0018] In other
words, the structure is[Flrgtaatrigzed tighaigrgiongin 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 surfabe/dhéfietiaauento s el apoteatienmavadound thatntssrrassibientan

25approxjmately unjform height. Herein, "an roximately. uniform height' is such that, for example,
tno Gferchoe PEAIIGHT G358 SHEB B RO BT PAENF SHT Gt S [3BTE108 RBTRTRTD the
above-mentioged SICtHEn [SoPRSABISILIMAIY MR AlatBeaseoh BRYIsHIut:tRe Al peripheral
portion of the magnetic disk substrate. Therefore, the flight posture of a magnetic head is prevented
from being disspdxEticadsticadanty b g e utes guk(iphena ) stiapeabanagmepordisk 6aadnairen if the

magnetic disk is rotated at high speed, there is no Eﬁssibility of contact between the magnetic disk and
the magnetic [F5@SRH AR %&ﬁﬁ@ﬁﬁﬂ?%ﬁ%@% bR GRPTRYIRIE L e SRR Ep8iedPhssage of a

e AR U PSS Ul gt
10  completed the first mode of this invention.

[0017]

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

15 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.

20 [0018]

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

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

[0019]



10portion of a magnetic disk or that the magnetic head is brought into contact with the magnetic disk.
[0020] That is, by causing the height of the raised shape (rising) formed at the end portion of the
main surface of the substrate over the entire circumference of 15the 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 possilﬁe to stabilize the flight of a magnetic head and
thus to prevent the occurrence of head crash. [0021] 20It 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 magnetiCefkING AR herRey_unaaHanEs sirdeliyR; HdntaeepibiRde MIREYRgnetic disk

and the magnegfi y i i e
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portion of the gubstrate at TRdrefdie pric3lidghthe siteooferentighdiiettinm B rhanaediraagnitude of
the offset, i.e. the 9 difference (change amount), in a direction perpendicular to the main surface of the

substrate, in theivBsdisboien parirdalyey the elttrrprRiphesadPEIC g Fateagnptistaially 5nm or
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preferably 'OC%@%%%W&H%F%W&%ﬁéﬁ&e‘d@ﬁtéﬂe%@mégﬁé%ﬁ!‘%a%f 4 MBS R 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 formededialaifity @extrieenentamicecvhéner tie ngatsol ovitbr g e ob deipassagditd affset portion be
located at approximately the same position as the center of the above-mentioned circular hole. This

enables the mMAGUFIE igribe: 'RpgdaIRAe bmsiIdRAlRiD MR PodrRiiyutha tBRARE ection.

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

10  portion of a magnetic disk or that the magnetic head is brought into contact with

the magnetic disk.

[0020]

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

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

[0021]

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

25 the circumferential direction.

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

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



[0024] 15In 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 6001.tm or less. If 4001.tm or less, it is more
preferable. Further, ideally, it is preferably 2001.tm or less. If the circularity decreases (value
increases), even if the magnitude of the offset of the extreme portion is uniform, the magnitude of
20the offset cannot be approximately uniform as seerrin 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 madeyaé)ﬁroximately uniform with respect to the size of a recording

head. [0025] Zﬁﬁfﬁ(@ﬁﬁﬁéﬁﬁ?é‘ﬁﬁsaﬁ‘@i ai”n%l@iWﬁ%@@é?ﬁé‘?%?ﬂ*%@rﬂbﬁrf@ﬁﬁf%ﬁ@ O_f _
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the offset portion and the circular hole is rless. or less, it is more
preferable. Fusisstrisieally ptdseHbiyrefarabi &)1 wainr tessHAHR GANERNtEALE derredses (value

increases), even if the offset of the extreme portion is uniform, the magnitude of the offset cannot be

approximatelyQiniferfiisisnsaganoh titie tvaniies eandpaiesiasedyeatiedahly.concentricity to be within
the above-mentioned @%% however, the 5magnitude of the offset in the circumferential direction can
be made pproximate@ | l)rm with respect to the size of a recording head. [0026] When seen in

a direction perpendiculgy 3 hs{BHB Ak Re SRS bPRINRMN RHRESHARRPAOATHE Stfs@0mm (width

of a pico-slider of a recording 10head) = 1.02mm taking into account the circularity of a circle along the
offset portion aodtihe isipeeséthblydooatsn) dicmnpvattimaselydhie shendislistadicd diopctiba.derdérer
words, when seen from a section of the glass substrate, the change in position of the offset portion

preferably fall SWHiFORFRIE of md’iﬂﬁh"&?ﬁ@%stfﬂﬁtﬁé%ﬁﬁﬁdwﬁ?ﬁoﬂ "GHRARQIBSAle center

and it is preferable that, in the main surface, the center of a circle formed by an

10  extreme portion where rising or lowering is maximum in the offset portion be
located at approximately the same position as the center of the
above-mentioned circular hole. This enables the magnitude of the offset to be
approximately uniform in the circumferential direction.

[0024]

15 In the main surface, the circularity of a circle formed by an extreme
portion where rising or lowering is maximum in the offset portion is preferably
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

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

[0025]

25 The substrate has a circular hole in its center and, in the main surface,
the concentricity between a circle formed by an extreme portion where rising or
lowering is maximum in the offset portion and the circular hole is preferably

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



15[0027] The substrate may be a substrate for use in a magnetic disk to be mounted in a
magnetic disk device of a load/unload type in which a magnetic head is loaded and unloaded with
respect to a main surface of the magnetic disk through its outer periphery. Since the flatness of the
outer peripheral 20portion is high, the substrate can be suitable for the load/unload type. [0028]

The substrate may be a substrate for use in a magnelig 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 25portion is high, even if the magnetic disk is rotated at high speed, there is no

possibility of cBFRERBEMAIONMEOTRRetit HISCOMERNHHSHN SRCIRARPANY IRGESRIRBHity can be
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according to the first mode lon is charac orming at least a magneti
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manufacturing method. This makes 5it possible to manufacture a magnetic disk having high-level
flatness also &eifingLtee sonsretErivitoheoVEinihe abave-erdisinEbEu]dscione \eodeaf this

Invention]. The inventors of this application have found that it.is possible rovide 10a glass substrate
capable o proV B0 Re AR Tl LU VbR reBion can DS HACE

approximately uniform with respect to the size of a recording head.

[0026]

When seen in a direction perpendicular 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 circle along the offset
portion and the size of the recording head with respect to the disk radial
direction. In other words, when seen from a section of the glass substrate, the
change in position of the offset portion preferably falls within a range of 1.02mm
or less in the radial direction of the substrate.

15 [0027]

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

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

[0028]

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

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

[0029]



in end portion shape in the in-plane of the glass substrate, more specifically, controlling the raised
shape at an end portion of a main surface of the glass substrate so as to be approximately the same in
the radial direction of the glass substrate, and have completed the second mode of this invention.
15[0031] That is, in order to solve the problem, a magnetic disk substrate according to the second
mode of this invention has a structure in which the m énetic 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 20and the end face, and an offset portion, at a periphery of the main surface, raised with

respect to a flat surfacENBHRR'EREN RIS IHHEHT SoriRaMRamediG sk MaraatHingrastiRftion is
¢ q = . . . e
omed v Vg R IR AL TR BN D SRR A

maximum in the offs ortion is locate enter of the

25substrate. [@03dhesierdipertorite i BEatinagHsicsitkSUbResIblaiteimy eve the flatness,
in the circumferential direction being a scanning direction of a 12 recording head, particularly at the

outer peripherabpugioreotignechapantiididick mhiritatermartbasiuragligetpodiurd istmakesgnetic
head is prevented from being disturbed particularly at.the outer peripheral portion of a magnetic disk
and, cverst e RO ML IBEAER Bt R ELe b R b B LS L RSch tweon the
magnetic disk Gt maerslisdiesr 8nd Mumbgfatishiibydsn 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 magnet[@0G@@H is disturbed particularly at the outer peripheral portion of a magnetic disk

or that the magnetic head is brought into contact with_10the magnetic disk. [0033] That is, by
causing the radial poslR§FOREHMESRAS tHaRVERRG) formed at the end portion of the main surface of

the substrate over the-Rliig AIGANIBIRARE dReaRHAIR I hRARRIGKIT BB RABISIuENe

10  aglass substrate capable of preventing a head crash by suppressing variation
in end portion shape in the in-plane of the glass substrate, more specifically,
controlling the raised shape at an end portion of a main surface of the glass
substrate so as to be approximately the same in the radial direction of the glass
substrate, and have completed the second mode of this invention.

15 [0031]

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

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

25  substrate.

[0032]

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

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



15circumferential 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 20preferably 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 Fosition of the extreme portion by conventional

25measuremdfCOF ARG AR RRBIELRIYAH, 1BEtREIRKPg0BARGl Porfipthel Al MRERRYS diekcircularity

Smeasue abs . e
prcforanie. 13 EARIAL ey A b SRoiEre o R AR Pt Wl
increases), evegiifghfsmassiysierilarptseiobitersgrpheRItONthuT B madhetvansitude of the

offset cannot be approximately uniform as seen in the circumferential direction. By setting the

circularity to bandtisiviehd HaecvaaneliticirkdsdatRicdatdien sheedatittiedis opthessiedtirothe
circumferential direction can be, made approximatel iform with.respect to the size of a recording
nead. [0036] TR GRERAC e FARAPHO R Tk RO QN s SH e AN S I S othe

concentricity %%%ﬁﬁgg%%ifﬁ?efeﬂﬁﬁﬁé@dmeﬁﬂﬁp%%ﬂﬂfh4896@& 98#@55@@6? preferably

12001.tm or less. If 10001.tm or less, it is more preferable. Further, ideally, it is preferably 8001.tm or
less. If the conuegnidity lieadcasibe (valde Moashlyes), e iEthe plissibdftyhinaixthenfiggportion is
uniform, the magnitude of the offset cannot be approximately uniform as seen in the
posture of the magnetic head is disturbed parficularly at the outer peripheral
portion of a magnetic disk or that the magnetic head is brought into contact with
10  the magnetic disk.

[0033]

That is, by causing the radial position 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

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

[0034]

In the main surface, the extreme portion of the raised offset portion is

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

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

[0035]

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

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



15circumferential 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] 20The 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 chdmfered 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 25surface with an approximately uniform height. It is preferable

that the m‘a‘gnﬁ&’(ﬂg‘@f’ toeahsdt Eeoé%f&"&til%é’tgﬂl*ﬂh%llﬁﬁﬁ thié W&GW@@HM:Q%@F@@@&% at arbitrary
il positiong, Since 4 mA0stc e 3620 A MaERSasiskymalny inds Flsurgrapraldirection.

contact betwe e magnetic agnetic head can be more pre y setting the

magnitude of ihgifolisette Peaapmieidditely ortetpdnibesdrappiexrntiad fiettinm Hewden in
"approximately uniform” is preferably 0.02mm + 1.00mm (width of a pico-slider of a recording head) =
1.02mm takinghateirgssaiaiente dieciietlarBy Isatitpibaiairewaviéyiechgoriaindhge and the size of

th ing head with to the disk radial direction..[0038 Nt t portion, th
change P ma RSP UIE BRde 146 He UhYtelaE (aRaH b 4n o5 ivablon perpendiouia to
the main surfage.afHetaraRFiiBo N (AR BESRLRR BRI MmN ANa it RERRGa LtrBe

substrate, is preferably 5nm or less. With the change in this range, the effect of the second mode of
this invention s&elwé abvegoedingdreaeliably. [0039] The substrate may be a substrate for use in a
magnetic disk to be [0036]

The 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 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 offset of the extreme portion is uniform,
the magnitude of the offset cannot be approximately uniform as seen in the

15 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]

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

25 surface with an approximately uniform height. 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



15mounted 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] 20The 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 rbtational 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 25head and thus

the reliability dhe HeAgnels _.fﬂdee Mofig, RrRYSE P%ti%tgﬂg_éﬁﬁr_mﬁ@@ﬁi@eisk |
manUfaCtU”ngofﬁf‘&éPf@@&%‘éﬂlg%#ﬁ’a ftﬂ% i ?&%q}?ﬂ%?éifgslﬁég%%?ﬁ%ﬂ)@%g@@gteweer%iRy forming at

15 least a magnetic layer oh'a surface magnetic y the above-mentioned

magnetic disk'sylpstirie apUiafbiringisadedadipio mRkes it paRSHIe twiananorachice-alimagnetic disk
having high-level flatness also at an outer peripheral portion of a main surface thereof. SEffect of the
Invention [0042f @ recaiciogdieq®h thé-firinmdakiag tmoiaceatiohbrls iessimelasitthpeive ihe flatness

of particularly the outer peripheral portion of a magnetic disk substrate. Therefore, the flight posture of
o magnett hell B ILARERH ARy GEIRP RaL RN a2 EFRP A PRRE YL REPE bion of
magnetic diskippdyiekeadidngiraagsstic 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 pd8€88§} of a magnetic head in the load/unload type, there is no possibility that the
flight 15posture of the magnetic head is disturbed particularly at the outer peripheral portion of a

magnetic disk or that tHetAfagHeetrrEtAns HR GHANIRJITAIASRIWAR fidnaflisstc @ske

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
substrate, is preferably 5nm or less. With the 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

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

[0040]

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

25 head and thus the reliability can be enhanced.

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

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



[0043] According to the second mode of this invention, it is possible to improve 20the 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 8 possibility of 25 contact between the magnetic
disk and the magnetic head and thus the reliability can be enhanced. Further, also with respect to
passage of a magnetic head in the load/unload type, there is no possibility that the flight posture of the

magnetic headfHidtI1BERARYPAR & BveBEtP o MARNSTIA iRl RINPSHRICRREHBERE B¥S: that the

magnetic head js.bro | ith & i ﬁ ' iRfjon.of the. ings
AR L R b RV e R
explaining theicpsesitier thr et owriiéon slapr ot digiabagiig dirihsievelrataris s Wsiatmahape, and
Fig. 1 (b) is a diagram used for explaining a feature of this invention and is a diagram explaining the
case 10whereatieepariias prsjirncifarmajnaivigier tigiehte is a roll-off shape. Fig. 2 is a
diagram ysed fqr explajping a feature of this invention and is a diagram explaining a maximum offset
value from a s ?g‘ﬁtqmﬁ%g%%%ﬁ%@ two arbitrary points in the end portion shape of a magnetic disk
substrate. Fig. 3 is a digg used for explaining a first embodiment of this 15invention and is a
diagram showing the results of measuring the maximum offset value from a straight line connecting
two arbitrary points in fiezerdinpitidhesfiegterafce roatmeiicveisikasubsisgpessible to improve the

flatness of particularly the outer peripheral portion of a magnetic disk substrate.
Therefore, the flight posture of a magnetic head is prevented from being
10  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
15 posture of the magnetic head is disturbed particularly at the outer peripheral
portion of a magnetic disk or that the magnetic head is brought into contact with
the magnetic disk.
[0043]
According to the second mode of this invention, it is possible to improve
20 the flatness, in the circumferential direction being a scanning direction of a
recording head, particularly at the outer peripheral portion of a magnetic disk
substrate. Therefore, the flight posture of the magnetic head is prevented from
being disturbed particularly at the outer peripheral portion of a magnetic disk
and, even if the magnetic disk is rotated at high speed, there is no possibility of
25 contact between the magnetic disk and the magnetic head and thus the
reliability can be enhanced. Further, also with respect to passage of a
magnetic head in the load/unload type, there is no possibility that the flight

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



Fig. 4 is a diagram used for explaining a first embodiment of this invention and is a diagram showing
the results of measuring the radial position 20 of an extreme portion when the end portion shape of a
magnetic disk substrate is a ski-jump shape. Fig. 5 is a diagram used for explaining a first embodiment
of this invention and is a diagram showing the results of measuring the maximum offset value from a
straight line connecting two arbitrary points in the end Bortion 25shape 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 BRI B RIRAEN I Ak AnihahEemagnetis Beaddsdrravatt ﬁpe%ﬂﬁﬁﬂﬁb"g‘second
embodiment Q{htgi%%ﬁ/ﬁéﬁpaig&ld is a diagram showing the results of measuring the maximum offset
value from a straight fine connecting two arbitrary points in the end portion 5shape of a magnetic disk
substrate. Description of Symbols [0045] 10glass substrate 1011main surface 12end face

13chamfered face 14offset portion
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 the 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 a maximum offset value from a straight line connecting
two arbitrary points in the end portion shape of a magnetic disk substrate.

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

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

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

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

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

25 shape of a magnetic disk substrate.

Fig. 6 is a diagram used for explaining a second embodiment of this

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

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



15extreme portion 15 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, 20materials, 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] Hrst, referring to Figs. 1 and 2, a description will
be given of an "offset 25portion”, 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
18 shape eaclSR#Y BRBRX8ARSe of the end portion shape of a magnetic disk substrate. [0049] The
above-mentioned maﬂﬂg%%féstﬁ g UG, 40075 BRkiiNgRs AR dABISSMATY 3y lar hole in

its center. As shown i magnetic
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

5 shape of a magnetic disk substrate.

Description of Symbols

[0045]

10 glass substrate
10 11 main surface

12 end face

13 chamfered face

14 offset portion

15 extreme portion

15
Best Mode for 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,
20 materials, specific numerical values, and so on shown in the following
embodiments are only illustrative for facilitating understanding of the invention
and are not intended to limit this invention unless otherwise specified.
[0047]
First, referring to Figs. 1 and 2, a description will be given of an "offset
25 portion", an "extreme 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



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, respectively. Since it may happen that the boundary 10 between
the end face 12 and each chamfered face 13 becomes unclear by a later-described end face polishing
process, this invention also includes a case where thd&nd face 12 and the chamfered faces 13 on
both sides thereof cooperatively form one curved surface. [0050] 15Since each main surface is the
region for recording/reproducing information, it is substantially flat for allowing a recording head to fly

thereover. HoRB3BE GRENIRIRNPAG GEHIRIR QSRR slERritioIchare mia Rrabatitslisk: is, for

example, raisesqjﬁ#;[lt%\@/eered with respect to the main surface of the glass substrate as compared with a
central portion of the main surface is formed at 20the periphery of the main surface. This offset portion
14 is formed on each ghdag)nner 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 25pEfip oY BIEOH @1eRamAgIRctigrtisl 3ubstraised) asi@ dislsisbaparard. 1 (b),

10052] 15 S E OIS A BRI 1 B 2 RS SR EhE Lo AT Koftee value
from a straightifle SHUIRAENI WA HRIRSRAEES. THhaldewin Ralonfsmplemented by using the
straight line connecting the two arbitrary points as a reference plane and measuring the magnitude of
an 5extreme pexandibf/feEvdducingifsgioraya) leeid decendRipenpepdicttrrisitigeomiaivwering as seen
from the refer%r&%eagleasn? 1, and chamfered faces 13 interposed between the main surfaces
and the end face, respectively. Since it may happen that the boundary
10 between the end face 12 and each chamfered face 13 becomes unclear by a
later-described end face polishing process, this invention also includes a case
where the end face 12 and the chamfered faces 13 on both sides thereof
cooperatively form one curved surface.
[0050]
15 Since each main surface is the region for recording/reproducing
information, it is substantially flat for allowing a recording head to fly thereover.
However, in the manufacture of the glass substrate 10, an offset portion 14 that
is, for example, raised or lowered with respect to the main surface of the glass
substrate as compared with a central portion of the main surface is formed at
20 the periphery of the main surface. This offset portion 14 is formed on each of
the inner peripheral end portion side and the outer peripheral end portion side of
the main surface of the glass substrate.
[0051]
As shown in Fig. 1 (a), the ski-jump shape is a shape such that an outer
25 peripheral portion of the main surface 11 is raised, while, as shown in Fig. 1 (b),
the roll-off shape is a shape such that an outer peripheral portion of the glass

substrate 10 is lowered.

[0052]



[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 10arbitrary points R1 and R2, within that
range. 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 is included
and the maximum distance from the straight line conﬂ@cting the two points is located on the extreme
portion 15 side. 15[0054] Specifically, when setting the above-mentioned two arbitrary points R1
and R2, in the case of,_for example, a substrate having an outer diameter size of 2.5 inches (outer

diameter 65mmo0), it ish (1s3iBROWSRAPAAPIROH RSN B T A RS RIRBIVI HEIRMRS substrate to be

29.9mm (R1 R ey i | th
conter of the R LR e A o B T iy
points as two RiRks @IARARIAGE PhPhad@ PPE’iag T ialtpmithe eemniecongmeungirate. And

the offset portion (raised portion or lowered portion) 14 of the magnetic disk substrate exists between
these two poirfRiDaRSHNRS @fopsifersiice ptanefantenaasyiing teataeghitiedeudlstrate is a region

hi tic head flies. [0055] In th bodiments described hereinbelow, risi I '
formed 26 wiftLEPECOR (RE 10, CUPALI G TATFHE orBHen) 7 TR TSP L0 RS GRS perpnery
thereof as deq%%g%/gé@w ReHaneralhsrefpiEssldpas "offset” with respect to the flat surface of

the main surface. And a portion formed with this offset will be referred to as the offset portion 14 As

seen by referring to 5EAA53] and 2, the position exhibiting the maximum offset is the extreme portion

13- [0056] [First Emboggmsehrg%vn 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 range. 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 is
included and the maximum distance from the straight line connecting the two
points is located on the extreme portion 15 side.

15 [0054]

Specifically, when setting the above-mentioned two arbitrary points R1
and R2, in the case of, for example, a substrate having an outer diameter size
of 2.5 inches (outer diameter 65mmo), it is possible to determine the distances
from the center of the glass substrate to be 29.9mm (R1) and 31.5mm (R2),

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

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

[0055]

In the embodiments described hereinbelow, rising or lowering formed



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 thereby provide a magnetic disk that can prevent the occurrence of crash failure even if
rotated at 15 high speed, the inventors have found that the state of ski jump or roll-off differs at
different positions in the circumferential direction evetn the same substrate, and have completed the
first mode of this invention described before. [0058] That is, also conventionally, it has been judged
before shipping a glass 20 substrate whether the glass substrate is good or not by measuring the

shape of a peMiiierapperidn the il iriarr OtasthantitRiBReIPh s AritasHfaaRtow cost
din - e ot b e 4 "
(ostructive 1 Lo R e S G B e TR SRR AS B

€s are extrac roma em IS measured at only a

single positionfhrresipédddtthasiabbasadewidibahareslffamanetadisksortienianvwiagiwned using
the glass substrates judged to be good as a result of the measurement, there are cases where the

number of gla$iisosehwd frelgetetehdearthivoiised plitioteddis |Ag st yHeletheoi®mber of
glass substrates judged to be defective by a. 21 glide test is small. [0059] In view of this, the
ventors have b &6 Bd BRsHTLa SHEhLR RERE TR NE 08 X B ICHDR s
measured at g glurality of Spositions 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 pd68&éjan 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 10exhibited FRFEOPREFRIHY, it has been found that when a glass substrate in

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 thereby provide a
magnetic disk that can prevent the occurrence of crash failure even if rotated at

15  high speed, the inventors have found that the state of ski jump or roll-off differs
at different positions in the circumferential direction even in the same substrate,
and have completed the first mode of this invention described before.

[0058]

That is, also conventionally, it has been judged before shipping a glass

20 substrate whether the glass substrate is good or not by measuring the shape of
a peripheral portion. However, since glass substrates should be manufactured
at low cost and in large quantities and since inspected substrates cannot be
used as shipping products (destructive test), some samples are extracted from
a lot and each of them is measured at only a single position thereof. And it has

25 been found that even if magnetic disks are manufactured using the glass
substrates judged to be good as a result of the measurement, there are cases
where the number of glass substrates judged to be defective by a glide test is

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



which the magnitude of an extreme portion 15 formed at the periphery of a main surface of the glass
substrate, in other words, the maximum 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 15into a magnetic disk device, no head crash occurs. [0060] Therefore, in this
embodiment, the offset portion 14 formed with the offéét 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 20in the offset portion 14 is made approximately uniform over the entire circumference of the
glass substrat@8/if§ i8sbigei0Rlkds, the main surface 11 of the glass substrate 10 has, between itself
and the chamfered faC@O offset portion 14 raised or lowered with respect to the main surface and,
in plan view of the mam surface of the glass substrate, the offset portion 14 surrounds the 25main

surface with an approximaéalyos tifie;rthesigrsnidis ald meascalrtaieesketimationGldNext, a

description will be given of a manufacturing method for 22 manufacturing the magnetic disk substrate
according to thig\enipuathieat ioesrihe i@ petidanshepeds anersureaudaemletriityoRigh various

details, will b ibed later), byt wh facturing th tic, disk Ssubstrat
Pecorcingito HE SRS AT e LR SRS PO RCLBCHLIRY HEERBL B Reb Aot porin

(raised portionsQt IQWESaHRIMIPE LikfbAHEISRBINSFAIIROPIYBHNE M8 BUERIB M ARRAEpately the

same distance from the center of the glass substrate, particularly a final polishing process (second
polishing proctss) leasomes\vienpior tast cédecth ar [ misepassien & fmspedtain Gvhe periglhssl
portion of the main surface or whether the lowered portion lowered with respect to the flat surface is

formed at the BURBHBIAIBAEHAILY tRETIRLIINGALREIBISHRb AR UBRIRRIEEEY B Bolishing
conditions of t%@@g@%ﬁ%&%ﬁ&%ﬁﬁéréﬂé'bec,fé?&g‘%ﬁgr%%%“&&&?e@ﬁe??&ﬂ%%% o5 iRepisg the

raised portion escr
10 exhibited. On the other hand, it has been found that when a glass substrate in

which the magnitude of an extreme portion 15 formed at the periphery of a main

surface of the glass substrate, in other words, the maximum 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
15 into a magnetic disk device, no head crash occurs.

[0060]

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

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

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

[0061]

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



15[0063] The required height of the raised portion has been much more reduced following
improvement in storage density and most of factors that determine the shape/magnitude thereof
depend on the polishing conditions of the final polishing process. 20[0064] Many of various
polishing conditions in the final polishing process affect the shape/magnitude of the raised portion, but
among them, particularly the processing rate (proces %g speed) and the processing pressure affect
them. [0065] 25Hereinbelow, 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 pBI&H: HRgdbe AnasetifrdigtotrDRtrRIg GRENRE iRt £ BedIAY: polishing

machine. For 23 exar&% e final polishing process may be applied to the glass substrate using a
single wafer type polishing machine. [0066] In the final polishing process, the glass substrate is

polished by SrelativelyxiaxiecpelisiBiogutrtaantt the olaastavbstiateuyhilapmssing deg sishing
pads onto both main surfaces of the glass substrate. In this event, the machining amount per unit time

is the processifi§taite wiboe &l psesbe Iptessibgt v elaiasubrtibting tihe megeeitndi$itessure. [0067]
A A S e B B
e VBB 5 SOBEp p PSB e o
peripheral portion of the main surface at approximately the same distance from
the center of the glass substrate, particularly a final polishing process (second
polishing process) becomes important. Whether the raised portion is formed at
10 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.
15 [0063]

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

20 [0064]

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

[0065]

25 Hereinbelow, a description will be given of the final polishing process
that polishes main surfaces of a glass substrate using a planetary gear type
polishing machine. It is needless to say that the final polishing process can be

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



15disk (065mm), 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(.1,m). 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] 20For manufacturing the magnetic disk substrate according to this embodiment, it is
preferable that, after polishing the substrate at the pr@g’essing 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 polishira%process. Particularly, it is

25preferable tRARMBIBOIRGIRAbRASNES BIRERIAIBNISGRRISHJD A’ GRS sRUPEHRIQHSITalf the
polishing timeé)gm%iggkr}aqépaﬁ%bggl%tﬁiﬁé ﬁtﬁ%éﬂﬁi processing pressure. This makes it possible to
nd portion"shap

reduce variation In e In the circumferential direction. 24 [0069] For manufacturing the
magnetic disk substrafe@geprding to this embodiment, it is preferable to obtain a magnetic disk glass
substrate by, after applying a chemical strengthening treatment to a glass substrate capable of Sbeing
chemically strengthen&tl [ fistihgolighingupraces ot glapsteatesivateeis thelisheshierl strengthening

treatment_(ion-exchange treatment) is applied, there is a case where the end portion shape becomes
rougher than FEIFYEY T RORLALS 70, B AR At ARG TR Bt M enape n the
circumferentighdigefig aBy BeiN mARISHIRadEe BMABL LSS appbipgdhe Harheavent,
strengthening treatment, it is possible to produce, at high yield, magnetic disk glass substrates with
reduced variatioe masningogtEmcineiyeeinuhi thmeuis fitie priat eds otjorat @ laa d s (relssriate subjected
to the main surface polishing treatment after the chemical strengthening treatment is a glass substrate

having an ion-@5eSingdaa dass eHPRIRIEIS Hie Rraressinarigssure.
[0067]

10 For manufacturing the magnetic disk substrate according to this
embodiment, it is preferable that the processing rate be set in a range of
0.20um/min to 0.45um/min and the processing pressure be set in a range 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

15  disk (665mm), it is possible to set the hardness of the polishing pads to 85
(Asker C hardness) and the grain size of abrasives to 1.0(um). If polishing not
satisfying the above-mentioned conditions is carried out, there is a possibility of
degradation of the end portion shape or breakage of the glass substrate.

[0068]

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

25 preferable that the polishing be carried out at this low processing pressure for a
time about half the polishing time of polishing the substrate at the main
processing pressure. This makes it possible to reduce variation in end portion

shape in the circumferential direction.



15surfaces 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 20reducing the
roughness of the main surfaces. Particularly, the substrate surface roughness required for the recent
perpendicular magnetic recording system has been s?g%ificantly decreasing than conventional. In order
to satisfy this requirement, it is preferable that the glass substrate be subjected to the main surface
polishing treatment after the chemical strengthening treatment. 25[0071] The surface roughness
Ra of the magnetic didRLBBktrate according to this embodiment, measured using an AFM (electron

microscope), is prefer%éﬁﬁﬁ%ﬁgﬁ?mg%[g o di S{%ﬁ%@ﬁﬁ%%%i%nt&%n?ﬁgneﬂC disk

substrate according to en performing iNg using-a planetary gear type

polishing machin@odienerationspiefeeabretd thbtaitritsraxineniaithsksgiacd sliosheayiey,aiftbthe orbital
rotation speed of the carrier orbiting in the machine also becomes important. [0073] In the planetary

gear type, a pRipalyinergeRensicesstirrothenag icgieeattied Dlrgs pausirig pansklieeressed onto

e Ao e % LM IR A S SPEE R D iatte, the dlaos

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

0.15nm or less.



are polished when the carrier orbits while rotating on its axis. That is, the directions of the relative
movement of the glass substrates and the polishing pads are random and thus are averaged, but have
no relationship at all with the circumferential direction of the glass substrates. Thus, ski jump or the like
15formed at the outer peripheral portion of each glass substrate has variation in radial position and
magnitude at positions in the circumferential directior??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 20rotation speed of the carrier within a range of 0.125 to 8. If polishing is performed under a
condition exceeding t @%%be the shape of ski jump (raised portion) formed at the periphery of each

glass substrate is ofte&wmaﬁ%&}nwﬁgﬂfggﬁg 8I (ﬂgﬁ h%%h[g%@é%%%nﬁ@éd; lﬁ])g magnitude

(height) of the offset varies in the circu direction when seeing t Strate in a

direction perpengidaninthaieaipsHoanmhgfiithel gorshabsisaie, Spratetueytinahctigrges occur when

a magnetic disk rotates and a recording head (magnetic head) makes scanning, 26 so that the flight of

the recording n@aahimme@bimstﬁﬂﬁéeIatiwwhbhﬁﬁgmﬂwemﬁmwmiwm @hagnitude of
the offset_a head crash curs E%ﬂ Ialnt in detail, when. a recordin ad flies over a
meamote Sk A RGO R AP BP ErRH B GATEE CREOY TS TTRCHER G el
(gentle), the r%gmgym%{ollow 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 preferg@®0¥8jode when the head flies at high speed. 10[0077]

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 glass 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 and thus are averaged, but have no relationship at all with the
circumferential direction of the glass substrates. Thus, ski jump or the like
15 formed at the outer peripheral portion of each glass substrate has variation in
radial position and magnitude at positions in the circumferential direction.
[0074]
In order to reduce this variation in the circumferential direction, it is
preferable to set the ratio between the on-its-axis rotation speed and the orbital
20 rotation speed of the carrier within a range of 0.125 to 8. If polishing is
performed under a condition exceeding this range, the shape of ski jump (raised
portion) formed at the periphery of each glass substrate is often disturbed in the
circumferential direction.
[0075]
25 Then, if the magnitude (height) of the offset varies in the circumferential
direction when seeing the glass substrate in a direction perpendicular to the
main surface of the glass substrate, severe vertical changes occur when a

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



On the other hand, by setting the magnitude of the offset of the offset portion 14 to be approximately
uniform over the entire circumference of the glass substrate as the above-mentioned structure, even if
the ski jump or roll-off is present, as long as the recording head constantly passes over the ridge of
15the extreme portion 15 during scanning, it is considered that there is no height difference large
enough to cause a crash failure. That is, this inventioaQ)ays attention to the fact that it is the change in
height of the substrate surface in the circumferential direction that is important. [0078] 20Therefore,
according to the structure of this embodiment, it is possible to reduce the roughness or undulation in

the circumferéﬁi&ﬂ%ﬁr@@iﬂwBh%ftm?srﬁﬁffﬂjf&s%g ﬁ&ﬁ‘fé&?}&ﬁﬂ@@ﬁy .a{ft dﬁf&rﬁlﬂ@pheral portion
of the magnetidigk RS alRoTNGIEANEn ESRIGDR SAPRA splia S pieseplefi digh posture

of the magnetic IS preven rom bemg even It the magnetic disk'is rotated at
high speed, there is negagssgibility 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. FugKelaislsbisvithdeiale vthen 2y passding Geadiigasichadnagnedicoad/unload

type, since there is no possibility that the flight posture of the magnetic head. is djsturbed particularly at
tho uter BeriHEaF B P AAA G CURHI R e A REGE HAOP SR SULR RO EOHERC with
the magnetic sk (SN HocrR GRIVYHILPEEH RIRNS bR Sereb ReviapfiBrTsgnetc disk,
which is quite preferable. [0079] It is preferable that the magnitude of the offset be approximately
uniform in the leirgerofeyeintiad dge ¢tian \edrprsitoar yligidi al stasitions . Sad e @smgoeatics hedthata)s a
magnetic disk mainly in the circumferential direction, 10 contact between the magnetic disk and the

magnetic hea&*}?aﬁ‘%@qﬁg?éjb%m% %@@ﬁ’r’i@iﬂ?et%ﬁ@?\ ﬁuna%oéiﬁwa%ét%rﬁ@%%@‘oximately_
o SIS SRR R e gy o e cocmerente
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 circumference of the
glass substrate as the above-mentioned structure, even if the ski jump or roll-off
is present, as long as the recording head constantly passes over the ridge of
15 the extreme portion 15 during scanning, it is considered that there is no height
difference large enough to cause a crash failure. That is, this invention pays
attention to the fact that it is the change in height of the substrate surface in the
circumferential direction that is important.
[0078]
20 Therefore, according to the structure of this embodiment, it is possible
to reduce the roughness or undulation in the circumferential direction and thus
to improve the flatness particularly at the outer peripheral portion of the
magnetic disk substrate. Therefore, despite the ski jump or roll-off is present,
the flight posture of the magnetic head is prevented from being disturbed and,
25 even if the magnetic disk is rotated at high speed, there is no possibility of
contact between the magnetic disk and the magnetic head. This makes it
possible to significantly enhance the reliability when the magnetic disk is

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



1.02mm taking into account the circularity being in the above-mentioned range and the size of the
recording head with respect to the disk radial direction. [0081] Specifically, for example, when
measuring the offset portion 14 of the 20 glass substrate at 12 points per 30 in the circumferential
direction, the change in magnitude of the offset can be_5nm or less. With the change in this range, the
effect of this invention can be obtained more reliably."‘f6082] Further, the extreme portion 15 where
rising or lowering is maximum in 25 the offset portion 14 is preferably located at approximately the
same distance from the center of ther%@ Ss substrate. This is because even if the magnitude of the

offset is approRfReR8S GhAdRABRIIGhE A ind e doRskardinag tyRee RINSQIIERI® B PRgRRIe from

th ter, it f 8t
Specitcally i T o B OREEl M R R R BB e qwer e
rising or lowerpgrijsheexiptivindha ﬁt@@mmmlét@@pméem@@néﬂahé@melaséu@‘m(hﬁ)tbtm or less,

it is more preferable. Further, ideally, it is preferably 2001.tm or less. If the circularity decreases (value
increases), ev@mf&ﬁbwﬁhghﬂu@@@ﬂ%é dmﬁfm m@@rﬂmrtaepdr@aﬁ sERupESEMtedhdbRitude of
the offset annot rox*r{?)‘zkat?tr unlf rm a §| in.the c rcumIere&tlal direction. In other words,

when seef ng & 98¢k it ?p%? fortWhiere the offset portion 14

exists) from the center@é glass substrate |f the glass substrate is rotated, the magnitude of the
extreme portion 15 of [he offset portion 14 (e.g. the height of the raised
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 and the magnetic head can be more
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
15  preferably 0.02mm + 1.00mm (width of a pico-slider of a recording head) =
1.02mm taking into account the circularity being in the above-mentioned range
and the size of the recording head with respect to the disk radial direction.
[0081]
Specifically, for example, when measuring the offset portion 14 of the
20 glass substrate at 12 points per 30° in the circumferential direction, the change
in magnitude of the offset can be 5nm or less. With the change in this range,
the effect of this invention can be obtained more reliably.
[0082]
Further, the extreme portion 15 where rising or lowering is maximum in
25 the offset portion 14 is preferably located at approximately the same distance
from the center of the glass substrate. This is because even if the magnitude
of the offset is approximately uniform over the entire circumference, if there is

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



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 15position, 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] 20Further, the concentricity between théircular 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 12001.tm or less. If 10001.tm or less, it is more preferable. Further,
ideally, it is préf&r&5RHEYE 1SR dE8S B he concentricity decreases (value increases), even if the
25magnitude of the offﬁﬁ%%j the extreme portion 15 is uniform, the magnitude of the offset cannot be
approximately uniform'as se€en in the circumferential direction. By setting the concentricity to be within

the above-mentioned Gngssiibayerethemaagnitiide ofibeiettaatity tieackiesieferamibgitaetion can
be 29 made approximately uniform with respect to the size of the recording head. [0085] The

magnetic disk &xirem@@eidissrdibgwteisdising odilnwerivdieeanuBda theoffstiseaibietdd to be
mounted |n a magnetic djs vice adapted tate it at a rotational speed of 5400rpm, or more.
There i, Bf coMEL RADISITEL 8h i M 05 Frgo MR TTHER R ARaptE i Fotate  t a
rotational speqgeafin4PURILAIAINE BOfLRASHGETY if the GRsALTH Bistrdakaliopalnsgeed magnetic
disk device, the efféct of using the magnetic disk substrate according to this embodiment remarkably
appears as compaEsks)iileldthatiod nsagyduckaghdte ditdes ob straexteotiegpdhizontiis isvention.
[0086] The magnetic disk substrate according to this embodiment is preferably used as a glass

substrate to b& MBIt BAMBYR OLIER ERRECRIRICPEAPRIRIURA IR HIANY 85 398B(Rortion
14 present at g RRHRRABIATHIPHEERoT SURPRNE: W& dBCRhUA QBB Y 4408 & Ls More:

10 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 15 of the offset portion 14 (e.g. the height of the raised
portion) changes. That is, if the recording head cannot follow a change in
magnitude of the offset portion 14 while flying over the predetermined radial

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

[0084]

20 Further, the concentricity between the circular hole formed in the center
of the glass substrate and the circle formed by the extreme portion 15 where
rising or lowering is maximum in the offset portion 14 is preferably 1200um or
less. 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

25 magnitude of the offset of the extreme portion 15 is uniform, the magnitude of
the offset cannot be approximately uniform as seen in the circumferential
direction. By setting the concentricity to be within the above-mentioned range,

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



[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 200offset 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 tﬁg flying height of a magnetic head (recording
head) is reduced, it is possible to prevent the magnetic head from being crashed. 25[0088] The
magnetic disk substrate accordingi to this embodiment is preferably used for a magnetic disk having a
|

high recording RRARIBPBI VAT YN BP Wk rgaRaRbIR R RIEEHH) Brvtseifieg6amhore. In the

case of such a high 3 rding density, the flying height of a recording head needs to be further
reduced, but since the % height of the recording head can be further reduced by the use of the

magnetic disk substratenef iég)aBikRogisRaba RSB dIagte tRiiethhoginredIRSsrigsi@p ipat the
magnetic disk substrate 5according to this invention can also be suitably applied to a glass substrate

for use in a m&gaetiasorsglAaTifgRs ete igimg deasnieshinren@arelic ¢k deveoadamgadac disk
substrate for m ngﬁlfa%lﬁrin? maﬁ;@r&etic disk n%[? z%touch-down hegght reatehthan the above. [0089]
10The m gnefl% ek 'R t'g ﬁ'ﬂﬁﬁ ¢ 's% BELRhERE a igﬁ- §p8 %ﬂbﬁ?etfbodisk substrate
having a flat maihaiaseeRit 1 Rsen et R ShaYRsed for dugteaad RebMesd iR Mainsurface
and the end face, wherein, at a peripheral portion of the main surface, there exists a raised portion
raised in a direotatiopal spedid dbb4darpat sunfames, dudl pdirig therlpenpheredddpbdrion, of the main
surface and wherein, in plan view of the main surface of the glass substrate, the raised portion

surrounds the eI QIRYRNE sPREAR MAGHS Yo lsh ARYFGu RSRHREIHARICL IS ARRRAR disk
fnpgifr’]‘gr‘:]ate'ys%EQFgﬂehS&%%trohﬂ%gt@ BRI MR A5 8LHR%H 85 pUPel HRnthe

10 that of using a magnetic disk substrate of other than this invention.
[0086]
The magnetic disk substrate according to this embodiment is 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
15 substrate at a linear velocity of 20.0m/sec or more.
[0087]
The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk with a touch-down height (TDH) of 3 to 4nm or less.
If the touch-down height is low, a crash tends to occur when the change of
20 offset formed on the glass substrate is large. However, using the magnetic
disk substrate of this embodiment, the change of an offset portion 14 can be
further reduced than conventional and, thus, even if the flying height of a
magnetic head (recording head) is reduced, it is possible to prevent the
magnetic head from being crashed.
25 [0088]
The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk having a high recording density of 200GBit/inch? or

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



20point of an offset portion 14 may be present in a range of 92.0 to 97.0% with respect to the distance
to the external of the glass substrate from the center of the glass substrate as a reference. [0091] In
plan view of the main surface of the glass substrate, an extreme 25 portion 15 of the raised portion
circularly surrounds the main surface and the circularity of a circle formed by the extreme portion 15 is
preferably 6001.tm or less. [0092] 31 The glass substfhte has 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
circularly surrounds the main surface and the concentricity hetween a circle formed by the extreme

portion 15 and %&Qi@qwbﬁhﬁélﬁﬁ%ﬁﬁg'ﬂbﬁ ﬁt@f_é’@ﬂ&zﬂiﬁﬁﬁﬁf@ﬂ&k&%f £5001.tm or
less. [0093] The qraggelis isicshslR asearing s eophosimen sz dislrspaped glass

substrate having a main surface, a chamfe ace Interposed between the main

surface and the.gnedaes, twberednofldie papnetly gkihsubsints grgaoéhiscdirssrmybstraih a lowered
portion lowered with respect to the main surface is provided between the main surface and the

chamfered faceaairieetReceptrdf tHbisonradiepdiadaidhathieemaggseatfacishaylsiraproximately

if iti from th ter of the glass, trate.b termi ' .
15100415 BRI AECHDGAR A B IS 3R BRI hat at feast
the end face bgsghpmicallyirnaifienadiag 4 itée sransgrisiriaP smbabAthiae $iassvecbihe gubstrate

be chemically strengthened. In other words, in the magnetic diSk substrate, it is more preferable that a
magnetic disk substrate for manufacturing a magnetic disk with a touch-down

height greater than the above.
[0089]

10 The magnetic disk substrate according 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 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

15  portion, of the main surface and wherein, in plan view of the main surface of the
glass substrate, the raised portion surrounds the main surface and the raised
portion may surround the main surface with an approximately uniform height.

[0090]
In plan view of the main surface of the glass substrate, the maximum

20 point of an offset portion 14 may be present in a range of 92.0 to 97.0% with
respect to the distance to the external of the glass substrate from the center of
the glass substrate as a reference.

[0091]
In plan view of the main surface of the glass substrate, an extreme

25 portion 15 of the raised portion circularly surrounds the main surface and the
circularity of a circle formed by the extreme portion 15 is preferably 600um or
less.

[0092]



20compressive 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
250n the surfaces of the glass substrate. Herein, the themical 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 1he elass sHosHRI9 %r%(PHQHE‘EHQJﬁi@él@%ﬁfﬁéﬁﬁfg%aﬂﬁem E@Ution.
naving an ionigcagys gcegict 0aR Rl he Jorer 90 QOSR) (MAGRE L ISK) T ppy by forming a

magnetic film on ove-mentioned magn substrate, it'1s possible to manutacture a

magnetic disk ragsaddbogtiontiiscenablodinrenindin aectheamaaneiseibmdsiersme emtiagynagnetic disk
substrate, the shape of a main surface of the magnetic disk is largely affected by the glass substrate.

That is, in ord@etwaapra@ireie isaies dnthieenexiiesn & sy tEInHd 1y aisdle dpknaddydbessary to
improve the shape of the main surface of the glass supstrate. fg refore, using the magnetic disk
substrate Hisc AR S BB AAIE PR UL SRt AN A2 HEVRE Walnetic drak improved
particularly in shape of@ggf{ipheral portion of the main surface. Since a magnetic disk manufacturing
method is known, a description thereof is omitted 15herein. [0096] The magnetic disk according
to this embodiment mayhbereagragitetisklisktist tzarancoretinig & ks ereticodiskatdvia of the
load/unload type in which a magnetic head is lpaded and unloaded with respect to the main surface

through 20 it@&hﬁ@&%@ﬁ?%ﬁﬁ@%%ﬁ%@g 8iitAbatesHERSRe Al §ORIGRFEF A Fass substrate
is high, the m%‘?{é‘?Hfépé%géB Pﬁeﬁ‘%@glﬁe B%E\X}%%Pﬁ%%@ﬁdsmcéoﬁ?g 1he end face, wherein,

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

15 [0094]

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

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

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

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



The magnetic disk according to this embodiment may be a magnetic 25 disk to be mounted in a
magnetic disk device adapted to rotate it at a rotational speed of at least 5400rpm or more. Further, it
can be suitably used even in a magnetic disk device with a speed of 7200rpm or more or 10000rpm or
more. This is because since the flatness of the outer peripheral portion of the glass 33 substrate is
high, there is no possibility of contact between the magnetic disk and a magnetic head even in the
case of high-speed rotation and thus the reliability is high. [0098] 5The magnetic disk according to this
embodiment may be a contact-sliding type recording medium (contact-recording type recording

medium). In tHaSSEURSHaIBJRIINIfiteFHe Ticel GgNatR0Ng drRALBIBIHFARAIR PRI Mhd writes
in a state Wheﬁ%i} algﬁbqglgﬁggg{gpﬁm taﬁ;8gﬂ$éi?ogliﬁ5ﬂgﬂstherefore, by improving the flatness, in
irectiort, of par rly

the circumferentia articularly the outer peripheral portion of the magnetic disk
substrate as describedggsie, it is possible to prevent jumping of the recording head. This makes it
possible to improve the signal quality and to prevent damage to the recording head. [0099]
15(Magnetic Disk Devidéaangsis, Bisiflounting the above-mentioned magnetic disk, it is possible to form

a magnetjc disk device.(hard disk drive). The magn }ic disk device mounted with the abpve-mentioned
magnetic sk substrats & paM B LA HERE T PR T A B SSR RE RROR B iculary at

high-speed 205piRUQfbstrate, 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 is, in 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 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
15  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
20 its outer periphery. Since the flatness of the outer peripheral portion of the
glass substrate is high, the magnetic disk can be suitable for the load/unload
type.
[0097]
The magnetic disk according to this embodiment may be a magnetic
25 disk to be mounted in a magnetic disk device adapted to rotate it at a rotational
speed of at least 5400rpm or more. Further, it can be suitably used even in a
magnetic disk device with a speed of 7200rpm or more or 10000rpm or more.

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



[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 25 is needless to say that an extreme portion 15 where
rising in the offset portion 14 is maximum is preferably located at approximately the same distance
from the center of the glass substrate. [0101] 34 (MetiRod of Managing Manufacture of Magnetic Disk
Glass Substrate) In the foregoing description, the description has been given of the configuration
in which the state of the entire offset of a glass substrate is evaluated by measuring dub-off, ski jump,

or the like at aSYRFHRIEIE Migdhesp i3 iiB mRosaIpHEY P contrERabVeRWEGMagBdHE Makement of
he dub-off, ski : . . ; red f
one postion. THLe g By 8 b e S B e

required for one|riBIRyatenigince glass substrates should 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 manufacturind@88Ignetic disk glass substrate, variation of offset (rising or lowering) on the
substrate surface mayﬁf measured (@gk/ when the imum value of the offset on the substrate

surface 15is a predete ‘?n@@%ﬁ}g s%?cfﬂéqg&% ﬁ18r8 %@%égﬁ\y ﬁrgduct. More
specifically, 2 gpRSHIAMARG RPEERTBIANRFAVENAH EBIRgBitHSIS RliRESyhBIAYCRRIded into a

position measurement process of measuring a position where offset (rising or lowering) is maximum
and a value messlivemenimptbessasef oh#as contptiiestidiag egomagodrdiegimeEtiemJtas considered that
the position 20 measurement process is, for example, a measurement method with a resolution lower

than that of thEPGRAENAEL&sHERACR RECWELesA BetiBimyhentaihdt e miding feRirahyiiA 8 wide

. In thi ition. : QR is| ] f th
oot can bo REL LG e ] S TG TR e T AR e

clearly exgeedsiié&itanas pharetbpiothesutiéipasbheegissanida 6athe obbgriigiaithskmeasurement for
that substrate. On the other hand, when the magnitude of the offset falls within a range combining the

range of goodSstosiiiate andascsiver rAbgecailifennssiie D aisvenhicnt pretihe rassirding
head. This makes it possible to improve the signal quality and to prevent
damage to the recording head.

[0099]

15 (Magnetic Disk Device)

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

20 rotation.

[0100]

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

25 is needless to say that an extreme portion 15 where rising in the offset portion
14 is maximum is preferably located at approximately the same distance from
the center of the glass substrate.

[0101]



35 may be measured in the value measurement process as in the above-mentioned embodiment.
[0103] Specifically, the position measurement process entirely scans a glass 5substrate 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 measure Bt process can measure the detailed
magnitude of offset using, for example, MicroXam (manufactured by the same 10company) as a

high-resolution optical interference surface shape measuring apparatus. [é)104] With the
configuration describetV43B80€, & i¥aB3sin@ W@k@ﬂfd@rsﬁﬁi’aﬁnﬁu%&% (HaasuPERRIFRI®d thus to

e e e e SR B M e
maximum in the RRGifaNdNeASMIERanERIREE 35, e endem difdetaltheyRitsetimarasused

evaluated by measuring dub-off, ski jump, or the like at a plurality of different

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 should 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 magnetic disk glass
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

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

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

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

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



20only 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 25the 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 measuremert ange can be set to a range of 92.0 to 97.0%
from the center of a glass substrate assuming that the distance 36 from the center of the glass
substrate to an end portion thereof is set to 100%. [0107] As described above, by measuring only

the largest offSBRHLRESAsSHatiNtRE NG R FB.aSH T 'EEHBIRFESHESStrEiiRent at a plurality of
5positions. Thgomﬁéf&q%iéﬁ)l&mf%ﬁ%&quick judgment and thus to achieve a reduction in time of

the inspection process. een described that the substrate according to this invention
is a glass (amorphous|glass] or glass ceramic (crystallized glass) can be used; as a 10material of a
plate-like glass, aluminosilicate glass, sodalime glass, borosilicate glass, or the like). However, since
this invention relates tSpesigaalhy BieanaatjiostieriusemsieaeeshoBHiRIV 85a0s hglasso a

cubstrato nad B IR IACol o MG P omEr a1 A0 e BB Ab IS SN o ftass
substrate excafigntia sUBNIAISSIUTSR P s enersHRsIRIR A BREb AR RABRRARRY with an aluminum
substrate is preferable particularly for a mobile device.

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

15 inspection process.

[0105]

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

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

[0106]

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

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

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



[0109] The magnetic disk substrate according to this invention is a magnetic 20disk 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 forted in 25the 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. 37 O Mg KEVRES HoRBRINSHASIRIIMAHERAROBIRB A PRIAM 4S8t tRe! Mhér periphery

of a main surface of ar@i% -ﬁlhaped magnetic disk formed with an inner hole in its center or may be
formed at each of themn. In this invention, 5when the offset portion 14 is formed at each of the inner

periphery and the outexpgepbensdehiRA, Byereé e vhigeinpprienartésnay sisvs the

above-mentioned shape, but it is preferable that particularly the outer periphery where the linear
velocity of a resdrgirajehdhis RAigRIRSER N doapefermeniierelstmest @i1a pjueBly ®anufacturing a

magnetic sk AT DR VI BT LEARAR RelBAEroRY TR HESRLRE Aot dF the substrate.
By reducing v%_@ﬁq'@yéig ?é@{ﬁﬂﬁi?%%ﬁﬁ@%f’fﬁ@‘?rﬂb@ﬁ%ﬁ F}%g@gyibed above_, it is possible to
improve the flying characteristics of a magnetic head near the outermost 15periphery of the disk.
[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, aluminosilicate 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 material of the
magnetic disk substrate and thus can be suitably applied, for example, even to
a substrate made of aluminum or a material other than it. As described above,
15  however, a glass substrate excellent in substrate surface flatness and substrate
strength as compared with an aluminum substrate is preferable particularly for a
mobile device.
[0109]
The magnetic disk substrate according to this invention is a magnetic
20 disk substrate having a generally flat main surface, an end face, and a
chamfered face formed between the main surface and the end face and may be
configured such that, at the periphery of the main surface, there is provided an
offset portion 14 raised or lowered with respect to a flat surface, other than the
periphery, of the main surface, the offset portion 14 is continuously formed in
25 the circumferential direction of the main surface, and the maximum height
(maximum offset value) of the offset portion 14 in a direction perpendicular to
the main surface is approximately uniform over the entire circumference of the

substrate.



[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 20surface 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 201.tm or less and further toS21.tm 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 25above-mentioned magnetic disk substrate is used for a magnetic disk, it is possible to further
reduce a crash of a DIEM Hehd. [0113] (Example) 38 Hereinbelow, a description will be given of

an Example about metﬂg') ﬁf% &@gﬁéﬁ%{%@%ﬁg%ﬁ% 8§km%bgq%ﬁi?$%@ém%p$g iﬂﬁ%to which

this invention is applied. These strate and magne ufactured as a

magnetic disk it A Riedeteimiathsbasie Sl Sap &d ihdgeleiistisR38MMmBY dithainch disk
(065mm), a 0.8-inch disk (021.6mm), a 1.0-inch disk (027.4mm), or a 1.8-inch magnetic disk (048mm).
[0114] (1) Shdpiney PriedsstameFestarappingePioteed ri grchabiio disk shisstruentiihufacturing

hod agcordi his 10 le, first, lapping (grinding).is applied to surf late-like gl
1 abtain & 01200 BAAL AL CHER (L BALE FRETOUr oLt chereaR BN DOLS Qi ik
As the plate-like glazsiy 09€105¥PHREOPIAE dKS8 IBSRRThea R AP Rd v eIy km BlaRrshean Pe

manufactured, for example, by a known manufacturing method, Such as a pressing method, a float
method, 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 manufacturing 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) 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

15  periphery of the disk.

[0112]

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

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

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

[0113]

(Example)



15 a downdraw method, a redrawing method, or a fusion method, using a molten glass as a material.
Among them, if the pressing method is used, the plate-like glass can be manufactured at low cost. As
a material property of the plate-like glass, use can be made of an amorphous glass or a glass ceramic
(crystallized glass). As a material of the plate-like glass, use can be made of an 20aluminosilicate
glass, a sodalime glass, a borosilicate glass, or the RS 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 flathess and substrate

strength. 25[0115]  FéRainRe U RESCHRYIRhWMIL RRH¥RR AEaN RsamRleRIgEl e Resk shape

by direct pressj [ r r inj - 0, te-like
alnss. As the S S S A e i
contains, as maikARGIPRE@NEHcBI02ThEJe mayrHetid\ BOR sute PR rind-RagRdacl@sk/arend Na20: 4
to 13wr/o. [0116] Then, lapping was applied to both main surfaces of the plate-like glass, 5 thereby

obtaining a disRampetlpasashaseanesiisedisrizardpgingoiedeteméteoairmey sSUebasicside lapping
machine emplgying a plane ear mecpanism wit use of alymina-base e abrasive grains.
Specifoary, e TBENG AL AE of oy IEESIAS A AL B R B Ellatos of he
plate-like glass a8 LRREE RSN siies. MBPHEAGRAOarRcpagilsl containing the free
abrasive grains onto the main surfaces of the plate-like glass, and relatively'moving the plate-like glass

and the surface plateg[@d téch other. By this lapping, there was obtained the glass base member

having the flat main surfaces. [0117] 15(2) Cutting-Out Process (Coring, Forming, Chamfering)
Then, the glass base HamBaPIRTTRCEsH W HSlRPRIRG F¥AEPEBy cutting out a disk-shaped glass

PP i 1 R T R e
20Then 1grindpgawasiaipieddpmngipenaeiihe mpsinstfase anstas obiteplate-like glass to
obtain a glass base member, then this glass base member is cut, thereby
cutting out a glass disk. As the plate-like glass, one of various plate-like
glasses can be used. This plate-like glass can be manufactured, for example,
by a known manufacturing method, such as a pressing method, a float method,
15 adowndraw method, a redrawing method, or a fusion method, using a molten
glass as a material. Among them, if the pressing method is used, the plate-like
glass can be manufactured at low cost. As a material property of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an
20 aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
used in terms of capability of being chemically strengthened and capability of
providing a magnetic disk substrate excellent in main surface flatness and
substrate strength.
25 [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



peripheral end face using diamond grindstones, thereby carrying out predetermined chamfering
(forming, chamfering). [0118] (3) Second Lapping Process 25Then, 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 3 a 40 preceding process can be removed in
advance, so that it becomes possible to complete a subsequent main surface polishing process in a
short time. [0119{ (4) End Face Polishing Process 5Then, the outer and inner peripheral end faces of

the glass sups’i‘rg asadps ﬁh%%ﬁrﬁwﬁgﬁaismw&sbn%ﬂ%gi%e@r%mmtﬁmﬁ% ;%@Qﬁing
cbrasive gralnge 5o MERIIGS ! 8 ik fiee S JNS) OB oA Tgge cbrasive

grains. [0120] en, the'glass substrate having been su to the end face polishing process
was washed with wategg Bthis end face polishing process, the end faces of the glass substrate were

finished to a mirror surface state that can prevent precipitation of sodium and potassium. [0121] 15(5)

Main Surface Polishind FeBcigping wasiaRplisibiingaiioteds aurames ehthedtuediea glass surface
] e 1 O e et MG S e
main surfacesyyeigspiiagsLBR6de 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-like 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 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]

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

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

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

[0118]

(3) Second Lapping Process

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

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



20double-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 25was 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 sutface 41 polishing process. This second
polishing process aims to finish the main surfaces to a mirror surface state. In this second polishing
process, the main surfaces were mirror-polished using a double-side polishing machine having a

planetary geaPRRSERMISPRAGRATIFEDRS SEHQYRTdRIAT¥ARTBoitHBA AL eRipRs AR R Use was
de of cori : . e ) : . ; din the first
patishing procd ] S e R 5 molishing

process was immersegpifnf gspective cleaning baths of neutral detergent, pure 10water, and IPA
(isopropyl alcohol) in turn so as to be cleaned. An ultrasonic wave was applied to each cleaning bath.

[0125] (6) Chemical StbrgesthRgeHtoleRing Process
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 end face
polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.

[0121]
15 (5) Main Surface Polishing Process
A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains
remaining on the main surfaces during the above-mentioned lapping processes.
In this first polishing process, the main surfaces were polished using a

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

[0122]
The glass substrate having been subjected to the first polishing process

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

[0123]

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



Then, chemical strengthening was applied to the glass substrate having 15been 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 400C and preheating the
cleaned glass substrate to 300C, and immersing it in b 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 ROUFRIRFTRAIRLEREN gtHISREIOS HLISBYG BHRFRISAIMS ifA HRidh e &2Hent in the

chemical suergieaiaiscl iR dpseiba aboysIibiu necndsdumions . sydce laver o

€ are replaced by sodium 1ons$ and potassium i rengthening

solution, respegiygtsssadhatineddpesisnisiisiagsa 43 siengtepersting miskmassaivnganpressive
stress layer formed at the surface layer of the glass substrate was about 1001.1,m to 2001.1m. [0127]

The glass subpteaetapigepbarecbapjediaitp the use wichbsftiesiginaimpalishenenf@as immersed
in a water_bath at 2QC so as to be rapidly cpoled, and mairgéain d for about 1Q.minytes. Then, the
rapidly codledRTISE TBHGPIs ks AR aAdE Bl CEMHEY GLRS lRaNe S e e 13RI acc, so as
to be cleaned. BUiRehyide @%W@F@?ﬂ% rﬂ%\gagrpﬁglf%%m@%? %éégfé{ric acid cleaning was

nd | u

immersed in respective cleaning baths of pure 10 water and IPA in furn so as to be cleaned. [0128]
By performing the first{Gi##hg 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 The glass substrate having been subjected to the second polishing
process was immersed in respective cleaning baths of neutral detergent, pure
10  water, and IPA (isopropyl alcohol) in turn so as to be cleaned. An ultrasonic
wave was applied to each cleaning bath.
[0125]
(6) Chemical Strengthening Process
Then, chemical strengthening was applied to the glass substrate having
15 been subjected to the above-mentioned lapping processes and polishing
processes. The chemical strengthening was carried out by preparing a
chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate (40%), heating this chemical strengthening solution to
400°C and preheating the cleaned glass substrate to 300°C, and immersing it in
20 the chemical strengthening solution for about 3 hours. The immersion was
carried out in a state where a plurality of glass substrates were placed in a
holder so as to be held at their end faces, thereby enabling the entire surfaces
of the glass substrates to be chemically strengthened.
[0126]
25 By performing the immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface layer of

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

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



15above, 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 20portion of
the obtained magnetic disk substrate. An inspection process comprises a measurement process of
measuring offset values and an extreme portion 15 at a plurality of positions in the circumferential
direction of the glass substrate and a judgment process of judging whether the glass substrate is good
or not based on the measured offset values and extreme portion 15. 25[0130] (8) Magnetic Disk
Manufacturing Process On each, of both surfaces of the glass substrate obtained through the

above-mentioSd§PIHR@ReEs, Jr'i‘ﬁcih@i‘i%%ﬁ%?Wﬁﬁéy%%%%ﬁéf@mgq@éhéf a
CoTaZr-group?%lg)%gé%ggﬁg{lﬁyeeaé fsg%,u%&jégfw%%%ﬁm%m r@c%%lnlg] .Iayer of a CoCrPt-group

alloy, a protectiv ydrocarbon, an ricating layer of per uorogolyether were formed in
this order, thereby mafpifagiuring a perpendicular magnetic recording disk. More specifically, an 5
adhesive layer of CrTi, a soft magnetic layer of CoTaZr/Ru/CoTaZr, an intermediate layer of Ru, a

granular magnetic laydrhef @aﬁﬁrlsltlmt@m&W@Q@éﬁé@@%@ﬁo@ﬂb@o@é@m@ﬁyer were formed in
poriiuorogoly e RIHRA T UL Er B B AP EA ey T0GbRnRfy a magneti
disk. [0131] rapidly cooled, and maintained for about 10 minutes. Then, the rapidly cooled
glass substrate was immersed in concentrated sulfuric acid heated to about
40°C, so as to be cleaned. Further, the glass substrate having been subjected
to the sulfuric acid cleaning was immersed in respective cleaning baths of pure
10 water and IPAin turn so as to be cleaned.

[0128]

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

15  above, there was obtained a flat, smooth, and high-rigidity magnetic-disk
substrate.

[0129]

(7) Inspection Process

An inspection was conducted about the shape of an outer peripheral

20 portion of the obtained magnetic disk substrate. An inspection process
comprises a measurement process of measuring offset values and an extreme
portion 15 at a plurality of positions in the circumferential direction of the glass
substrate and a judgment process of judging whether the glass substrate is
good or not based on the measured offset values and extreme portion 15.

25 [0130]

(8) Magnetic Disk Manufacturing Process

On each of both surfaces of the glass substrate obtained through the

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



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: 15Longitudinal 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 20By ir?'gbrporating 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) 25By applying the

following polislR¥gf Qrifdeha4s areunaliny faiLRRRY BNt (8)Ramanslicriae PasaRHg Process

described ab > O e :
manufactured TE T Ehangohe SHGET S G SR & ol Ao Tpa B He
polishing conditiginsiveRiegkee thigeg|herepese i alishina pads WanisairieBihéaisy C hardness),

the grain size of abrasives to 1.0(.tm), the processing rate to 0.30(.1m/min), and the processing

pressure to 9(P@NWietspgcripanpetiouiat sragnepecsnnaingisistnal \oleringgiticadigsanas

oredeterinoch e BoIGHTG ha e S B OBNEL Al haEan B W (AP tme half e
e oo B 41 881 S AL R A CHOR O r0cessin
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 formed by a dipping method, thereby

10  obtaining a magnetic disk.

[0131]

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

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

[0132]

(9) Magnetic Disk Device Manufacturing Process

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

[0133]

(Example 1)

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

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



10[0134] (Comparative Example 1) A magnetic disk substrate, a magnetic disk, and a magnetic
disk device according to Comparative Example 1 were manufactured by the above-mentioned
manufacturing method except that the polishing conditions of 15the 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 é‘hardness), the grain size of abrasives to
1.0(.tm), the processing rate to 0.60(.1m/min), and the processing pressure to 12.0(Pa). In this
polishing process, polishing was carried out while maintaining 20a main processing pressure of

12.0(Pa) withdR IpPiRgHHEIPRSHEEmMBYSR &Rat P Sraness PHRSIing RAdH AR &bithe main

processing pr ing.r -imﬁx'!'rg I ' res r ' was 7.2.
[0135] (Comp‘;gﬁz% e (\jv(’te%eﬁpéﬁg%g Igﬁe aai% omp%ﬁ%?é&%r%é e E){ %&%ﬁ%%%ﬁ xtreme
portion 15 preseta! et 0NE0REAPHERY, il MR ROEERINY Breiz 0ldhe gTRanetinbrk SybsHais,
manufactured as shown in Example 1 and Comparative Example 1 was inspected by the following
method. [0136)e1prEoesginervessEFadPbeibn rgbehing pracessiwadiobasges thdweight of the

t tion 15 in the ci f ial directi ined. Specifically, in order t ine th
change irPheiHR87 B3 e SRAERETHAP R Mcrb AR LREHS BRI RRRHE A offset value o

each substrate geiwRaM, YR ASREFATY AP NSRS ISR peRdnABaUcHIBRicaBERgR T, R2 in Fig.

2) of the maximum offset value was determined so that it was possible to see the change of the
extreme portiqurdSstosrad 8P &) dqueaipmerhalf e eddeterfaceedftimeeglabs thidstratd, dhd having
heights that differ in the circumferential direction. Herein, the 10 distances from the center of the

substrate wer®Q446! B BiamaLpraggssing pressure and the processing rate (main
processing pressure x processing rate) was 2.7.

10 [0134]

(Comparative Example 1)

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

15 the second polishing process were set to the following conditions. The specific
polishing conditions in 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

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

[0135]

(Comparison between Example 1 and Comparative Example 1)

25 The shape of an extreme portion 15 present at the periphery of a main
surface of each of the magnetic disk substrates manufactured as shown in
Example 1 and Comparative Example 1 was inspected by the following method.

[0136]



31.5mm (R2), respectively, and, as a measuring apparatus, use was made of an optical interference
surface shape measuring apparatus (MicroXxam (manufactured by Phase Shift Technology, Inc.):
objective lens magnification; 2.5 times, intermediate lens magnification; 0.62 times, measurement 15
wavelength; 553.2nm, measurement region; 3.58x3.88mm, resolution; 752x480 pixels). Then, the
position of the vertex was measured at 12 points in dtal by rotating the glass substrate per 30 in the
circumferential direction. [0137] That is, the maximum offset value measured by the above-mentioned
20 method represents the magnitude of the offset between the above-mentioned straight line

connecting R1 and Rjﬁhﬂqfﬂ@%ﬁ@f @9@5@@%@@5?}%) of the above-mentioned raised portion. The
results are shown in Fl;qrs} [R%ﬁﬁilﬁgn%%ogwg ﬁ%qqﬁt mqh@gwgﬁ%rﬁ%@% (?nqqulgs substrate in

the 25circumferential direction’is small'in Examp as compared wit omparative Example 1.

Specifically, thsirebafeecatitaraneetiorbnagpieainivasl 2. 8seviflvhilg, ime relkang e gifaics tedn
Comparative Example 1 was 16.10nm. [0139] 46 (B) Load/Unload Test Comparison As described

above, after nerafgetitingigid eiapaktiglassksuhsiistshia hagheumigrenialsisestian oihthe magnetic
Smanufacturcl] SHE AT BURGH 2N Geat R ARG EGTILNG, e (L) WAL S 8 out 1 two.
Pead 109 o Lons 0] A e S oo ot Hesta g
: , gnetic disks according to Example
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
10  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.): objective lens magnification;
2.5 times, intermediate lens magnification; 0.62 times, measurement
15  wavelength; 553.2nm, measurement region; 3.58x3.88mm, resolution; 752x480
pixels). Then, the position of the vertex was measured at 12 points in total by
rotating the glass substrate per 30° in the circumferential direction.
[0137]
That is, the maximum offset value measured by the above-mentioned
20 method represents the magnitude of the offset between the above-mentioned
straight line connecting R1 and R2 and the vertex (extreme portion 15) of the
above-mentioned raised portion. The results are shown in Fig. 3.
[0138]
As shown in Fig. 3, the change in height of the glass substrate in the
25 circumferential direction is small in Example 1 as compared with that in
Comparative Example 1. Specifically, the change difference in Example 1 was
2.86nm, while, the change difference in Comparative Example 1 was 16.10nm.

[0139]



10 and Comparative Example 1, 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 1, a
crash occurred in a load/unload test of 2000000 times. [0141] 150n 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 R case of the magnetic disk according to
Example 1, a crash occurred in the case of the magnetic disk according to Comparative Example 1
when the load/unload was repeated 800000 times. 20[0142] From this result, it is seen to be

important that, as in tHiBihRaHILINIeRd TR HOBWBFIEN offset of the extreme portion (vertex of the

raised portion) 15 of the_o ' r ' 0 j e of: lass
substrate be approximr}g e yé§(r§ﬁ?80rér§10%[\)/é§%l?1eg @%ﬂ%& pfﬁ?ﬁ@ﬁiﬁﬁ%ﬁ%@ﬁﬁ@%& S@fﬁllt%}fél43]
Although the daggjiietiendsdensgtyenddsorotieniagasty ek aissstraasticitasrthageigreme portion 15
of the offset portion 14 in this Example, this 47 invention can alternatively use a valley point of a

P p y yp

lowered portiohX@necktend Cooranatise Fxavpietpditonagndatindisk weviceraveiect as above can
1 be approxinTN BHERH GUEH 1 a0 SEH B CarbiE Wies ShEGROTPRR)
Specification qf RUERTRE B two DEs IRISRERSK FRARGRIPRSEERP DY Lt Heriphgry of the main
surface of the magnetic disk substrate was examined. An examination was 10made of the influence of
the concentrici2@0mpiroylseityngf hesitiong béidlket 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 Example 1, 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 1, a crash occurred in a load/unload
test of 2000000 times.
[0141]
15 On the other hand, when a load/unload test was performed by setting
the rotational speed to 7200rpm, while no crash occurred even by repeating the
load/unload 1000000 times in the case of the magnetic disk according to
Example 1, a crash occurred in the case of the magnetic disk according to
Comparative Example 1 when the load/unload was repeated 800000 times.
20 [0142]
From this result, it is seen to be important that, as in this invention, the
magnitude of the offset of the extreme portion (vertex of the raised portion) 15
of the offset portion 14 present at the periphery of the main surface of the glass
substrate be approximately uniform over the entire circumference of the glass
25  substrate.
[0143]
Although the description is being given using the vertex of the raised

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



extreme portion (vertex of the raised portion) 15 of the magnetic disk substrate in which the magnitude
of the offset of the offset portion 14 present at the periphery of the main surface of the glass substrate
is approximately uniform over the entire circumference of the glass substrate (Example 1 described
15above). Further, another magnetic disk substrate in which the concentricity and circularity of
positions of an extreme portion (vertex of a raised poﬂ?on) 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
20processing fAETHIRCARAIINAIMG pierR S\ IB% Bﬁf@’?é’fﬁn‘@#ﬁ%ﬁi@‘?ﬁt% abBieHER TiSned

Examele 1. Snesiigalis e maAteli sk iUt ComParm N pxamie dyyas gapufactured by

setting the processing pressure and the processing ra e glass

substrate. In thistgieit. Bheaiemtad agnABroressEdoptAsSEXe @ne e ACESSingdiate 25(main
processing pressure x processing rate) was 3.6. [0145] An optical interference surface shape

measuring appiiRg GoirRkMHTantdReapanoyiPredely SnifoTedvilds anidrP was used for the
measurerzgent. 48 OPtiFIat is low in resquBti(ﬁn Put wide in measurement range as compared with
MicroXan® deseHiED'SH8Ve 1%@1%@ ZYB&YR'ft was found that the end portion shape of the glass 5
substrates of ExampleLéﬁqi 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 sul{flyBpecdcaimmsat&urfacth8hdperder 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 10total by rotY@G e §RRe (RRERRIIRY S0aRThETIRELRNERESHXIAIiBEIBARIM he results in

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

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



15As 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 20 glass substrate. On the
other hand, in the case of Comparative Example 2, it%hs found that the extreme portion 15 was
located in a range of 1.4mm with respect to 30.6mm. [0148] The circularity of the magnetic disk
substrate according to Example 1 25 was 0.40(mm) and the concentricity thereof was 1.07(mm). On

the other hand?B{E Bk s i hRHE WidR H1FRLRRETEReR TR ES ESRPAIRARINYHMple 2 was
2.60(mm) andl\%??g&?%ﬁ?'&%@é‘ﬁbtggr{f@é\%@ 5.68(mm). With respect to the height (offset value) of the

extreme portion 15, the values were 49 approximately the same in the structures of Example 1 and
Comparative Example[@1 #8149] Then, for the above-mentioned Example 1 and Comparative Example
2, 5 a load/unload test was conducted in which the rotational speed was set to 10000rpm. This test
was carried out in a stA® dfeshihdhwes deskndrihaistieeandhertignghrngheiohng @asading head was

set to 9 ta.|IOnm. As a result_no crash occurted even by repeating the load/ynload 1000000 times in
the oase 51 XSS E e bt SR PAN G R A S a S AL R SRPES when the
load/unload was sepeRISHiS ARRQ TS nRAMAIE distaiBe 6RAFOfHOtAlRRRIRRGRARIP400rPM
and 7200rpm, no crash occurred even by repeating the load/unload 1000000 times. [0150] Further,
despite the offt8} irathesski-jhenmabapédisktbebstratrsoiviire dfasppubsirattelydberszaneredExample
1 and Comparative Example 2, a crash failure occurred with the structure of Comparative Example 2

when a glide tESTINGS EARTEE IR %’f@ﬁ@fﬁ%ﬂé"egiﬁﬁ@{‘?&m% %é@@ﬂ%%@%r&%ﬁ%?lUr@‘%qcurred
with the structysa o Eample di JhiSHS t%@ﬁ%@]iﬁ}i%lr{ REFRGERERAL A ORI FYiMDR IS

present, since the circularity or concentricity Is
10 total by rotating the glass substrate per 30° in the circumferential direction.

The results in this event are shown in Fig. 4. Fig. 4 is a diagram showing the
results of measuring the radial position of the extreme portion (ski-jump point)
15 of the ski jump.

[0147]

15 As a result, as shown in Fig. 4, it was found that the extreme portion 15
formed at the periphery of the main surface of the magnetic disk substrate
according to Example 1 was 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

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

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

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

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



20(value is small), the change (roughness or undulation) of the substrate surface in the circumferential
direction is small. Further, as a result of many tests, it was found that the circularity was preferably
6001.tm or less and the concentricity was preferably 12001.tm or less. [0151] 25From this result, it is
seen to be most preferable in terms of rotating the mzza}%?etic 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. 50 [0152] (D) Modulation Test A modulation test was conducted for the magnetic
disks obtained in Example 1 and Comparative Example 1. Specifically, a modulation was 5 measured

in a region be MRAAMBAIALEYBrSATSHIMLIR Biuictiusessoh RXGDP IR AR CBMBARINR 2.5-inch (outer
diameter GSmF_]Qé@a%s ubstrate. [0153] Specific measurement conditions followed the following
sequence (1) to (3). 10[0154] (1) Set a magnetic disk in an electromagnetic conversion
characteristic measurif@iagparatus (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 hEf@iéry.the[alegsp-mentioned Example 1 and Comparative Example 2,

5 aload/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, in 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 and 7200rpm, no crash occurred even by
repeating the load/unload 1000000 times.

[0150]
Further, despite the offset values in the magnetic disk substrates were

15  approximately the same in Example 1 and Comparative Example 2, a crash
failure occurred with the structure of Comparative Example 2 when a glide test
was carried out at high-speed rotation. On the other hand, no crash failure
occurred with the structure of Example 1. This is presumably because even if
large (not small) ski jump is present, since the circularity or concentricity is high

20 (value is small), the change (roughness or undulation) of the substrate surface
in the circumferential direction is small. Further, as a result of many tests, it
was found that the circularity was preferably 600um or less and the
concentricity was preferably 1200um or less.

[0151]

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

substrate.



(2) Input a read signal into an oscilloscope. [0156] (3) Derive a modulation per sector at an
arbitrary radial position within the above-mentioned range. 20[0157] As a result, in comparison
between Example 1 and Comparative Example 1, modulation values were better in Example 1. [0158]
Further, the same modulation test as above was conducted using 25magnetic disk substrates having
the same variation in maximum offset value as Examﬁﬂe 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 51 the circularity was
12001.tm or less and {9d %%hcentricity was 6001.tm or less, while, if the circularity and concentricity
deviate from these valt@sgjq?%q%%laﬁ'é%@ results were degraded. In Example 1 and Comparative
Example 1, the magnetic disks were manufactured under the same conditions. 5[0159] (Example 2)

Fig. 5 is a diagram shoyingdie ies ks okl areashancrdae onaninHayaBsetaiskecobaimadiraight line
connecting two arbitrary points with respect to Example 2 and Comparative Example 3. In Example 2,

the processindrxaipn@pbdothieadnupakative: Bxanenie lditiGReakiaaliicaampd akioniovrsl Example 1

d,inC tive E le 3,.th ' f d h djti in th
Zbove-mehi oA FAPeD I S ARG P LATRS opo SIS M hEY G LR 1 ant

Comparative Examifg dehtkp SRene S RIVINUIE HRrietbearniio) gEbe(fsieMigxtreme portion
15) 15in a ski-jump shape was measured at 12 points in total by rotating a glass
[0153]

Specific measurement conditions followed the following sequence (1) to

10 [0154]

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

15 [0155]

(2) Input a read signal into an oscilloscope.

[0156]

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

20 [0157]

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

[0158]

Further, the same modulation test as above was conducted using

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

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



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 20height 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 gﬁiph, 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 251.95nm, respectively, while, the change differences in Comparative Example 1 and

Comparative EX8FpR8 i ass 1ARRH B AT SRsrANAHBeL O8GRI WM BUPHOLBEIeES. The
above-mentogi E TR QA P IRRANE AP As el 40 B Raalprae end porton

shape is a ski-jump’ shape sﬁépe aised with resp main surface 0’in the case of a roll-off

shape being arabapriRnasi gt s RRYrigIde sURIBenpIain awdaceniparatimeFramisi@q those of
5 the above-mentioned Examples and Comparative Examples were obtained as a result of carrying

out the same féssnEEIGRicWisiles the i soprefactuemibuiimbe: SAMRsGANEHInS has been described
with refertgnce to the acg anying drawings, it is needless to say 10that this invention is not limited
thereto. Itls obvious t E(ggpferson skilled in the art can think of various modified examples or revised
examples within the SQERﬁrﬂ fehed in claims and it is understood that those naturally also belong to
the technical scope of this invention. [0163] 15[Second Embodiment]

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
and, in Comparative Example 3, the processing was performed under the same
conditions as in the above-mentioned Comparative Example 1. For
comparison, Fig. 5 further shows Example 1 and Comparative Example 1.
Like the results shown in Fig. 3, the position of the vertex (extreme portion 15)
15 in a ski-jump shape was measured at 12 points in total by rotating a glass
substrate per 30° in the circumferential direction.
[0160]
As shown in Fig. 5, in Example 2, the maximum offset values are higher
on the whole than those in Example 1, but the change (maximum-minimum) in
20 height in the circumferential direction of the glass substrate was still smaller
than that in Example 1.  On the other hand, in Comparative Example 3, the
change was smaller than that in Comparative Example 1, but as seen from a
graph, 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
25 1.95nm, respectively, while, the change differences in Comparative Example 1
and Comparative Example 3 were as large as 16.10nm and 12.50nm,
respectively.

[0161]



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 20magnetic-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 s¥fe substrate, and have also completed the
second mode of this invention described before. 25[0165] That is, also conventionally, it has been
judged before shippin%a glass substrate whether the glass substrate is good or not by measuring the

shape of a peripheral pORIGROMBURR/AIOSRR & 5RIBPISTAN [ BREIAI YR BXARPRIURAIS W at low cost
din ” e Ao
(Gestructve 1oy Seatierd i BRRCEHRHGH HBLTS SO b e SR

(destructive test), Some samples are €

single positiorygpesfita e iblzas begadeyndalat iever itasadsfeliedlisis snepsanifrrileedpsing the
glass 5 substrates judged to be good as a result of the measurement, there are cases where the

number of glaiRvernestraitsReRRe to Hreduiestiateny ain ifyufans, iRuSRMM PRIS @b eserndler of
glass substrates judged to be defective b lide test is small. [Q166] 10In view of this, the inventors
ponve mach a RAEENE DR R ArIRE S D B EUNA & SAEM R JHELR SR B8 e at o
plurality of positigns &p &?rﬁﬁ&@J?fﬁ@@rﬁg%Qf& 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 insf@d#&j, when a glass 15substrate 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 othe 't%‘uth@ﬁﬁ%%@ﬁfb%&%@%@%%ﬁ&% KSR RRSRRIthe radial position
of an ex”emecP@éHHBJBWﬁﬁjr%‘ié'i]sn%fie*}ﬂ@’é’é@oms%ying drawings, it is needless to say

10 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
scope described in claims and it is understood that those naturally also belong
to the technical scope of this invention.

[0163]

15 [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

20 magnetic-disk main surface due to ski jump or roll-off to thereby provide a
magnetic disk that can prevent the occurrence of crash failure even if rotated at
high speed, the inventors have found that the state of ski jump or roll-off differs
at different positions in the circumferential direction even in the same substrate,
and have also completed the second mode of this invention described before.

25 [0165]

That is, also conventionally, it has been judged before shipping a glass
substrate whether the glass substrate is good or not by measuring the shape of

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



surface of the glass substrate, in other words, the radial position where the 20maximum 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] 25Therefore, in this embodiment, it is configured that the offset portion
14 formed with the offset is formed over the entire ciremference 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 54 of the glass substrate. This will be described hereinbelow. [0168]

Next, a descripliMPHARddn BraenamAniies arAmiee dnrReriadpRslAP thea™RRiReic disk

substrate according_ to thi ' tic di r through
anoue rac LakAS SHB G BARGE, RBRRCOVRIRECt, SRt SRR S (R BRRCRA R
substrate acce{@diciel @ﬁ:ﬁmbﬂfémﬁﬁﬁﬁéﬁﬁwéh%ﬁéﬁmt@ﬁmm henstex Ahthe pEset
portion (raised portion or lowered portion) 14 at the 10peripheral portion of the main surface at

approximatelyhﬁ@fsﬁ?ﬂédjmfn@éemdﬁma@Qﬁiﬁ@@f&@@mg@st&ﬁmd,mmarg}@ﬁnal polishing
perinherappor ARSIV HAHEL LB G A ar S bl IO B I ed G A SASFD the fla
surtace is formyack e PRAGE/ S RRASI abUHRNdS Al AUt s eisn @Byt gRiBTBIRGY by the
polishing conditions of the final polishing process. In‘the following description, the conditions for
forming the ralaegepantioniveifchib elescnibedof 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
have 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 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
15 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
20 maximum value of ski jump (rising) formed at an end portion of the main surface
exists, is approximately the same in the circumferential direction is formed into a
magnetic disk and incorporated into a magnetic disk device, no head crash
occurs.
[0167]
25 Therefore, in this embodiment, it is configured that the offset portion 14
formed with the offset is formed over the entire circumference of the glass
substrate 10 and, further, the extreme portion 15 where rising is maximum in the

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



[0170] The required height of the raised portion has been much more reduced 20following
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 25the shape/magnitude of the raised portion, but among
them, particularly the processing rate (processing spé@d) and the processing pressure affect them.
[0172] Hereinbelow, a description will be given of the final polishing process 55 that polishes main
surfaces of a glass substrate usm%a planetar K/gear type polishing machine. It is needless to say that

the final polistPhdsrotass t4rsatearriEhis Wil REAR IR I RIMRRY gear type polishing machine.

For example, the flnal(LB ing process may be applied to the glass substrate using 5a single wafer
type polishing machin T 3] In the final polishing process, the glass substrate is polished by

relatively moving polishig pade serbtisnalasneupediaisr whilemiessingg enealistifer pads onto both
main surfaces of the glass substrate. In this event, 10the machining amount per unit time is the

processing ratéandfasdusing shecprassitig ditk fubstsiiesacte Rdingetpibieonhpprassire.
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 of the main surface at approximately the same distance from
the center of the glass substrate, particularly a final polishing process (second
polishing process) becomes important. Whether the raised portion is formed at
the peripheral portion of the main surface or whether the lowered portion
lowered with respect to the flat surface is formed at the peripheral portion of the
15 main surface is also mostly determined by the polishing conditions of the final
polishing process. 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
20 following improvement in storage density and most of factors that determine the
shape/magnitude thereof depend on the polishing conditions of the final
polishing process.
[0171]
Many of various polishing conditions in the final polishing process affect
25 the shape/magnitude of the raised 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



[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 150.51.tm/min and the processing pressure be set
in a range of 8.5 to 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 (065mm), it is possible to set the
hardness of the polishing pads to 85 (Asker C hardnei%) and the grain size of abrasives to 1.0(.tm). If
polishing not satisfying the 20above-mentioned conditions is carried out, there is a possibility of
degradation of the end portion shape or breakage of theP%Iass substrate. [0175] For

mapufacturing”ﬂ%ﬂ%lé @ﬁm%ﬂflﬁﬁ%‘ié’.&@g@ ﬁgs%? @t@rHEtﬂQ.rﬁéHEWﬁF@M geRbiMhAg final -
polishing using &yl Af 967K e 2Spalate acy i e IR R e ERDL Al axs

rotation spee a carrier and the orbital rotation spe he carrier orbiti e machine also

becomes imparganbd GLEQYItRBuUt usily i PIRIMRIEINY ¢Ra tyRR PankHmMEneAchass. substrates are held

in the carrier. Then, polishing pads are pressed onto upper and lower surfaces of the glass substrates
held in the cargsammentha tiglalishing gresssassantes applirmidpdbegiansiselesiiese ogitg while

rotating Og its axis. That i§ the 5dire|cth)ns of thﬁ.relative movement of the glass substrates and the
polishing a single wafér 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 rate 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 the processing rate be set in a range of 0.25 to

15  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

20 above-mentioned conditions is carried out, there is a possibility of degradation
of the end portion shape or breakage of the glass substrate.

[0175]

For manufacturing the magnetic disk substrate according to this
embodiment, when performing final polishing using a planetary gear type

25  polishing machine, the relationship between the on-its-axis rotation speed of a
carrier and the orbital rotation speed of the carrier orbiting in the machine also
becomes important.

[0176]



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. 10[0177] In order to reduce this variation in the circumferential direction, it is preferable
to set the ratio between the on-its-axis rotation speeo5§nd 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 15portion) formed at the periphery of each glass substrate is often disturbed

in the circumferential dﬁéEﬁoﬂ?[ﬁt?@j @ﬁ@hmf’&}@r%ﬁﬁl'BXSQES@%%@W@E&@%@%@%W% formed
varies in the cggHg%frereﬁathdEﬁE%ﬁ@é/B% ss%%naﬁg/g}% géig;ﬁr%gg\%;é@%% %?geer%@?a%%@%‘aﬁ%d'cmar to

the main surface of the glass , SPeclI a circle tormed by a'line connecting

portions of thegRxdenD PRI Meieoimascesaeadric arRIlipiie Bigngardens grigreusitiaddshanges
occur when the circumferential direction (track direction) in which a recording head (magnetic head)

makes scanniBtecPOYSES@ VieR foensariey pamtisnedetriamesareliscayistior Nat dshérevords, when
e Al Rl e it shest e ol e giges weross
Following the reaichan B {haRg aiRlel 4REOAERSRBR BRI EREERb YERIfo HAPHB st AIPRSHRIY that the
recording head cannot follow such vertical changes, leading to the occurrence of crash failure. Further,
in the case of eilcuméetesiitihgitgotidracd thekg Hes s ubatraissibilityh tsatskirpropdorg e lldgumps 5to
cause degrad?éironr:e(g g’:ethségglﬁle?%ae”rti%ﬁerrg??o% |8rgomgheeacr:ehcglrad;ggsnggﬁéte has variation in
radial position and magnitude at positions in the circumferential direction.
10 [0177]
In order to reduce this variation in the circumferential direction, it is
preferable to set the ratio between the on-its-axis rotation speed and the orbital
rotation speed of the carrier within a range of 0.125 to 8. If polishing is
performed under a condition exceeding this range, the shape of ski jump (raised
15  portion) formed at the periphery of each glass substrate is often disturbed in the
circumferential direction.
[0178]
Then, if the radial position where the extreme portion is formed varies in
the circumferential direction when seeing the glass substrate in a direction
20 perpendicular to the main surface of the glass substrate, specifically, for
example, if a circle formed by a line connecting portions of the extreme portion
becomes eccentric or elliptic or meanders, severe vertical changes occur when
the circumferential direction (track direction) in which a recording head
(magnetic head) makes scanning crosses a locus formed by portions of the
25 extreme portion. In other words, when the recording head scans a magnetic
disk rotating at high speed, the recording head passes across a plurality of

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

[0179]



[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 10the recording head 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, expected that i extreme portion itself has a height difference
depending on the position in the circumferential direction, but this height difference is far smaller than
rising or lowering of the 15extreme portion due to meandering or the like. That is, this invention pays

attention to the fact th&OHMRE MR FRRURtIRBIdh{ |Mmé‘§i%§tpit@§9ﬁﬁeg W%dﬁd@?ﬁ@?entigl
direction that '?gg&%ﬁ;{tﬁ%& 19181 JLBIRIPY 3{3@1%0Fggtﬁéﬂwg‘ﬁe%p‘ﬁﬁnﬁ@cﬁgmféﬁ@W&gb’%ﬁﬂ%lt 1S

possible 20to roughness or undulation in cifcumtere Irection and thus to improve

the flatness pajtightssty, Ridbm§utenResiihatraheeriparakeamagnetugiskrsibiatasehsrgfore,
despite the ski jump or roll-off is present, the flight posture of the magnetic head is prevented from

being disturbegbatasteslishngtiwembgribdiskishese dsataerasiidity Sheé @, eeedin g d@adsibmies of 25
contact between the magnetic disk and the magnetic head. This makes it possihle to significantly
ehance the rERSEHEP AREREHE HAGhIIE SR, TUEURY AT R LG TR0 HOCNSALE. Further,
also with respect to pggg of a magnetic head in the load/unload type, since there is no possibility
58 that the flight posture of the magnetic head is disturbed particularly at the outer peripheral portion of

a magnetic disk or thaCthéhaaghetibdred i daasiiy theoeodreast pititretmbgrietatddsikt the recording
head can stably pass through the end portion of the magnetic disk, which is quite preferable. 5[0182]

Specifically, irPP eimadeidee, saaeidisiansedratiieR et Pbi el sHiRsHaig A iRre rising
B

Cr:ci(r)gv s:é?gr:b%m%ﬁéggl ;@ﬁ%@%%%y@gﬁf m: e circularity decreases (value increases),
10even ifghe mmeordtateingthesifeehsfiheyaxikies pastiondsidgdasmnhiextreme portion
during scanning, it is considered that there is no height difference large enough
to cause a crash failure. It is, of course, expected that the extreme portion
itself has a height difference depending on the position in the circumferential
direction, but this height difference is far smaller than rising or lowering of the
15  extreme portion due to meandering or the like. That is, this invention pays
attention to the fact that it is the change in height of the substrate surface in the
circumferential direction that is important.
[0181]
Therefore, according to the structure of this embodiment, it is possible
20 to reduce the roughness or undulation in the circumferential direction and thus
to improve the flatness particularly at the outer peripheral portion of the
magnetic disk substrate. Therefore, despite the ski jump or roll-off is present,
the flight posture of the magnetic head is prevented from being disturbed and,
even if the magnetic disk is rotated at high speed, there is no possibility of
25 contact between the magnetic disk and the magnetic head. This makes it
possible to significantly enhance the reliability when the magnetic disk is
incorporated into a magnetic disk device. Further, also with respect to

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



magnitude of the offset cannot be approximately uniform as seen in the circumferential direction. In
other words, when seeing a section at a 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
150f 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 magnfl:tﬁde 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 20direction can be made

approximqtelytnﬁtfgiﬁ] gt .F&SHHE% &f the ﬁ‘?@ﬁﬁﬁé}%@iﬁb’;%%d [pagigularly ﬁhm?eﬁ%
concentricty hetyoea Ui A eIR omeg I el s et AUl TEis ATgHR Il

formed by the'extreme portion where ri or lowering is maximum in ortion 14 is

preferably 120€5ntatpiviesshé AHRQPBEID QIBkeSReitéeonaiegretaiala. Staiperaidediisugisthecterably
8001.tm or less. If the concentricity decreases (value increases), even if the magnitude of the offset of

the extreme péRbRstigNfBFMalieagaghtgirkoMhiclbissautamietes®lss approximately uniform as
seenint circumferrargtiaé irection. By setting the concentricity to be within the above-mentioned
range, however, the & de of the offset in the circumferential direction can be made approximately

uniform with respect tasghe gizgi9! IRaESAENG.eRd, HRLGHFaYRs & ismisinhlayBatite

magnitude of the offset be approximately uniform in the circumferential direction at arbitrary radial
positions. By eadssngetipe ticcumiierentisingj rectovetincpis craeiwitinthie theusfides paokoby4lhie extreme
portion and by causing the magnitude of the offset of the extreme 10portion to be approximately

uniform, conta‘é'ieé_@[ él‘?%mﬁdgﬁé'diék%@ﬁ]@éﬁ&ﬁd%%%&% akdpe p é\?g?ﬁé_d. Herein,
"approx'mate'Yd%’%gWH%Péb?é?éﬁtﬁ)% m Ff%‘8%’?&l%kgg%%@%%g@g@%%%%%g ng head) =

1.02mm taking into ‘daccount both the circularity being in't o) range and the size of the

recording(head wiithifr e @ch im el dlisk trad st déidiraptosxtieb®S bortioS Regiitsy, faeexample, when
measuring the offset portion 14 of the magnetic disk substrate at 12 points per 30 in the circumferential

direction, the ¢haggéludetidhreitset aenassee @pprxBRaialy WISoNViRSISeMahREIn this

circumferential direction. In other words, when seeing a section at a
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
15  of the extreme portion of the offset portion 14 (e.g. the height of the raised
portion) changes. That is, if the recording head cannot follow a change in
magnitude of the offset portion 14 while flying over the predetermined radial
position, a head crash occurs. By setting the circularity to be within the
above-mentioned range, however, the offset value in the circumferential
20 direction can be made approximately uniform with respect to the size of the
recording head.
[0183]
Further, the concentricity between the circular hole formed in the center
of the glass substrate and the circle formed by the extreme portion where rising
25 orlowering 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



20range, the effect of this invention can be obtained more reliably. [0186] As described above, if
the recording head cannot follow the change in magnitude of the offset, a head crash occurs. To
explain this in detail, when a recording head flies over a magnetic disk, even if changes in magnitude
of 25 offset are large, if the ratio of the changes is small (gentle), the recording head can follow them.
However, if there is a large offset change in a very short flight distance, a head crash occurs. That is,
the magnetic disk substrate according to this embodiment is a particularly preferable mode when the
head flies at high 60 speed. More specifically, the magnetic disk substrate according to this

embodiment i?ﬁ@@%%@ﬁ’ AotogmassaNidhe Biéct%‘]‘?ﬁ%'aﬁiﬁ' JiresyABtic @i&l@%@i\ﬂgg adapted
o ottt e A BUNAT\GE B T B e L

mounted in a magnetic di 010 It at a rotatio rpm or more, but

particularly in thagaasdef 6 ehofiatinnilespredniaantiit dirkcdevieante effggs of using the
magnetic disk substrate according to this embodiment remarkably appears as compared with that of

using a magn@RpHikaatedyr arifofotMeintresrees invbatrRiae o[esrgcordinpheeadgnetic disk
substrate according toﬁ) is embodiment is preferably used as a glass substrate to be mounted in a
magneticdisk device i h a magnetic head scans an offset portion 14 present at the periphery of

the glass substrate at @ lyj&gf, H‘%@E‘%f@?e@&@fﬂéﬁ%@h@%ﬁtu@%%b offsef Bg magnetic disk

substrate according to this embodiment is preferably used for a magnetic disk with a touch-down
height (TDH) aipptoxdmanitely lasgolinthie tbectirdomiehendial iditeetjcnaharbitnadg tadiacpo siliemsthe
change of offset formed on the glass substrate is large. However, usingé%he magnetic 20disk substrate

of this embpdiﬁﬁéﬁf‘,%ﬁi@%ﬁ%@' W@Fﬁb@@@'ﬁ&ﬁ&ﬂ%@gﬁ%@iﬂﬁtwgﬂ lf&}'_ﬁw%s%iﬁ‘?@n%nal and,
thus, even if ”iﬁeﬂ(}jé%gerﬂ?bég'ﬂéﬁfo% g@%@%ﬁ{ﬁ?ﬁggﬁéﬁgﬂg‘m dbﬁﬁSdoLsteeq’dF {ﬁg%%‘%éo prevent

the magnetic hea Ing cra ISk substrate according to this

embodiment i preterablydiapgrieximaagnaticodisk daving ddtigbdaanedinggieikitdiok 20@QGRE/inch2 or
more and more preferably 250GBit/inch2 or more. In the case of such a high recording density, the
flying height oMmagnssieingaseedndas meramieyestrR@edHerein, "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 the above-mentioned
range and the size of the recording head with respect to the disk radial

15  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

20 range, the effect of this invention can be obtained more reliably.

[0186]

As described above, if the recording head cannot follow the change in
magnitude of the offset, a head crash occurs. To explain this in detail, when a
recording head flies over a magnetic disk, even if changes in magnitude of

25 offset are large, if the ratio of the changes is small (gentle), the recording head
can follow them. However, if there is a large offset change in a very short flight
distance, a head crash occurs. That is, the magnetic disk substrate according

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



61 and thus a crash can be prevented by the use of the magnetic disk substrate of this embodiment. It
is needless to say that the magnetic disk substrate 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 5magnetic disk substrate for manufacturing a magnetic disk with a touch-down height
greater than the above. [0190] The magnetic diSsubstrate 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 surface and the end face, wherein, at a peripheral portion of the main

surface, there%@@ﬁ@-an%@(&?@%ﬁﬁﬁ?ﬂﬂ HTFSBT@Q%E&%&%@?H@F@@BW@H‘Q fetirface, excluding
the peripheral é)'?'%)&]Wéﬁp%(@%fbfi%iggfﬁgﬁ%gg\e}éﬁg% '%lﬁtg#e% %fet %mgdswfgqe of the glass

substrate, a maximum poin reme egree of offset Is maximum, of the

offset portion Hagaesticedieraledics pesipans tyitbtapp oAt ataitiheas epsedisiersedrom arcentral
portion of the glass substrate. [0191] In plan view of the main surface of the glass substrate, the

maximum 20p@iAtef tHBFRs 8, (S5 rEiown 34, imap Fd[resene ikt is g on ez one ragrehitdigispect to
e e T o S e IS 2 15 o
the raised porjigpeiifatifrn sHE eHBESINe HIH I S FRIRSSEE 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 this invention.
10 [0187]
The magnetic disk substrate according to this embodiment is 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.
15 [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
20 disk substrate of this embodiment, the change of an offset portion 14 can be
further reduced than conventional and, thus, even if the flying height of a
magnetic head (recording head) is reduced, it is possible to prevent the
magnetic head from being crashed.
[0189]
25 The magnetic disk substrate according to this embodiment is preferably
used for a magnetic disk having a high recording density of 200GBit/inch? or
more and more preferably 250GBit/inch? or more.  In the case of such a high

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



circularity of a circle formed by the extreme portion 15 is preferably 6001.tm or less. [0193] 62

The glass substrate has a circular hole at its central portion and, 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 concentricity between a circle formed by the extreme portion 15 and a circle formed by the
5circular hole at the central portion is preferably 120 !tm 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, 10inﬁFIan view

of the main suPREA WIS RCHRSECaILRE RES VB HRE RUTPBIHER RiViRe<ABNCHEDEkITBRBEAM surface

'S provided beﬂ’m‘{geéHBSdT}ﬁ‘ghE“rfr’f‘%r?é@dig‘éscll?aggﬁﬁgtfﬂ?g %%%ﬁ%%@?%%‘mfégﬁé%"ered portion

from the main surface may be approximately unifor positions space e center of the glass
substrate by agessteiagninedsisiantrnlodplasb be sintdtdymppnetasishyridessiaietaseorsting to this
embodiment, it is preferable that at least the end face be chemically strengthened and it is more
preferable that'a@ inAInAGOe O Hible Raysgad erottiBgdangittremaiian thetabowe Ristardthe
magnetic@isk substrate, it js more preferable that a 20compressive stress layer be formed at the
Surtaces tereDPBUIESH UM R T 2 S G B DR R b R IRHSD e disk
device adapteqé%ﬁ@t@xga%mggﬁ}g@gtgg{%tjon (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 corf(pr@8sive stress layer be formed 250n the surfaces of the glass substrate.
Herein, the chemical strengthening is a treatment for strengthening a glass substrate by bringing the

glass substrate into coW&dFWﬁﬁ%i'E@ﬁlﬁt%@Mﬁtﬁ@%gi%M@ﬁt%f@%ﬁ“@éﬁﬂéiﬁing a chemical
strengthening galt 16, exaly, SXCOROGRRALILIANS FANRNEHR MGiF3urface, an end face,

10 and a chamfered face interposed between the main surface 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, 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
15 the degree of offset is maximum, of the offset portion 14 may be located at
positions with approximately the same distance from a central portion of the
glass substrate.
[0191]
In plan view of the main surface of the glass substrate, the maximum
20 point of the offset portion 14 may be present in a range of 92.0 to 97.0% with
respect 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
25 portion 15 of the raised portion circularly surrounds the main surface and the
circularity of a circle formed by the extreme portion 15 is preferably 600um or
less.

[0193]



glass substrate for ions in the chemical strengthening treatment solution having an ionic radius greater
than that of the former ions. [0196] (Magnetic Disk) 5Then, 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 éfthe glass substrate. That is, in order to improve
the shape of the main surface of the 10magnetic disk, it is necessary to improve the shape of the main
surface of the glass substrate. Therefore, using the magnetic disk substrate disclosed in this

embodiment, it is possIbIg @ashsURRitate RS ALheiRr dIsleiridis e aHRAERR AMdnHpRIR a

peripheral portjon. o in sur ' fool f ' t [ wn, a
description thé}r%g\{‘ és@%ﬁﬁ%héh?ﬁ%%ﬁﬁ%%?lg&g%%gﬁgh@%%ﬁéﬁggﬁ rf%ntﬁhéﬁr%bodiment
may be a magnesisdiisiriioheirpalarliedirreunag el Gitisk slevirr arideHeasinoiaddype in which a

magnetic head is loaded and unloaded with respect to the main surface through 20 its outer

periphery. Sinbetiedmeneksleffeimedtby peei sdiemsopeshost 1heagid s cittietfareroyRh@e magnetic
disk can he suitable far the logd/unload type. [0198] The ic disk according to this embodiment
may be a%iagﬂfﬁffazrg?i?l]ﬁ %@@ﬁ%ﬂ%ﬁiéﬁ{t %Egd{&%fé@gj&@’aﬁ f&*Pto rotate it at a rotational
speed of at least 5400y@p{@ oy 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 Righ,m@gnetic 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 surface of the glass substrate, a lowered portion
lowered with respect to the main surface is provided between the main surface
and the chamfered face and the depth of the lowered portion from the main
surface may be approximately uniform at positions spaced from the center of
the glass substrate by a predetermined distance.
15 [0195]

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

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

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

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



there is no possibility of contact between the magnetic disk and a magnetic head even in the case of
high-speed rotation and thus the reliability is high. [0199] The magnetic disk according to this
embodiment may be a 5contact-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 magneti@%isk and, therefore, by improving the flatness, in
the circumferential direction, of particularly the outer peripheral portion of the magnetic disk

10substrate as described above, it is possible to prevent jumping of the recording head. This makes it
possible to impl8se HOiFHaIfQuiamy Hh%%%ﬁ%%tﬁ%@éﬁ@ﬂﬁs feRaBRRY SOHHIqB I Magnetic

Disk Device) ]aj1T,?>‘ﬂ?c Ega@%%%%ﬁ]%ﬂqng@?m@@%gﬁ%gﬁc disk, it is possible to form a

magnetic disk device ( e magnetic disk device mounted with the above-mentioned
magnetic disk substrafe {9@prticularly suitable when recording/reproducing information particularly at
high-speed rotation. 20[0201] Although the description is being given centering on the outer

peripheral end face of (Magnggiaddisiisk substrate, an offset portion 14 is also formed with respect to

the inner er!pheral e fag infthe manner as described ahove Itv is needless to say that an
extreme pbriion 15 whLhS ey TGO RLBA0R o LB 4 R ARG e QRSN REEd ot
approximatelydfag sapirdigiance Hsusibng wemien bie 8lashaghetiai§isio 20d (&g o pls
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 is, in 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 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
15  herein.
[0197]
The magnetic disk according to this embodiment may be a magnetic
disk to be mounted in a magnetic disk device of the load/unload type in which a
magnetic head is loaded and unloaded with respect to the main surface through
20 its outer periphery. Since the flatness of the outer peripheral portion of the
glass substrate is high, the magnetic disk can be suitable for the load/unload
type.
[0198]
The magnetic disk according to this embodiment may be a magnetic
25 disk to be mounted in a magnetic disk device adapted to rotate it at a rotational
speed of at least 5400rpm or more. Further, it can be suitably used even in a
magnetic disk device with a speed of 10000rpm or more. This is because

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



65 Hereinbelow, a description will be given of an Example about methods of manufacturing a
magnetic disk substrate and a magnetic disk to which this invention is applied. These magnetic disk
substrate and magnetic disk are manufactured as a magnetic disk having a predetermined shape,
such as a 53.5-inch disk (089mm), a 2.5-inch disk (065mm), a 1.0-inch disk (027.4mm), a 0.8-inch disk
(021.6mm), or a 1.8-inch magnetic disk (048mm). [02@3] (1) Shaping Process and First Lapping
Process In the magnetic disk substrate manufacturing method according to this 10Example, first,
lapping (grinding) is applied to surfaces of a plate-like glass to obtain a ?ﬁlass base member, then this

glass base meéhfferisnPeREIRIEY QiteRRaat ReinesHine magnetitAishiandiasagnet various
plate-like glas sed. Thi 21K - for exar y a known
man ufacturingﬁ%%éﬁ%bdg @&@%s%%%&@ﬁ%vﬁ&%%%srgﬁ%gﬁ ﬁ%%é?,g 1%{ %?g 3%@2\}@ ICrﬂn%t}ﬁ'od, a
redrawing method, or pfitgaPn 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, Tize G Detin iRk sioeorghngrihdis gmbodimeglaardramic (crystallized glass).
As a material of the plate:like glass, use can be made of an 20aluminosijlicate glass, a sodalime glass,
2 borosiitate GLBCG IRl D RS G R R RS glass can bo
preferably useg iyigiins AhopRACALY 6f hringRRRNISRIN S RSFREBRI R theaRaRIY of providing a
magnetic disk substrate excellent in main surface flatness and substrate strength. 25[0204] In this
Example, a motteordingnivezsiliczad giass wite sniol destaneond diskisisapes gt ol ecinpaes svith asing upper,
lower, and drum molds, thereby obtaining an amorphoumate-like glass. As the aluminosilicate glass,

use was maddTRBIPHGIISS A ABRIRIAr St IPRIGHEINEHIBBIREMIN doa AR EBIRERMENts, Sio2: 58
to 75wrio, A2Qeriig P artafkr thé QUL b RERR o ifohi i the NERetic disk

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

[0200]

(Magnetic Disk Device)

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

20 [0201]

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

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

[0202]

(Example)



Then, lapping was applied to both main surfaces of the plate-like glass, 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-like glass from the upper and lower sides, suppihg a 10grinding liquid containing the free
abrasive grains onto the main surfaces of the plate-like glass, and relatively moving the plate-like glass
and the surface plates to each other. By this Iappin%, there was obtained the glass base member

having the flat main sUFRIGRPRIDWERIRSS RGN LB hergyassef @d mgmrigaRg UERSRAD )

The, e Sl SR P G R S e EERLRLR B o

substrate from the glass en, using a cylindrica an inner hole was

formed at a cantesvRMien AihedaThegbstiathdhiegbk ebtrittite an@RmdpedRasrustrate (coring).
20Then, grinding was applied to an inner peripheral end face and an outer peripheral end face using

diamond grinmh@fgqmaébg&amm@ﬂ@ pﬁé&ét@viﬁmecpéﬁdﬁwéﬁﬁge(tﬂoﬁahﬁng,, ShemRSiAg). [0207] (3)
glace suBRBLE T G RTED 28 AT e DS, Gh ARE al WBboha lapping
process, fine iU@Wéﬁ"@ﬁ%‘?@ﬁ@_(ﬁ%@%ﬁ?‘lﬁfﬁﬂﬁmﬁ%ﬁh@ﬁc%%@ﬁ%‘?@ss or an end face _
polishing process as a 67 preceding process can be removed in advance, so that it becomes possible
to complete a subsequyi@f0&jain surface polishing process in a short time. [0208] (4) End Face
Polishing Process (1) Shaping Process and First Lapping Process
In the magnetic disk substrate manufacturing method according to this
10  Example, first, lapping (grinding) is applied to surfaces of a plate-like glass to
obtain a glass base member, then this glass base member is cut, thereby
cutting out a glass disk. As the plate-like glass, one of various plate-like
glasses can be used. This plate-like glass can be manufactured, for example,
by a known manufacturing method, such as a pressing method, a float method,
15 adowndraw method, a redrawing method, or a fusion method, using a molten
glass as a material. Among them, if the pressing method is used, the plate-like
glass can be manufactured at low cost. As a material property of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an
20 aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
used in terms of capability of being chemically strengthened and capability of
providing a magnetic disk substrate excellent in main surface flatness and
substrate strength.
25 [0204]
In this Example, a molten aluminosilicate glass was molded 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



5Then, 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] 10Then, the glass substrate having been
subjected to the end face polishing process was washed with water. By this end face polishing
process, the end faces of the glass substrate were fifi€ned to a mirror surface state that can prevent
precipitation of sodium and potassium. [0210] 15(5) Main Surface Polishing Process A first
polishing process was first carried out as a main surface polishing process. This first polishing process

mainly aims tcﬁrglﬁ%%é%rﬁéﬁg‘&ﬁ%tﬁiﬁ@g@ﬁﬁiiﬂ%yWﬁfirfé’mﬁiﬂ%lﬂ%@érbﬁ?m@%@ﬁmq‘é%éntioned
lapping processes, %W@/J'%PP“%‘%B%%WE@S% 16 AN Gk ocea%lﬁ"?\fgﬁ??“z?%q é\ﬁ)@%ha .
chine & the use of a hard resin

20double-side polishing macHine having a plahetary gear mechanism wi
polisher. Cerium oxidg@dwapive grains were used as a polishing liquid. [0211] The glass substrate
having been subjected to the first polishing process 25was immersed in respective cleaning baths of

neutral detergent, purd iflefRBRNPRAGSRPIRYI taIEHbITTAIRUBHECES ©f HeechiaieeligaHass Then, a
polihing BrooLSY APOAINEH the hent SCRAET vt FoP Clibice LAdoRo PESeE i pshing
process, the MmN RIHGeEGIUBIE-BHENLPRIRY FthERine RiABIRIRIGIdHRMISIREJEZCNIne having a
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-like 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 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]
15 (2) Cutting-Out Process (Coring, Forming, Chamfering)

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

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

[0207]

(3) Second Lapping Process

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

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



planetary gear mechanism with the use of a soft resin foam polisher. As a 5polishing 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 10water, and IPA
(isopropyl alcohol) in turn so as to be cleaned. An ultB%onic wave was applied to each cleaning bath.
[0214] (6) Chemical Strengthening Process Then, chemical strengthening was applied to the glass
substrate having 15been subjected to the above-mentioned lapping processes and polishing

processes. THR'BRBAIAPEARRAITENRE VRIDeYRTHA 8GVBP R eparing & @?&%ﬁﬁﬁ%‘?&%?ﬁng solution
he f f f % his ch I
strengthening GO HoLE 8 e B 3 R SRR BB S Sho Y immersing

in 20 the chemical strgpgatiggning 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 e4irerdiifacesRsilipringaEsosgsstrates to be chemically strengthened [0215]

hion tof anct sour B PO A AF o P L SURS0SeE A1 e ARBucuy Bl ions anc

potassium iO”%‘réf}ﬁ|ﬁ'6‘?lBt9?ér§éE?BQtQ%?U%%%ng’ ‘?ﬁ@ﬁ%&e'w&@]@@b@]ﬁ,gﬁ%‘ﬁ%ﬁﬁ%&“e IS
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 end face
polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.

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

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

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

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

[0212]

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



69 strengthened. The thickness of a compressive stress layer formed at the surface layer of the glass
substrate was about 1001.1,m to 2001.1m. [0216] The glass substrate having been subjected to the
chemical 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 a  be cleaned. Further, the glass substrate
having been subjected to the sulfuric acid 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 prdl‘élﬁ]iﬂﬂa%rma-laﬁaﬁj Q%Mmﬂjﬁ&?@ﬁélﬁwl HFBERINE A8t and second
o o A S e e

obtained a flat, Smoo rigidity magnetic-disk su rocess An

inspection waggaagestiae @bt theshapedlsin@uteonprbrIgdlpartigmridhiae biames anagnetic
disk substrate. An inspection process comprises a measurement process of measuring offset values
and an extrenf@etil ysaitmetirNigdOMIbsINenssH oha setuinsndana @edstien ofABedglass

measured oot AT BN ATE B ST 5. oS U161 5 RERBE SRRMARIAMAOANG process.
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 (isopropyl alcohol) in turn so as to be cleaned. An ultrasonic
wave was applied to each cleaning bath.
[0214]
(6) Chemical Strengthening Process
Then, chemical strengthening was applied to the glass substrate having
15 been subjected to the above-mentioned lapping processes and polishing
processes. The chemical strengthening was carried out by preparing a
chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate (40%), heating this chemical strengthening solution to
400°C and preheating the cleaned glass substrate to 300°C, and immersing it in
20 the chemical strengthening solution for about 3 hours. The immersion was
carried out in a state where a plurality of glass substrates were placed in a
holder so as to be held at their end faces, thereby enabling the entire surfaces
of the glass substrates to be chemically strengthened.
[0215]
25 By performing the immersion treatment in the chemical strengthening
solution as described above, lithium ions and sodium ions in a surface layer of
the glass substrate are replaced by sodium ions and potassium ions in the

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



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 70 layer of a CoTaZr-group alloy, an underlayer of Ru, a
perpendicular magnetic recording layer of a CoCrPt-group alloy, a protective layer of hydrocarbon, and
a lubricating layer of perfluoropolyether were formed in_this order, thereby manufacturing a
perpendicular magnetic recording disk. This structure® one 5example of the structure of a
perpendicular magnetic disk (PMR: Perpendicular Magnetic Recording), while, magnetic layers and so
on may be formed as a horizontal maqﬁnetic disk (LMR: Longitudinal Magnetic Recording). This makes

it possible to rAHRNEbRNES mAgRAHIC Tﬁsﬁﬁiﬁg‘:ﬁ@ﬁ’ﬂ%@.@l"ﬁa@ﬁ@% éﬂ‘é(&%ﬁ%ﬁ‘%gt@ Reripheral portion
of a main surfagglhel o 101G2RONCALNMAOALE RISk Dt MAMag uBRRoces By

incorporating t ove-mentioned magnetic a device, a magnetic disk device was

manufactured. Since t[gesgycture of a magnetic disk device is known, a detailed description thereof is
omitted herein. 15[0221] (Example 3) By applying the following polishing conditions to the second
polishing process of (5)QassFdbst et B lrersUbinsiBddathn ehamieginetic disk substrate, a

magnetic disk, and g magnetic djsk device were manufactured. 20Ip thjs Example 3, a 2.5-inch disk
(065 s ARG AL SR NS Eo RIS GAIE 2P eS8 ARfd B hat, ke in
the case of theahanesmnalionsd Feamaisch ibedRidneosohalishingeademyagsel/e8aiasker C
hardness), the grain size of abrasives to 1.0(.tm), the processing rate to 0.30(.1,m/min), and the

processing pregassestdoS{iRde. Eisahis) érsanh plec8noltirtite d scdfnd @ atid diezat dd thmimvention was
described as Exgmple 1 in the first embodiment of this invention.) (Comparative Exam%Ie 4) A

magnetic disk 42st3RARIMBGRaRMS, dndr i RfalifcateasRRNIgée having been subjected

to the sulfuric acid cleaning was immersed in respective cleaning baths of pure
10 water and IPAin turn so as to be cleaned.

[0217]

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

15  above, there was obtained a flat, smooth, and high-rigidity magnetic-disk
substrate.

[0218]

(7) Inspection Process

An inspection was conducted about the shape of an outer peripheral

20 portion of the obtained magnetic disk substrate. An inspection process
comprises a measurement process of measuring offset values and an extreme
portion 15 at a plurality of positions in the circumferential direction of the glass
substrate and a judgment process of judging whether the glass substrate is
good or not based on the measured offset values and extreme portion 15.

25 [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



71 according to Comparative Example 4 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 4 were such that, like in the case
5 of the above-mentioned Comparative Example 2, the processing rate was set to 0.45(.1,m/min) and
the processing pressure to 8.0(Pa). (That is, Compaer ve Example 4 was described as Comparative
Example 2 in the first embodiment of this invention.) (Comparison between Example 3 and
Comparative Example 4) 10The shape of an extreme portion 15 present at the periphery of a main

surface of eacd@iRE Iaghade aIokR MQYafik YRARTRANGN RIS SHRRIASAXS RIS ARIC

Shane 151 ool A G R O PR e 0 R GBE 803 e of e
magnetic disk sisikeiengnagelics peierierepes suitoRsiaioreRpBLIiG Gridled siesdi§ptiFlat

(manufactured by Phase Shift Technology, Inc.)) was used. As a result, it was found that the end

portion shape Bthiéf radEng BRRIRGIENanPRIBElIRIreraTiatdiak ExdRiplstaalaseaiskiamp
<k Shap B B0 LR e et P I Mra e T BREPSLeBiamine the
displacement pf 46 tesiBBaRbiRg VIR, IRRG RiruBYBreniial dicsiionajsnaniien ablhe vertex was
measured at 12 points in total by rotating the glass substrate per 30 in thé circumferential 25direction.
The results in tiuezordat aragstediodiskHigVR :Higngitsidirtbddtagnstiokagdrdingsult$ lié med@sing the
radial IOOSitioni’[o fpgg%i%)l(gt%mn%aPnolJr%g)cn[u(rsekie_lj lrjnrg%r?gtllgt)dlls?( %fat\t]iﬁgswiéwﬂg\'/e[(l)ﬁg?r]]egg also at an
outer peripheral portion of a main surface thereof.
10 [0220]
(9) Magnetic Disk Device Manufacturing Process
By incorporating the above-mentioned magnetic disk into a device, a
magnetic disk device was manufactured. Since the structure of a magnetic
disk device is known, a detailed description thereof is omitted herein.
15 [0221]
(Example 3)
By applying the following polishing conditions to the second polishing
process of (5) Main Surface Polishing Process described above, a magnetic
disk substrate, a magnetic disk, and a magnetic disk device were manufactured.
20 Inthis 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
25 the second embodiment of this invention was described as Example 1 in the
first embodiment of this invention.)

(Comparative Example 4)

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



As a result, as shown in Fig. 6, it was found that the extreme portion 15 formed at the periphery of the

main surface of the magnetic disk substrate according to Example 3 was located at approximately the

same position (distance) as seen from the center of the glass substrate and, specifically, was 5located
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] 10The circularity of the magnetic disk substrate according to
Example 3 was 0.40(mm) and the concentricity thereof was 1.07(mm). On the other hand, the

circularity of tREAMAEIMSIOfINPRHSINR BXaviRie ¢ e MU dBKIRe was 2.60(mm) and the

concentricity thereof - ' | tv rtion 15,
the values wergeB aﬁ%ﬁﬁ?ﬁ%@@%ﬁ@( s%]trrg' 2@@?&@%@%@%@% é@%ﬁ%@rﬁéﬂ%ﬁg@gxample
4. [0225] (B) Lprdddaderipbish(rerpresisenwidier saamtaettsirmihg awansyasliskena spuehie
magnetic layer was 20 formed on the magnetic disk substrates according to Example 3 and
Comparative RRISPROLaRditieagrstearmadativieEyasroitdnutiersta tad, dikedo/thtoeabtest was

ducted in which the rotati 10 10000rpm, In thi t, the flying height of
rocording hoall WS S0HS OB TONAC K E PALa I N BB PLOE o) A NE I Y o

251000000 g s i846 e piRlecdo iy lsrdadtife 48 OEGMRATRAMR Reafiple liva crash

occurred when the load/unload was repeated 600000 times. In Example 3, in the case of a rotational
speed of 5400Exanapleé 420a8spte sodlnedsisdcoorpanativentbiarepleaiing the losidémibmetini ©0000 times.
73 [0226] Further, despite the offset values were approximately the same in Example 3 and
Comparative EXSHPIEMUI drash failure occurred with the structure of Comparative Example 4 when a

glide test was carried ?C'Bf"r]iparison between Example 3 and Comparative Example 4)

10 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 3 and Comparative Example 4 was inspected by the following method.

[0222]
(A) Specification of Surface Shape

15 In order to examine the shape (end portion shape) of the periphery of
the main surface of the magnetic disk substrate, an optical interference surface
shape measuring apparatus (OptiFlat (manufactured by Phase Shift Technology,
Inc.)) was used. As a result, it was found that the end portion shape of the
glass substrates of Example 3 and Comparative Example 4 was a ski-jump

20 shape. And from this measurement result, the distance of the vertex (extreme
portion 15) in the ski-jump shape from the center of the glass substrate was
measured. Further, in order to examine the displacement of the position of the
vertex in the circumferential direction, the position of the vertex was measured
at 12 points in total by rotating the glass substrate per 30° in the circumferential

25 direction. The results in this event are shown in Fig. 6. Fig. 6 is a diagram
showing the results of measuring the radial position of the extreme portion
(ski-jump point) 15 of the ski jump.

[0223]



5high-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 is small. Further, as a result of many tests, it was 10found that the
circularity was preferably 6001.tm or less and the cor?c%ntricity was preferably 12001.tm or less. [0227]
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 150ffset portion 14 present at the periphery of the main

surface of the glass s'lﬁr%@aﬁ%s!dg’éﬁﬁ)m%ﬂ'@lf l%e%é?ﬂ@ﬁmfﬂ”rén mw&?e?%ié?m?eEH&@TQ@S] (o))
influence of Eqd arion Shae et siaenee ghihe eighl aibe.siame pRiipndS in the 20

circumferential direction wa n examination was made e intfluence of the change in

height of the vagisordinghe SRy SNialdsestisn avEibsroxaaacsiy eheksunstiisitionvhich the radial
position of the extreme portion (vertex of the raised portion) 15 of the offset portion 14 present at the
periphery of tHeigtanceldaceonttion e captarabtReappas@ubsiiattandnseeqifieathsok@smierential

i hetgt O (G I BB AT HrCLTErP R IR SErRA AT P GeiBU e rhtoned |~
Example 3 wag| RERABEHATOORAIRY HHRFHARLS i tHITHREPEBL Bk iRel ke RbIé4, 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 Example 3
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
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

15 approximately the same in the structures of Example 3 and Comparative
Example 4.

[0225]
(B) Load/Unload Test Comparison
After manufacturing the magnetic disks in which a magnetic layer was

20 formed on the magnetic disk substrates according to Example 3 and
Comparative Example 4, the magnetic disk devices were manufactured, and a
load/unload test was conducted in which the rotational speed was set to
10000rpm. In this event, the flying height of a recording head was set to 9 to
10nm. As a result, no crash occurred even by repeating the load/unload

25 1000000 times in the case of Example 3, while, in the case of Comparative
Example 4, a crash occurred when the load/unload was repeated 600000 times.
In Example 3, in the case of a rotational speed of 5400rpm and 7200rpm, no

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



Comparative Example 5 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 3.
Specifically, the magnetic disk substrate of Comparative Example 5 was manufactured by setting the
hardness of 5polishing pads to 85 (Asker C hardness_} the grain size of abrasives to 1.0(.1m), the
processing rate to 0.60(.1m/min), and the processing Esressure 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.) 10Then, in order to examine the
change in height of ea@?é@ss substrate in the circumferential direction, the maximum offset value of

each substrate betweqfhpm%er%%@%%'@gff\é/gf\;gﬁ%itg%i%%%ﬁg%%Igtéggg%?%@ment range (R1,

R2 in Fig. 2) of the maximum’o value was determin it was p See the change of

the extreme pexigmgdie DanadHpihner Brempi theaneriR B isiage ottinrelassitpuiprirate and
having heights that differ in the circumferential direction. Herein, the distances from the center of the

substrate werélsectore @beMERI Rty Riasmpie (Rahaepeitiodrstaras sadiaskastifihg apparatus,
use was made of an optical jnterference, surface shape measurin aratus (Micro

(manutachired B SHRRS SHAUREhr ISP SHIRE SRt B8 Ho DSt i A Emeastred at
12 points in totgh it RIS ANEARTBISUOPHRIG RS 30M UL S SESHE RAFENIH I‘é'r(‘;(jét{ﬂ_at MigamKam is
narrow in measurement range but high in resolution as compared with OptiFlat described above.
[0229] 25Thatskij e mizximasendfisieicestine creatanigddryctreabtriatyrisritighddatuetimdmeiiesents the
magnitude of the offset between the above-mentioned straight line connecting R1 and R2 and the

vertex (extreﬁ@%&ﬂ%@?é_}'%@ﬁ@%%”ﬂ%{%m piite; %ﬁﬁﬁ?erﬁ%rf%%ﬁlt@ %_shown in Fig. 7. 75
[0230] A%ﬁ@ﬁ}?@e\%ﬁﬂ% glirtélﬁiSHE}Q %A&ll?e'ﬁﬂ?tﬂfeﬁh%'é‘?és?HPSEﬁ{SHgf@gt?rﬂv rential
all'in Example le 5.

direction is small'i as compared with that iIn Comparative Exam Specifically, the
change diferefoemintbxemeleiduvastp 86 pretekilsy thecirangasieistcrdreGinspaisiiye Example 5

was 16.10nm. [0231]
was preferably 1200um or less.
[0227]
From this result, it is seen to be important that, as in this invention, the
radial position of the extreme portion (vertex of the raised portion) 15 of the
15  offset portion 14 present at the periphery of the main surface of the glass
substrate be approximately the same in the circumferential direction.
[0228]
(C) Influence of End Portion Shape
Next, the influence of the height of the extreme portion 15 in the
20 circumferential direction was examined. An examination was made of the
influence of the change in height of the vertex, in the circumferential direction, of
the magnetic disk substrate in which the radial position of the extreme portion
(vertex of the raised portion) 15 of the offset portion 14 present at the periphery
of the main surface of the glass substrate is approximately the same in the
25 circumferential direction (Example 3 described above). Further, another
magnetic disk substrate in which the change in height of the vertex in the

circumferential direction is greater than that of the above-mentioned Example 3

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



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 10load/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 IOnm. [0232] As a result, in the case of thé magnetic disks according to Example 3 15 and
Comparative Example 4, no crash occurred even by repeating the load/unload 1000000 times at a
rotational speed of 5400rpm. With respect to the magnetic disk of Comparative Example 5, a crash

occurred in a [GRAIRAIGAY G=XBMPIDS0YBTIMAEUBSBEPSBY-PEHINEIH R AIRCRISIBEAH E§ BB nost

orable . o v | . .
i racial posiian A T AU e AL Sl e FE gl 0 =
[0234] 25Whilgnthresesonst ieiaoesembadprest ofSpicifvantiand arbaernclarkihaskitereference

to the accompanying drawings, it is needless to say that this invention is not limited thereto. It is
obvious that aQddroorPsKAEEF Yas@ieca v aa R wiactuedbylisiedirg dhephas dressiebd examples

within the_76 scape.described ip clagims and it is, understood that those naturally also pelong to the
technical ScomO PO RASRUSE TSP St BRCHERE h N BB RO BN RS Thdu iiEhtoned
Example 5tham@e§ﬁe@é§r§®%@&@i@%@(mfﬁm?,ngﬁa (A SH3eSEMPHRBssSElRSS Slogtass ceramic
(crystallized glass) can be used; as a material of a plate-like glass, aluminosilicate glass, sodalime

glass, borosilitiageigltss castheflike) aHoveewse ntimed s mpardiore releetpte the ghapeisf a substrate,
this invention is not limited to a material of the substrate and thus can be suitably applied, for

10example, efeAMBA R FARTRRIS YaniRRtIRest asi-qaRa'ativg Fampigd 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
between two arbitrary points was measured. Specifically, 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

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

20 Inc.)). Then, the position of the vertex was measured at 12 points in 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]

25 That is, the maximum offset value measured by the above-mentioned
method represents the magnitude of the offset between the above-mentioned
straight line connecting R1 and R2 and the vertex (extreme portion 15) of the

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



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. [0236]
15The 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 the7pr%riphery of the main surface, there is provided
an offset portion 14 raised or lowered with respect to a flat surface, other than the 20periphery, of the
main surface, the offset portion 14 is continuously formed in the circumferential direction of the main
surface, and the positi@rggphn extreme portion 15 where rising is maximum in the offset portion 14 is

located at approximat%g %Wﬁlﬁ@?@% é@ﬁb gﬁlﬁ%@% m?gr@gges JB&?Z} gﬁthlP% c;ffset

portion 14 may be forme €7 periphery or a main surface o

disk-shaped nya@netie sk o anedtiviinasnnenD@indls serieiopipasydoritarmetiat each of them. In
this invention, when the offset portion 14 is formed at each of the inner periphery and the outer 77

periphery, at |6zxMpatdythExaroie brtiohpacifieallyhiechangsodiienence ie & xRAINE FLVRss
preferable tha ticularly the outer periphery where the linear velocity of a recording hgad is high
e the doove T ORI R THORE KB EEAPi g BIGPALY® EXA S dHon e BBset as a
magnetic disk substra{gégq yse 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 main surface,

an end face, a chamfefdidfanarfofactalringhires mtyn etasksacevinichthereaghitoe|ayed waoffset
portion, at a periphery of the main surface, formed with offset raised or lowered with respect to a flat

surface, other AEHOPENP RAGNGTihEiskRy Relralss, ansersing to Example 3 and

Comparative Example 4, the magnetic disk devices were manufactured, and a

10 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.

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

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

[0233]

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

[0234]

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

the art can think of various modified examples or revised examples within the



said offset portion has substantially the same shape over the entire circumference of said substrate.

2. 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 %in surface of said disk-shaped substrate, said
raised portion surrounds said main surface with substantially the same height. 3. A magnetic disk
substrate being a disk-shaped substrate having a generally flat main surface, an end face, and a

chamfered facteRRErgesEHRSShIREIRIMS ARAHISS I AAAdhaIdase, RakRli-alsoiRgipigview of
the main surfat%eé%%%Hiﬁgrss}%%%d@qﬁﬁtrﬂ%rﬁi cH/ve_red portion lowered with respect to said main
ar shape be

surface is formed In a circu ween said main surface and said chamfered face and said
lowered portion has sybsgsjtially the same depth from said main surface at positions spaced from a
center of said disk-shaped substrate by a predetermined distance. 4. A magnetic disk substrate
according to any one &ffl@¥asDl@, Hriths hekerdigscribesio Hud sbatecisnelipiesubxaarel@apable of

bei hemica|| th d hayi ion-exch dl tatl f th f d
facos of cic QIBCHReE AT ate AHUR AL oY Gt SR LA GUAS 8y BPIO BIaHe A b face than
at the main sugiace cerarfic\RAdARIR diglasupeliAte a2k mhrRes srasyiate-aRg having a

generally flat main surface, an énd face, a chamfered face formed 79 between the main surface and

the end face, giasanaiisenpsititare gl aspedptaliynef giess)dioresifieade glses] or tbedikex) . with respect
to a flat surface, other than the periphery, of the main surface, wherein: said offset portion is

formed over t%%ﬁsrcﬁmﬁfgﬂéd&‘% E%{?_d %'l%%%&?ethﬁrﬁhapeéﬂ @)&F@ﬁ’@aﬁérﬁeﬁ WY&rdiRBing or
lowering is ma '%Wrﬁtéé'?ooaﬁffﬁét%%ﬁ'lo&f éogﬁb%qra{éanat%@%\éﬁhsesqugg OeHOFBra center

of said substrate. magnetic disk wherein at least a magnetic layer n the substrate

accordintpto clgianiple, everAdNagNBEE aliskrange shingLinialanog avhareaadavshitiowin hedght is 4nm
or less. 8. A magnetic disk device mounted with the magnetic disk according to any one of claims
6to 7. described above, however, a glass substrate excellent in substrate surface
flatness and substrate strength as compared with an aluminum substrate is
preferable particularly for a mobile device.
[0236]
15 The magnetic disk substrate according to this invention is a magnetic
disk substrate having a generally flat main surface, an end face, and a
chamfered face formed between the main surface and the end face and may be
configured such that, at the periphery of the main surface, there is provided an
offset portion 14 raised or lowered with respect to a flat surface, other than the
20 periphery, of the main surface, the offset portion 14 is continuously formed in
the circumferential direction of the main surface, and the position of an extreme
portion 15 where rising is maximum in the offset portion 14 is located at
approximately the same distance from the center of the substrate.
[0237]
25 The offset portion 14 may be formed at the outer periphery or the inner
periphery of a main surface of a disk-shaped magnetic disk formed with an
inner hole in its center or may be formed at each of them. In this invention,

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

[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.
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CLAIMS

1. 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:

said offset portion has substantially the same shape over the entire
circumference of said substrate.

2. 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
raised portion surrounds said main surface with substantially the same height.

3. 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:

in plan view of the main surface of said disk-shaped substrate, a
lowered portion lowered with respect to said main surface is formed in a
circular shape between said main surface and said chamfered face and said
lowered portion has substantially the same depth from said main surface at
positions spaced from a center of said disk-shaped substrate by a
predetermined distance.

4. A magnetic disk substrate according to any one of claims 1, 2
and 3, 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.

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

said offset portion is formed over the entire circumference of said
substrate, and

an extreme portion where rising or lowering is maximum in said offset
portion is located at substantially the same distance from a center of said
substrate.

6. A magnetic disk wherein at least a magnetic layer is formed on
the substrate according to claim 5.

7. A magnetic disk according to claim 6, wherein a touch-down
height is 4nm or less.
8. A magnetic disk device mounted with the magnetic disk

according to any one of claims 6 to 7.





