1 SsASS.SUBSTRATE, MAGNETI C RECORDI NG MEDI UM AND METHOD OF gﬁyggﬁﬁlgRlNG '
THE MAGNETI C: RECORDI NG MEDI UM Background of the [ nvention: ntion
relates to a magnetic recording nedi umused . for a conput er and@pﬁb @@%ﬁs
Heret of ore, an alun1nun1substrate has been widely used for a magneti
recordi ng medi um such as a magnetic disk. However, the al uninum substrate
has been gradually replaced by a glass substrate mhich I s advant ageous in
strength and fl atness as conpared wi th the al um num substrate. On the ot her
hand, a thin-filmhead has been w dely US?d as a magnetic head. However,
the thin-film : '

GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM AND
METHOD OF MANUFACTURING THE MAGNETIC RECORDING MEDIUM

-~

Baockground of the Inventlon:

This invention rékates to a magnetic recording
medium used for a computer and the lika.

Heretofore, an aluminunm subztrate has been widely
. used for a magnetic recording medium, such as a magnetic
disk. Bowever, the aluminum substrate has been gradually
replaced by a gia-s substrate which is advantageous in
stxength and flatnhess as compared with the aluminum
substrate.

On the other hand, 2 thin-film head has been
widely used as & magnetic head. However, the thin-film
head tends to be recently replaced by a magneto-resistive
head (MR head) and a giant magneto-resistive head (GMR °
head). Therefore, development would be directed to a
magnetic recording medium which can be matohed with the
magneto-resistive head. Such a magnetic recording medium
often has a glass substrate.

However, reprouduction errors very oftén occgur and
a reproduction bacomes more difficult as a flying height
becomes lower when the magneto-resistive head runs along

the magnatic recording medinm of the glass substirate.
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head tends to be recently replaced by a.nmagneto- re5|st|ve head (MR head)
and a gi ant - nagneto-resi stive head (GWR ‘head). Theref ore, devel opnment woul d
‘be directed to a magnetic recordi ng medi um whi ch can be matched with the '
magnret o-r esi stive head. Such a‘'magnetic recording nediumoften has a glass
substrate. However, reproduction errors very often occuﬁss&ﬁdl{asBui

becones nore dlfflcult as a flying hei ght becones | ower
magnet o-resi stive head runs al ong the nagnetlc recordln
gl ass substrate . 2

Summary of the Invention:

It 19 an object of this invention to provide a
magnetic recording madium which is capable of zeauciné a
reprgdnot.ion error even if a flying height of a magnetic
head becomes low. ‘ -

As mentioned above, the repréduetion error often

occurs when the flying height of the magnetic head
becomes low. Therefore, clbse Anvestigation has been
carried out about the cause of the reproduction exror.
According to the inventors' experimental studies, it is
found out that particles are attached on a principal
-surface of a glass substrate and projections are formed
due to the particles on the magnetic recording medium.
8uch projections bring about a thermal asperity which
causes the magneto-resistive head to generate heat. As a
result, a resistivity of the head is fluctuated and
thereby, an adverse influence is given to electro~
magnetic convarsion.

Further, the &hermal'asperity is often generated °

for the magnotic disk after a glide test forx éhecking a
head crash. 1In this case, variovs particles bring about
the thermal asperity. For example, such paxticles may
include a particle which gives an adverse influence when
the head is afloat. Such a particle comprises an angular
or irregular configuration. | _
Subsequently, the cause that the particles are
attached to the conventional glass substrate has been

investigated. As a rasult of the inveetigation, it 1s



Summary of the Invention: It is an object of this . invention to provide a

magnetic recordi ng medi um which is capabl e of redUC|ng_a_LepL@ducLLgn_eLror 
even if a flying height of a magnetic head becones Iow nentloned above

t he srgproduction error often occurs when t he flying h ﬁ%tlc
head beconmes | ow. Therefore, close investigation has: be about
the cause of the reproduction error. According to the in

experimental studies, it .is found out that particles. are attached on a
princi pal surface of a glass substrate agd projections are forned due to
the particles on the magnetic recording nmedium Such projections bring

about a thermal asperity which
found out that the particles generated from a side end

gurface of the glass.subairate ara attached to the
principal surface of the glass subatrate. This i&
because the end side surface is rough as cuhpnred with a
principal purface of the glass substrate. Spéaificallr.
when the glass substrate iz got in and out of a-hous1n§
of a matarial such as a polycarbonate, the aide end
surface of the glass iubctgate is inevitably contactad'
with an {ntexrnal gurface of the housing. Such contacts
of the side end surface with the housing give rise to
generation of the particles and the generated particles

- aYe attached on the principal surface of the glass
substrate. '

' - Conventionally, an attention has been generally
paid for the side end surface only from the viewpoint of
a mechanical strength of the glass substrate. In |
contrast, an attention iz paild in U.S. Patent No.
5,569,518 for avoiding generation of the particlez by
chemically etahing or polishing the side end surface into
a chemical polished surface. It is known in the art that
such a chemigal polished surface is rough and exhibits a
mat. (or dull) finished surface. As a result, it has been
confirmed that the side end surface must be precigely
polished by mechanical polishing to avoid generation of
the particlea. Conventionally, the side end surface is
procossed by chemical etching. EHowever, the chemical
etching process is not enough to suppress generation of

" the particles,



. causes the7hédhetd-fesistfve head to generate heat. As a result, a |
resistivity of the head is fluctuated and thereby, an adverse influence is
given to el ectro- magnetic conversion. [Further, the t her mal asperity is.
of tenigenerated for the magnetic disk after a gllde test for checking a
head crash. In this case, various particles bring about the thernal
asperity. For exanple, such particles may include a particle which gives an
adverse influence when the head is afloat. Such a particle conprises an
angul ar or irregular configuration. Subsgquently, the cause that the
particles are attached to the conventional glass substrate has been
I nvestigated. As a result of the investigation, it is
Herein, it is assumed that a magnetic recoxrxding
medium which is manufactured by the use of the glass
subgtrate is shaped in a disk which has an inner
periphery and an outer perxpgery. In this event, the
inner and the cuter perxipheries arxe irregularli etched, .
which might result in deviation of an axis.
On the other hand, the present invention points
out that gunaration of palecles can be prevented by
mechanically polishing the side surface into a mirror
finished surface without any deviation of an axis in a
magnetic recording medium. '
Specifically, according to this invention, the:
glass substrate bas a pair of pxincipal surfaces oppos}te
to aach other and & peripheral side area contiguousg to
the principal surfaces. The pevipheral side area has a
side end wall and intermediate regions between the side
end wall and the principal surfaces. In this case, at
least one of the intermediate regions and the ¢ide end
wall ig formed by a mirror finighed surface which has a °
surface roughness Ra not greater than 1 4 m or a surface
roughness Rmax not greater 4 z wm. - '

In this invention, no particles are generated
because the side end surface of the glass substrate is
mirror finished. Consequently, reproduciang function is
not reduced by the thermal asperity. Furthex, a head
crash can be sufficiently prevented since no projections

'are formed due the particles on the magnetic recording

medium.,
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3 found out that the particles generated froma side end surface of the

gl ass substrate.are attached to the princi.pal surface of the gl ass
substrate. This is because the end side,surface is rough as conpared with a
pri:nci pal surface of the glass substrat e. Specifically, ‘when the gl ass
substrate is got in and out of a housing of a material such as a '
polycarbonate the side end surface of the glass substrate is inevitably
contacted with an internal surface of the housing. Such contacts of the
side end surface with the housing give risg to

- Bxief Description of the Drawinge:
Fig. ! shows a croas sectional view of a paxrt of

a glass substrate; and

Fig. 2 shows a graphlical representation for use
in illustrating results of glide yield ilosaes of various
samples to specify the samples according ta this
invention. '

Dazcxiption of e gxefor:ad Embodiment.:

Referring to Fig., 1, description will bhe made
about a glass substraie 1 of this invention.

The glass substrate 1 has an end portion in
section, as illustrated inm ¥ig. 1. In ¥ig. 1, the glass
substrate 1| has principal surfaces 3 opposite to each

other and a pe:ipherai gide are;'z contiguous to the
principal surfacea 3: The peripheral side area 2 has a
side end wall A and intermediate regions B and C between
the side end wall A and each of the principal suf!acéa 3.

_ In the illustrated example, each of intermediate

regiong B and C 12 intentionally chamferad into a 2
chamfered poxtion by a chamfering process, as will later
be discusied. Rowaver, the intermediate regions B and c
wmay be unintentionally chamfeied during a grinding or a
polishing pxocesQ, ags will later be digcussed also.
. Berein, it 1is to_ba noted that the side end wall A apd
the intermediate regions B and C axe all mirrox finished
by mechanical polishing and therefore have.qechanical

polished surfaces specified by a surface roughno:t Ra

which is not greater than 1 z2 m, where Ra is
s Sheet Has Been Replaced
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generation of the particles and the generated particles are attached on the. .
principal surface of the:-gl-ass substrate. Conventionally, an attention has
been generallly paid for the side end surface only fromthe viewpoint of a
mechani cal strength of the gl ass. substrate. I.n contrast, an attention is
paid in U S. Patent No. 5,569,518 for avoiding generatlon of the particles
by chem cally etching or polishing the,side end surface into a chem cal
polished surface. It is known in the art that 'such a chem cal polished
surface is rough and exhibits a mat (or dulfl) finished surface. As a
result, it has been confirmed that the side end surface nmust be precisely

pol i Shed by ”EChaEi-Si‘L.MJ&W‘%ft thvgéﬂ&gq(i;ngt nn roughness (defined
in.Japanese Industrial Standard JIS B 0601). The
machanicdl polished gurfaces will alsb be callad mirror
£inished surfaces hereinun¢ér because they are subjected
to a mirror finished ptdce;s. However, such-a mirror
finished surface may be formed on at least oné of the
side end wall A and the intemmediate regions B and C. In
this event, the surface joughness Ra £alla prefezably in
' the range of _0.001 to 0.8 4 m, and moye preferably, in
the ranga of 0.001 to 0.5 um.

Alternatively, the mirror f£inished surface may be
represented by a surface :oﬁghness Rmax, whexre Rmax isa
defined as a maximum height repreagntative of a
difference between a highest point ﬁnd'a lowest point,
instead of Ra. In this event, the surface roughness Bmax
;nay be not. greater than ¢ zm., Preferably, the maximum
height Emax falls within the range between 0.01 and
2 g m, and more preferably, within the range between 0.01
and 1 x B, , z

‘Thus, the glass substrate 1 according to this
invention has the mirror finighed surfaces each of which
is specified by the suiface roughneds Ra not greater than
1 s m or the surface roughness Rmax mot greater than
4 g m. Under the circumstances, it has been conflirmed
that no projections are generated on the principal
surfaces 3, resulting from the surface roughness of the
¢ide end wall A and the intermediate ragions B and C of
the glass sgubstrate 1. Cbnsequnutly, it has been found
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the particles. Conventionally, the side end surface is ‘processed by

chem cal et ching. However, the chem cal etching process is not enough to
suppress generation of the particles. , 4 Herein, it is assuned that a
magneti c recordi ng nedi um whi ch is manufactured by the use of the gl ass
substrate is shaped in a disk which has an inner periphery and an outer
periphery. In this event, the inner and the outer peripheries are
irregularly etched, which might result in geviation of an axis.

out that no thermal asperity is generated.

Further, rounded surfaces 4 are formed betwean
each of the principal surfaces 3 and each of the
intermadiate regions B and C. In additiom, rounded
surfaces 4 are formed betv;en each of the L;Lermediate
regions B and C and the side end wall A. Rach zoundéd
surface 4 has a radius between 0.2 and 10 mm, preferably
between 0.2 and 2 mm, and more preferably betweea 0.2 and
1 mm. Generation of the particles can completely be
prevented by forming the rounded surfaces 4.
8pecifically, if angular surfaces 5 are formed between
each of the principal surfaces 3 and each of the
Antermediate regions B ahd.c or between ¢ach of the

: intermediate :egions B and C and the side end wall A, the
angular surfaces 5 might generate the particles when they
are contacted with the housing. Therefore, according to
this invention, the rounded suxfaces 4 are formed by
mechanically pqlishing the ahgular surfaces 5 to aveoid
generation of the particles. The rounded surface ¢ has .
prefarébly the surface roughness Rmax of 0.01-2 um 'and
the surface roughness Ra of 0.001-1 gz m, more preferably,
the surface roughness Rmax of 0.01-1 2 m and the surface
roughness Ra of 0.001-0.8 z# m, and still more preferably,
the surface roughnese Rmax of 0.01-1 g m and the surface
roughness Ra of 0.001-0.5 g m. _

A mirror £inish process is performed for the
peripheral side area 2 of the glass substrate 1 to obtain

the mizrror tlnished surface as mentioned above.
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On the other hand, the present invention points out that genefation of
particles can be prevented by nmechanically polishing—the sirde surface into

a mrror finished surface w thout any deviation of an gaxis i Bed SLd C
recording rmedium Specifically, according to this invent f ” S
substrate has a pair of principal surfaces opposite tojmmuﬁﬁlﬂ m a
peri pheral side area contiguous to the principal surfa : era
side area has a side end wall and internedgate regi ons between the side end

wal | and the principal surfaces. In this case, at |east one of the
internedi ate regions and the side end wall is forned by a mirror finished

23{ ]‘: Zgg whi ch hassﬁeéﬁiﬁﬁ{.%ﬁb“ﬁﬁﬁﬁaf@ﬂisﬂrfﬂcﬁ{sé B3N chxke6d] ol Yy @

' mechanical polishing, sich as brushing, buffing,
polishing by the use of a polishing pad, such as a aoft
polisher and a hard polishex, and a solid or a ligmid
polishing subetance, such ;s loose abrasives, bonded
abrasives, slurry, and the like. At any rate, the -
mechanical polishing may be perfoémed by combining
mechanical polishing o£ éiffe:nnt. types and machanical
polighing carried out hy the uge of aifferent polisherzs
in grain size gnd types to obtain the mirror finished
surface having tha above-mentioned surface xoughness.
The mechanical polishing may be referred to as physical
polishing or dynamical polishing.

For exampla, the so£t|po}13her may include a
suede, a velour, or the like, while the hard polisher may
include hard velour, foamed urethane, piteh impregnated
suade, or the like. ruztﬁer. tha abrasives may 1n§1ude,
for exnmplé. carium oxide (Ceoz). alumina (7 —31203). red

~ oxide (Fe,0,), chromium oxide (Cx,0,), sirconium oxide -
(2x0,), and titanium oxide (T410,).

In the illnstrated example, the intermediate
regions (chamferad portions) B and C are formed on both
sides of the side end wall A. Thereafter, the mirror
finish process 1s performed for tﬁe internediate regions
B and C. As a result, no particles are generated f£rom
the side ehd wall A and the intermediate regions B and C
‘even 1if the glass substrate 1 contacts with a housing at

the peripheral side area 2 when the glass substirate 1 is



roughness Rmax not greater 4 [err] m In this inventiggsrggfggingLgs,aLe
generaged because the s[de end surface of the glass s ate Is mrror
finished. Consequently, reproducing functiqgn is not redy gg%puumheﬂk
asperity. 'Further, a head crash can be sufficiently prev

- projections are formed due the particles on the magnetlcm!{gﬁ‘ﬂ“

5 Brief Description of the Draw ngs: Flg 1 shows a cros onal VIeM/Of
a part of 9

got in and esut of the housing.

The mirror finish process due to the mechanical
polishing fox tha periphoral side area 2 may be carried
out after or before the principal surfaces 3 of the glass
substrate 1 are lapped or polished. In genaral, the
polishing or lapping proceas is divided into (1) a rough
grinding step, (2) a lapping atep, (3) a first pbl&shing_
step, (4) a second polisqing step. Taking the above into
congidaration, the above-mentioned mirror finish process
may be parformed aftexr each of the steps (1), (2), (3),
and (4). For example, the mirror finish process may be
performed after the rough grinding step. Alternatively,
the mirror finish process may be performed after the
lapping step, the first polishing step, or the second
polishing step. Where the mirror £inish ptncesa 19
performed before the lapping step, the pexﬁphﬁral side
area 2 is often slightly rough by sands used in the
lapping atep.

| In addition, it is prefer;ble that the principal:
surface 3 of the glass substrate 1 has the surface
zroughness Ba not gveater tham 2 mm to preveant the thearmal
asperity.

No limitation is imposed as to a kind, a size and
a thickness of the glass gubstrate 1 in this invention.
The gla;s substrate 1 may be formed by glass or glass
ceramicg. In this case, the glass may be, for example,
aluminosilicate glasg, soQa-lime glass, soda alumino-

silicate glass, aluminoborosilicate glass, borosilicate



a glass substrate; and Fig. 2 shows a graphical representation for use in
illustrating results of glide yield | osses of various sanples to specify
the sanples according to this invention.. Description of the preferred
Enbodi ment: Referring to Fig. 1, description will be nade about a gl ass
substrate 1 of this invention. The gl ass”Substrate 1 has an end portion in
section, as illustrated in Fig. 1. In Fig. 1, the glass substrate 1 has

principal surf 8, YANATAR ggaeecsh@téiﬁ&nagﬂlfw@élgafﬁrsal whid® 2hea 2
contiguous to t prlnC|paI suftfaces 3. The peri pheral side area 2 has a
side end wal | Aykdih icUanIRY abg bEYI £NS dkanplel ORF¥EALized glass.
By way of example, the aluminosilicate glags is exem-
_ plified and may contain, by weight, 62-75 % of 810,, 5-15
% of Al,0,, 4-10 % Of Li,0, 4~12 % of Na,0, 5-15 % of |
2r0, as maln components. In ‘addition, the gldss includes
a weight ratio of Na20/2r02 which falls within a range
between 0.5 and 2.0 and a weight ratio of Al,0,/820,
which falls within a range petween 0.4 and 2.5 so as to
.chemically reinforce the glass substrate. Further, such
chenically reinforced glass preferably contains, By mol
'8, 57-74 % of éioz. 0-2.8 & of 2n0,, 3-15 % of AL0,,
7-16 % of Liy0, and 4-14 % of Na,0 so as to remove
projections on the principal surfaces 3 which results
from.insoluble substances of Zr0,. The chemically’
reinforced aluminosilicate glass which has the above-
mentioned composition is excellent in traﬁsiersg bending
strength and Knoop hardness. 1In addition, such a glass
has a compressive stress layer deep enough.
In this embédiment, the chemical reinforcement
- can be made by performing an ion exchange method at a low
temperature for the glass sﬁbstrate 1 to 1mprov§
properties against impact and vibration. Instead, the
known chemical reinforcement can be used to chemically
reinforce the giass subétrate 1. However, the jon
exchange method is preferable as compared with the latter
method from the viewpoint of a glaas transition point

because the former 1g carried ocut at a temparature less
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‘the side end wall A and each of the principal surfaces 3. In the

i I'lustrated exanple, each of internediate regions B and Cis intentidnally

chanfered into a chanfered portion by .a chanfering process, as will later
be di scussed. However, the internediate regions B and C may be _
unintentionally chanfered during a grinding or a polishing process, as w |

| at er

be di scussed also. Herein, it is to be noted that the side end wall
“and the internediate regions B and C are a% mrror finished by mechani cal

pol i shing and therefore have nechani cal polished surfaces specified by a
surface roughness Ra which is not greater than 1 [err] m where Ra is

than the glass transition point. A fused salt used for

the chemical reinforcement includes a potassium nitrate,

.a sodium nitrate, a nitrate mixed with them. The.glass

substrate 1 according to this invention is also uged not'
only for a magneti¢ recozétng medium but also a photo-
magnetic diak and an electro-optical disk, sueh'ae a.
photo disk. Especially, the glass substrate 18 effactive
to the phato;magnetic"clrk which 1s seriously influenced
by particles attached thereto.
_ éﬁbsequently. description will be made about a

magnetic recording medium mentioned above.

Herein, such a magnetic recording medium has it
least one magnatic layer formed on the glass substrate 1
as well known in the art. In this invention, no
particles are generated from the side end wall A and the
intermediate regione B and C because the side end wall A
and the intermediate regions B and C are subjaected to the
mirror f£finish process, as mentioned'above. This shows
that no projections are left on the magnetic layer due td
generation of the particles, even when the magnetic layer
is formed on thq glass substrate 1.' Consequently, thd
head crash can be su!ficiéntly prevented when the
reproduction 1s performed by the magneto-resistive (MR)
head. Further, no reproduction errox occu:s becavge no
defect due to the particle remains on the magnetic layer.

Specifically, the magnetic recording medium is
formed by succeasively depositing an underlying layer, a

magnetic layexr, a protection layer and a lubricating
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6 representative of the center-line nean roughness (defined in Japanese

I ndust.rial Standard JI S B 0601). The nechani cal polished surfaces wl-l al so
be called nirror finished surfaces herei nunder because they are subjected
toa mrror finished process. However, such a mrror finished surface may
be formed on at |east one of the side end wall A and the internediate
regions B and C. In this event, the surface roughness Ra falls preferably
in the range of 0.001 to 0.8 [err] m and nore preferably, in the range of
0.001 to 0.5 [err] m Alternatively, the mzror finished surface my be
represented by a surface roughness Rmax, where Rmax is

layer on the glass subatrate 1 which has the desired
flatnegs and surface roughneas as mentioned'abeve and
which is subjected to chemical reinforcement.

The underlying layer 1s selected in- relation to
the magnatic layer. At ieast one motal aelgeted from a
group consisting of nonmagnetic métals; Cr, Mo, Ta, Ti,
it, V, B, Al may be used as & material of the uﬁdetlying
layer. The metal Cx or ine cx alloy is preferably used
as the material of the undexlying layer to emhance a
magnetic chazac;eristio where the magnetic layer includes
Co as a néin component. in addition, the underlying
l#yer may not always be formed by a single layer but may
be formed by a multi-layer campésed of a plurality of
identical or different layers. For example, deposition
may be made as the underlying layer formed by the multi-
layer sueh as Cr/Cr, Cr/CzMo, Cr/CrV, CxV/CxV,
Al/Cx/Cx¥Mo, Al/Cx/Cr, Al/Cr/CrV, and Al/CxV/CrV,

In this invention, no limitatione are imposed as
1o the magnetic layer also. | . ‘

The magnetic layer may be, for example, a layer
which contains Co as a main component and which has a
composition selected frum CoPt, CoC£. CoNli, CoNicCr,
CoCxTa, CoPtCx, CoNiPt, CoNACrPt, CoNiCrTa, CoCrTaPt,. and
CoCrPtSi0. In addition, the magnetic layex has a malei-
layer structure (for example, COPtCr/érHo/CoPtCr,
CoCrTaPt/CxMo/CoCrTaPt). Such a structure_is obtained by
dividing a magnetic film by a nonmagnetic film (for

example, Cr, CrMo, CxV) to reduca a moise, as known in
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defined as a maxi mum hei ght represehtative of a difference between a

hi ghest point and a | owest point, instead of Ra. In this event, the surface
roughnéss Rmax nay be not greater than, 4 [err] m Preferably, the nmaxi num
hei ght Rrax falls within the range between 0.01 and 2 [err] m and nore

preferably, within the range between 0.01 and 1 [err] m Thus, the gl ass
substrate 1 according to this invention has the mrror finished surfaces

each of which is specified by the surface,roughness Ra not greater than 1
[err] mor the surface roughness Rmax not "Jreater than 4 [err] m Under

ci rcunst ances,

t he principal

head (MR head) or the giant magneto-resistive head (GMR
baad) contains impurity elements selected from a greup
cbna.lt.ing of ¥, 31,'.rare—,¢anh elements, Hf, Ge, Sn and
2n, oxides of these 1mpur1;x elements in addition to the
Co-baged alloy. '
Further, the magnetic layer may have a granular
structure wherein naﬁneu"c grains, such as Fe, Co, ?ec::
and CoNiPt, are dispersed in the nonmagnetic film
comprising a ferrite~baged material, an iron-rare earth-
based material, sioz. and BR. Further, the magnetic
layer may have a recording form of either an in-plane
magnetization type or a perpendicular magnetization type-
No restrictions are 1npopea-as to the protection
layer also accoxding.to this invention. Specifiecally,
the protection layer may ba formed by a chromium film, a
chromium alloy f£ilm, a carbon film, a zirconia £ilm and a

‘s1lica £ilm and may be successively deposited on the

glass substrate 1 together with the underlying l#yer and-
the magnetic layer by the use ¢of the known in-line
sputtering apparatus. The protection layer may be foxmed
by a single layer or a multi-layer anludin§ a plurality
of layers of an identical material or different
materials.

In addition, the other protection layex, such as

a sio, £1lm, may be used instead of the above protection _

layer. Such a $10, f1lm may be formed on the chromium

£11m by dispersing colloidal silica fime grains in
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+

side end wall A and the i nt er medi at e regi ons B and C of the glass substrate
1. Cbnsequently it has been found 7 out that no thermal asperity is
generat'ed. Further, rounded surfaces 4 are fornmed between each of the
princi-pal surfaces 3 and each of the intetdhediate regions Band C. In
addition, rounded surfaces 4 are forned between each of the internedi ate
regions B and C.an side_end wall A. Each rounded surface 4 has a

radi us between 6’“5‘%?5’ f@‘YWaEFeﬁé}%ﬂW "ééf‘mé’énab@%ﬂ‘ﬂ’ﬁwﬁohm%re

preferably betvwada Qherea%ter by coating and baking the dispersed
grains.

Moreover, the lubricating layer is not restricted
to the above. ‘For example, the lubriceting layer is-
formed by diluting peifludrupolyether {PFPR) with a
solvent, such as freon-based solvent, and applying it on
the medium surface Sy a dipping method, a spin coating

- method, or a spraying method, and firing the medium.

First Example !

(1) Roughing step by grinding and polishing

First, a sheet glass of aluminésilicate is formed

" by a down draw method and is cut by a-grinding wheel into
a disc-ghaped glass substrate which has a diameter of
96 mm and a thickness of 3 mm. The glass substrate is
lapped or polished to a diameter of 96 mm and a thickpess
of 1.5 mm by a relatively rough diamond grindstone, In
this case, the disé—shaped glass.substrate may be formed
by directly pressing a melting glass with a cope, a drag
and a drum instead of the down draw method. .

In this event, the above-menticned glags which is.
.chemically reinforced cohtains. by mél%. 57-74" % of 3102.
0-2.8 % of Znoz. 3-1% % of 31203, 7-16 % of Li,0+ and
4-14 % of Nao, as main components. Further, the |
chemically reinforced glass contains, hy weight, 63 % of
§10,. 14 % of Alzos, 6 % of Lizo, and 10 % of Nazo as
main components. The above-mentioned composition can be

expressed in terms of a mol representation and comprises,
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1 mm Ceneration of the particles can conpl-etely be prevented by form ng
the rounded surfaces 4. Specifically, if angular surfaces 5 are forned

bet ween each of the principal surfaces 3 gnd each of the internediate
regions B and C or between each of the internediate regions B and C and the
side end wall A, the angular surfaces 5 m ght generate the particles when

they are contacbgdmoilt®,t 87 ®ousi i, ,Thepesose, zrGondione b AlLGS
i nvention, the rounded surfaces 4 arke for ned by meéchani cal | y po?|:§'h| ng the

angul ar surfaced250t® agord s0cmed 810 .@n wbEt Ra,particl es. The rounded
surface 4 has preferably the surface roughness Rmax of 0.01-2 [err] m and
the surface roughness R8ubsequémtly, [ther both principadf enunbages thefurface
roughness Rmax of 0.01-1 [err] mand the surface
the glass substrate 1 are ground or lapped by a diamond
grindstone having grains smaller than thoase of the ayove
grindstone. In this case, é}load was set to the extent
of 100Kg. Therehy, the prinéipal surface 3 oé;the glass
substrate 1 was ground into a surface roughness Rmax (JIS
‘B 0601)of ahout. 10 um.

Kext, an opening wis formed at a center portion
of the glase subsastrate 1 by using the cylindrical "
grindsyqne. Purther, the outer side end surface is
ground to a dlameter of 95 mm. Thereafter, the outer and
inner side end surfaces were chamfered. In thls case,
the side end wall A of the glass subatrate 1 had a
surface roughness Rmﬁx of about 14 2 m.

{(2) Mirror finishing step of the side end

surface |

The internal and cuter side walls of the glass
substrate 1 were polished by the use of a brush and loose
abrasives by rotating the glasas substrate 1 so that the )
both side end walls had the surface roughness Rﬁax of
about 1 gz m and the surface roughness Ra of about 0.3
bom. Next., the glass substrate 1 was washed with water
after the mirror finish process of the side end walls.

(3) Lapping step

The 1appin§ step was performed for the glass

substrate 1 to improve dimension and shape accuracy. The

N
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roughness Ra of 0.001-0.8 [err] m and still nore preferably, fhe surf ace
' roughness Rmax_of 0.01-1 [err]- mand the surface roughness Ra of 0.Q01-0.5
[err] 'm A mirror finish process is perforned for the peri pheral side area
2 of the glass substrate 1 to-obtain the mirror finished surface as
menti oned above. 8 Specifically, the mrror finish process is carried
out by mechani cal polishing, such as brushing, buffing, polishing by the
use of a polishing pad, such as a soft polisher and a hard polisher, and.a
solid or aliquid , _ 18
lapping step ia carried out by using a lapping apparatus.
In this case, the lapping step is conducted two times by
changing grain degrees ffom #4200 to #1b60- 'sPeeifically,
the lapping was performed .for £he both priigipal surfhces
3 of the glass substrate 1 so that the principal surfacesg
3 ha& a surface accuracy o_f 0-1 2z m and@ the surface
roughthess .nmax of about § um. In this event, the
lapping was carvied out Ly rotating an inner gear and an
outer gear by the use of alumina grains haviang a grain
degree of #400 on the condition that the load I wag kept
at about 100 Kg. Next, the lapping is performed by
changing the grain degree of the alumina grain into
#1000. As a xesult, the surface roughness Ruax becomes
about 2 g m. pSubsequently, the glass substrate 1 was
immersed in weehing units by using natural detergent and
water to be washed.
(4) First polishing step
Next, first polishing was performed by a .
polishing apparatus to remove a defect and a distortion
Yemaining in the above lapping process. Specifically, a
hard polisher (which may be a cerium impregnated foamed
urethane pad, such as MHC15 made by Speedfam) was used as
a polisher and the first polishing was performed the
following polishing condition. '
Pdlichlng liqguid: oxide cerium + water
Load: 300g/em® (L = 238kg)

Pollishing time: 15 minutea

Removing amount: 30 um : Thxs Sheet Has Been Re
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pol i shi ng substance, such as | oose abrasives, bonded abrasives, slurry, and
the like. At any rate, the nechanical polishing my be perfornmed by '
conbi ni ng nechani cal polishing of different types and frechani cal polishing
carried out by the use of different polishers in grain size and types to
obtain the mrror finished surface having the above-nentioned surface
roughness. The nechani cal polishing nay be referred to as physi cal
pol i shing or dynam.cal polishing. For exanple, the soft polisher may
include a suede, a velour, or the |like, whyle the hard polisher may include
hard vel our, foaned urethane, pitch inpregnated suede,-or the |ike.

Further, the abrasives may include, for exanple, ceriumoxide (Ce(Jerr]),
‘alumna ([err] -Al[err]J 8erplutied of lower surface plate: 40 rpm

Revolution of ubpe: surface plate: 25 xpm
Revolution of inner gear: 14 rpm ‘
- Revolution of outer gear: 29 xpm *
The glasas substrate 1 was washed h&:heing
successively dipped in washing units of natural
detergent., pure water, IPA (isepropyl alcobol), IPA
(vapoy drying) after the’firat polishing.
| (5) Second polishing step '

Next, second polishing was conducted by changing
the above hard polisher into a soft polisher (which may
be a polishing pad of a suede type, such as Polylax made
by Speedfam) by using the polishing apparatus used in the
first polishing process. The polishing condition is
.similar to the £irst polishing step except for the load
of 100 g/cﬁz. the polishing tkme of 5 minutes and the
re_movlng amount of 5 g m. The glasg substrate 1 was
ipmersed in washing units of the natural detergent, the
pure water, the IPA (isopropyl alcohol), the IPA (vapor _=
darying} to0 be waghed therein after the sacond polishing
steéep. In thig case, a supersonic wave was applied to
each of the washing units. |

(6) Chemical reinforcing step

Next, a chemical reinforcing step was performed
for the glass substrate 1 after the polishing step was
canpietad. F#rst. a chemical reinforaing solution was
prepared by mixing potassium nitrate (60%) with sodium

nitrate (408). The chemical reinforcing solution was

. This Sheet Has Been Replaced :
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oxi de-(Fe[err]Jerr]), chromumoxide (Cr[err](err]),

(Zrerr]), and titaniumoxide (TiJerr]). In the |IIustrate
i nternmedi ate regions (chanfered portions) B and C are for
of the side end wall A. Thereafter, the mrror finish proc
for the internediate regions B and C. As a result, no part
generated fromthe side end wall A and the interrredl ate.regions.B and_C
even if the glass substrate 1 contacts with a housing at the peripheral

d
hes

side area 2 when the glass substrate 1 is 18 got in and out ‘of the housing.

heated up to 400 C. The glass substrate 1 which was
washed and preheated to 300 C was dipped in'the chemical
reinfoxcing solu-t.ion' for 3 hours. The chemical
reinforoing step was ca':u‘ed out po that the entire
surface of the glase substrate 1 was chemically
reinforced with a plurality of glass subatrates retained
at the end surface in a holder. Under the circmtahces.
1ithium lons and scdium lons on a eurface layez of the
glass substrate 1 were replaced by sodinm ilons and
potassium ions in the chemical reinforcing solution by
dipping each glass substrate 1 in the the chemical |
reinfox;cing solution. Thus, t.he- glasa subgstrate 1 1is
chenically reinforced. A compressive stress layer formed
in the surface layer of the-glnqa substrate 1 had a
thickness of about 100-200 z m. Next, the chemically
reinforced glass gubgtirate 1 was dipped in a:_wat.er tank
of 20 T, quickly cooled and retained for 10 minutes.
Subsequent.ly, the cooled glass substrate 1 was dipped in
a gsulfuric acid heated up to 40 C, and was washed by :
the subercontc wave. The asurface roughness (Ra, Rmax)
of the peripheral side area 2 of the glass substrate 1
at the intermediate region (chamfered portion) B (length:
0.15mm), the intermediate region (chamfered portion)
C (length: 0.15mm) and the side end wall A (length:
0.35mm) are shown in Table 1. In Table 1, the surface

- roughness Ra of the intermedlate region B is 0.2 um,
while the .snrface roughness Rmax of the intermediate

region B is 1.9 s m. Further, the surface roughnesa Ra

>



The mirror finish process due to the nechanical polishing for the

peri pheral side area 2 may be carried out after or before the principal
surfaces 3 of the glass substrate 1 are |apped or polished. In general,

t he polishing .or |apping process is divided into (1) a rough grinding step,
(2) a lapping step, (3) a first polishing step, (4) a second polishing:
step. Taking the above into consideration, the above-nentioned mrror
finish process may be perforned after each of the steps (1), (2), (3), and
(4). For example, the mrror finish procé§s may be performed after the
rough grinding step. Alternatively, the mrror finish process may be

ol Shing step. whare fcupmeabig Bubh & ALY B E, Wi1e Yng PO Se0ONC
surface roughness Rmax of the intermediate region C is
2.9 pm. In addition, the surface roughness Ra of the
side end wall A is 0.35 g m, while the surface roughness
Rmax Of the side end wall A s 3.4 #m. Also, the
principal surface 3 of the glass subastrate 1 has the
surface xoughness Ra of 0.5-1 am. In addition, the
surface of the glass substrate 1 is precisely tested.
As a result of the test, no particles which axe the

cause of the thermal asperity exist on the principal

gurface 3.
Table 1
 Ra (em) | Rmax (2 m)
Side Bnd wall A 0.35 3.4
Intermediate Region P 0.2 1.9
Intermediate Region C 0.15 2.9

Meaguring Length: 0.8mm

In addition, it is to be noted that the side end
wall A is 0.45mm thick when the glass substrata has a : .
diameter of 3.5 inches. 1In this case, similar result has
been confirmed.

(7) Magnetic disc manufacturing step

A texture layer, a CxN underlying layer, a CrMo
underlying layer, a CoPtCrTa magnetic layer and a C
protection layer were suocessively deposited on.the both
Principal gurfaces 3 of the glass substrate 1 by using
tha known in-line sputtering appaz&tus to obtain a

magnetic disk, MNext, a glide taest was performed in

* This Sheet Has'Been R,
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perfornmed- before the | apping step, .
slightly rough by sands used in the |apping step.
preferable that the principal

substrate 1 in this invention.
or glass ceranfesnechienwighdde o

t he peri pheral

In

addition, it

side area 2. is often

S

surface 3 of the glass substrate 1 has the
surface roughness Ra not greater than 2 n@P@to prevent the therma
No imtation:is inposed as to a kind, a size and a thickness of the glass

The Iass substrate 1 may be fornmed by
pEained mammptie, L6k, bAnA Fesult of

asperity.

gl ass

alum nosilicate

| - | |
al um nobor osi | Fbgt ggéf"as%"wggﬁqgl"%ggﬁ occux.

soda al um n
he-§

X iacase, the’ nit™
means that the magnetic head touchems projections on the
surface of the magnetic disc, and the cragsh meana that the
magnetic head collides with the projectiona on the suxface.
Further, it is confirmed that mo defects due tq the
particles are génezated on the magnetic layaer,

Alge, tha gliag test waé performed for the first
example wherein the periphexal side area 2 of the glass
substrate 1 was mirror fini;hed. a firat comparative
example wherein the peripheral sids area end 2 was etched,
and a second comparative example wherein neither polishing
nor etching was performed. The test result is shown in
Table 2 as a resuit of the glide test. éoncretely, the |
yield of the first example was 90 % or more. In edntraat,
the'yield of each of the first and second comparative
examples was 87 % or less. From Table 2, it is understood
the f£irst example is superior to the first and the second

comparative example. Thus, the conventional methed of

etching the periphéral side area of the glass substrate can

not accomplish the cbject of this invention,

Table 2
: let 2nd
1st Example | Comparative | Comparative
Example - Example
Yield of 890% or more | 87% or less | 87% or less
Glide Test. ‘

""‘——‘;Q_*_' Y
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10 gl ass, silicate glass and chéin silicate glass, while the glass ceranics
may be, for exanple, crystallized glass. By way of exanpfe*’rﬁ———"
al uni nosi | i cate glass is exem plified.and ,nmay cont Al s ﬁlyetﬂglg;g,tkﬁi&dﬁ %

of Siderr], 5-15 %of Alferr](err], 4-10 %of Li[err

Na[err] O 5-15 %of -ZrJerr] as main conponents. |n ad ‘

i ncludes a weight ratio of Na[err]Q ZrJerr] which fall

between 0.5 and 2.0 and a weight  ratio of Al[err]derr]/Zrqerr] mhlch
falls within a range between 0.4 and 2.5 spyas to chemcally reinforce the
gl ass substrate. Further, such chemcally reinforced glass preferably
contains, by nol : -

In addition, a reproduction test was pe:fo:med
for the magnetic disk attez the glide teat. As a result
of the test, 1t has heen confirmed that no raprodnction
errors due to the thermal;asperity take place in
connaection with the samples (500 samples) aécordinq to

- this invention. |

Second and Thirxd Examples

Second and tbi:d'exa-ples are similax to the
first example escept that goda-lime glass (the second
example) and smoda aluminosilicate glass (the third ;
example) are replaced by the aluninosilicato glass of the
£irat example. As a result, the outer and inmer side end
surfaces of the glass substrate 1 have the surface
fOughness Rmax of 1.5 2 m in case of soda-lime glasg (the
'seeond example). Although the soda-lime glass substrate
had a slightly rough suzface as compared with the
aluminosilicaie glass, no practical problem accrued in
such a glass substrate.

Fourth Example

An underlying layer of Al (50 A )/Cx (1000 A )/
Cxio (100 A ), a magnetic layer of CoPtCr (120 A )/CrMo
(50 XA )/CoPtCxr (120 A ) and a2 Cr (50 A ) protection layer
are sncceasivély dappaited on the both principal surfaces
3 of the glass substrate 1 obtained in the first example
by ihe known in-line sputtering appafatus. The above
substrate 1s dipped in an organosilicon compound solution
(mixed 1iquid with water, IPA and tetraethoxy silana)

wherein silica fine grains (grain diameter of 100 A ) are



% 57-74 %of Siqerr], 0-2.8 %of znJerr], 3-15 % of Al[err]qerr] -16 -
% of Li.O2, and 4-14 @6of Na[err]O so as to renove projeetions—on the
principal surfaces 3 which results frominsgluble subst nT Bg&,q[eopraggd

The.chem cally reinforced alum nosilicate glass which h
menti oned conposition is excellent in transverse bendi ng %m noop
hardness. In addition, such a glass has a conpressive st

enough. In this enbodinent t he chem cal reinforcenment can be nade by
perform ng an ion exchange nethod at a | owagenperature for the gl ass
substrate 1 to inprove properties against inpact and vibration. |nstead,

t he known chem cal reinforcenent can be used to chemcally reinforce the
gl ass substrate 19isppesed: tHexiothe protection layer of §10, textured

was formed by baking. Further, the protection layer was
subjected to a dipping process within a 1ubiicat1ng agent
o:.perfluoropolyethei to gbtain the maqhetic disk for the
MR head. T
The glide test was carried out for the obtained
ilagnetic diskf Ag a result of the test, neither hu. nor
cxrash occuzx. Purther, 11 has baen confizmned that no
defact was formed on the magnetic layer. In addition, no
raproduction errors due to the thermal asperity were
generaied as a result ¢of reproduction test.
Fifth Example |
A fifth example is gimilar to the fourth example
except that Al/Cr/Cr was used as the underlying layer and
CoNiCxTa 15 used as the magnetic layer. It has been
confirmed that a magnetic disk likae in the fourth example
. was obtalned in the fifth example algo. _
.neiezring to Fig. 2, the glide test has been
performed in conneotion with first through twelfth
gsamples 1 t0 12 with flying heighta kapt within a range
betwesn 1.1 and 1.3 (microinches). Herein, one'hunaxaa
glass substrates have been prapered as each of the first
through the twelfth samples 1 to 12; It i¢ to be noted
that thé first, the asgcond, the fifth, the eighth, the
_nihth. the tenth, the eleventh, and the twelfth samples
1, 2, 5, 8, 9, 10, 11, and 12 had the surface roughnesses
Ra and Rmax defined by this invention while the third,
the fourth, the sixth, and the seventh samples 3, 4, 6,



exbhange'hethod S pféferéble as conpared.with the latter nethod fromthe
vi ewpoint of a gl ass transition ‘point because the former is carried out at .
a tenperature |ess than the glass transition p0|ntmsmﬁaimﬁmﬁnnqmtuMSed

for.the chem cal reinforcenent includes a potassium ni
nitrate, a nitrate mxed with them The gl ass substrat to thls
I nvention is also used not only for a magnetic recordi al so a
phot o- nmagnetic di sk and an el ectro-optical disk, such as a photo di sk.
Especially, the glass substrate is effecti®® to the photo-nmagnetic disk
which is seriously influenced

and 7 had the sﬁtface roughnesses Ra and Rmax falling
outside this invention, when each of the surface
roughnesses Ra and Rmax ia represented by an avera§§
value of the one hundred glass substrates. . More
specifically, the first, thd aecond, the fifth, the
eighth} the ninth, the tenth, the sleventh, and the
twelfth samples 1, é, S, 8, 10, 11, and 12 had the
surface roughnesses Ra .Ja Rmax thch are equal to 0.03
and 0.44; 0.18 and 1.80; 0.06 and 3.25; 0.53 and 2.350;
0.71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and
o.so'uxn. respectively. On the other hand, the third,

" the fourth, the sixth, and the seventh samples bad the
surface roughnesses Ra ind Rmax which are equal to 1.88
and 10.05; 1.53 and 7.45; 1.72 and 8.23; and 2.01 and
11.75 g m, respectively, and mat finished suzxfaces.

Under the circumstances, glide yield logsses were
measured during the glide test mentioned above by
counting defects on each of the firat through the twelfth
samples 1 to 12 and were represented by (%), as shown by
histograms in Pig. 2. The first, the second, the f£ifth,
the eighth, the ninth, the tenth, the eleveath, and the
twelfth samples 1, 2, 5, 8, 10, 11, and 12 according to
this invention exhibited the glide yiald losses of 1.62S,
5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1ﬂ825 %,
regpectively, while the thixd, the fourth, tha sixth, and
the seventh samples 3, 4, 6, and 7 exhibited the glide
yvield losses of 14.625, 13.875, 14,375, and 15.125 &,
respectively. At any rate, tha samples according to thia



by particles attached t her et o. Subséquently,"description-mﬁIL be made about
a magnetic recordi ng nedi um nenti oned above. Herein, sSuch a magnetie—
recerdi ng medi um has at | east one magnetic | ayer f'or—mgghégmatsggeﬁ; s%g

are

subgtrate 1 as well known in the art. In-this inventi l
geng¢rated fromthe side end wall A and the internedi aﬂuwﬁl nd C
because the side end wall A and the internedi ate regi ' e

subjected to the mrror finish process, as nentioned above. This shows that

no projections are left on the nagnetic | agar due to generation of the
particles, even when the nmagnetic layer is formed on the glass substrate 1
consequent Ly, 1N f ineian’ hekibices The gilde yield looss smatler than
10 %. '
In order tn massure defacte on a magnetio
recording medzum.-varinusétests have been usually carried
out by the use of a magneto-resistive (MR) Sead kepg at a
£lying height of 50 nm and a rotation speed of 7 m/sec
and may be collectively called a certification test.
Actunally, the cextiticatlon test includes a pasitive
modulation test, a negative modulation test, a migsing
test, an extra test, and a spike test, all of which are
known in the art. Such tests also serve to evaluate the
thermal asperity of each magnetic recording medium.
| HBerein, each of the missing test, the spike test, and the
extra test is helpful to classify the defects into a
correctable defect, an uncorrectable defect, and a long
defect..' . _
Prior to each tesat, provision has been made about
twenty-£five of the magnetic recording media which have
been polished in the above-menticned manner, together
with twenty-five unpolished magnetic iecording media.
Results of the above-mentioned tests have been averaged
and summed up about ihe polished and the unpolished
magnetic recording media. Under the circumstances, it
has been found out that an average sum value of defects
on each su:facg of the polished magnetic racording media
has been equal in number to 9.56 while the average sum
value of defects on each surface of the unpolighad

magnetic racording media hag been equal in number to



reproduction.is performed by the magneto-resistive (MR) head. Further, no
reproduction error occurs because no defect due to the particle renmins on
t he magneti'c | ayer. Specifically, the nagnetic recording nmediumis forned
by successiVely depositing an underlying |ayer, a nmagnetic |ayer, a
protection | ayer and a | ubricating 12 layer on the glass substrate 1

whi ch has the desired flatness and surface roughness as nentioned above and
which is subjected to.chemical reinforcement. The underlying |ayer is

selected in relation to.
25

16.4. In comparison with both the average sum values, it
has been readily understood that a reduction rate of the
defects in the polished magnetic recording media has been
equal to 41.70 %, This shows that the poli%hed magnetic
recording media aecéraing to this invention aze
remarkably 1npgo§ed in thermal asperity, as compared with
the ﬁnpoliahed maghetic recording media.

While this :l.nvent{.ton has thus far been desaribed
in conjunction with geveral examples thereof, it will
xeadily be possible for those skilled in the art to put
this invention 1nto.pract1ce in various other manners.
For example, the mechanical polisheﬁ surface, namely, the
mixror finished surface may be formed on at least one of
the inner and the outer peripheral surfaces of the

magnetic recording medium.
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t he magnetic |ayer. At '\I east .one netal -sel ected froma_ml sting of
nonmagnetic metals, O, M, Ta, Ti, W V, B, Al may be used as a materi al

I NI TP s S A W 111111 | e

where the magnetic layer includes Co as a main corrponent fn 'addi tifon* the
underlying layer may not always be forned by a single |ayer but may be
formed by a nmulti-layer conposed of .a pl urgklty of identical or different
| ayers. For exanple, deposition may be nad& as the underlying | ayer forned
by the nulti- layer such as &/C, G/C M, CG/CV, GVICV, A/C/C M,
A/C/C, AJC/CV, and AA/CrVICrV. In this invention, no limtations are
i nposed as :

WBAT I8 CLAIMED IS:

1. A glasg suhstrate for uee in a magnetic
recording medium, sald glass substrate having a pair of
principa) surfaces gppos:l.:r.e to each other and a
peripheral side area contigquous to said principal
surfaces, sald peripheral aide area having a side end
wall and intermediate relgions between said side end wall
and said principal surfaces, _

at. least one of gaid 1m,ermediat.é regions and
said side end wall being formed by a selected cne of a
mechanical polished surface and a mirror finished aurface :
which has a surface roughness Ra not greater than 1 £ m
vhare Ra 15 representative of the center-line mean
voughness.

2. A glass substrate as claimed in claim ],
wherein:

the suzface roughness Ra falls within a range
between 0.001 and 0.8 2 m.

3. A glass substrate as claimed in claim 1,
wharein:

the surface roughness Ra falls within a range
betwean 0.001 and 0.5 g m. |

- 4. A glass substrate as claimed in eiain 1,
wvherein:
| the surface roughness Ra falls within a range

betwaeen 0.001 and 0.1 g m.

. This Sheet Has Been Replaced:
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to the magnetic | ayer also' The nagnetlc Iayer na¥—be——%ﬁf—exa“‘T"—é Iayer

whi ch contains Co as a main conponent and whi ch has cO l'ect ed
fron1COPt,.COCr CoNi, CoNi Cr, CoCrTa, .CoPt,Cr, CoNW“uu ﬂﬁﬂiﬂNﬁ“‘ uﬂﬁ Cr Ta,
CoCr TaPt, and CoCrPtS|O In addltlon the magneti.ic |l srul41 - |ayer
ﬂwdme(Mrwm@e @HO#O%HW%O QMDWUOMMQOMH) Such a
structure is obtained by dividing a nagnetlc filmby a nonmagnetic film

(for example, C, CM, CV) to reduce a: ng;se as known in 13

S. A glass suhstréte as claimed Lnlclain 1,

wherein;
| ‘at leaat 'bne of said principal surfaces has the
surface roughness Ra which i3 not greaiet than 2 nm.

6. A glass suhst;ate as claimed in claim 1,
wherein: '

sald intermediate regions are chamfered so'that
rounded surfaces are forhed between each of said
principal suzfaces and each of gaid intexrmediate regions,
said iounded surfaces havinq-a radius between 1.2 and
10 ym,

7. A glasg substrate as claimed in claim 1,
wherein:

each of the gide end wall ahd the rounded
surfaces has the surface roughness Ra 18 not greater than

' 1'n m. . '

8. A glass substrate for use in a magnetic
recording medium, sald glass substrate having a pair of
principal surfaces opposite to each other and a :
peripheral gide area coatiguous to said principal
surfaces, said peripheral side area haviang a side end
wall and intermediate regions between said side end wall
and said principal surfaces, wherein:

at least one of said intermediate regions and
said side end wall is formed by ﬁ mirror finished surface

which has a surface roughness Rmax not. greater.than 4 gz m

wvhere Rmax is repreéentative of a difference between a

_— .
. —

maximum height and a minimum height. ;
- This Sheet Has Been
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the art. The magnetic Iayer for the magnet o- resi ead) or the

gi ant magneto-resistive head (GVR head) contalnsllnpurlt selected
fron1a grOUﬁ consisting of Y, Si,. rarezearth ele % nd Zn,
oxi des of these inpurity elenents in addition to:t oy.

Further, the nmagnetic layer may have a granul ar $trlcture wherein magnetic
grains, such as Fe, Co, FeCo and CoN Pt, are dlspersed in the nonmagnetic
filmconprising a ferrite-based materi.al, an iron-rare earth- based :
material, Sierr], and BN. Further, the regnetic |ayer may have a
-recording formof either an in-plane nmagnetization type or a perpendicul ar
magneti zation type. No restrlctlons are inposed as to the protection
- « A glass auvhstrate as c¢laimed in claim 8,
wherxein:
the surface roughness Rmax falls within a range
between 0.01 and 2 £m. .
10. A glass substrate as claimed 1;-cla1m 9,
wherein:
the surface roughnesg Rmax falls within a xange
betwean 0,01 and 1 g m. '
11. A glasg substrate as claimed in claim 8,
wherein: |
sald intermediate regions are chamfered so that
rounded surfaces are formed between each of said
principal surfacas and each of gaid intermediate regioms,
said rounded surfaces havieg a radius between 0.2 and
10 mm.
12. A glass pubgtrate as ¢laimed in claim 8,
wherein: .
eecn of the side end wall and the rbunded
surfaces has the surface roughnese Rmax is not greater :
than 1 g m.
13. A glass substrate as claimed in claim 8,
vherein: |
at least one of said intermediate regions and
said gide end wall also has a surface roughness Ra not
greater than 1 2 m where Ra is repkusentative of tha
center-line mean roughness, -
14. A glass substrate as claimed in claim 13,

wherein:

This Sheet Has Been Reﬂlaced
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| ayer al so_'accordi'ng to this inventioh. Specifically, the protecti | ayer
may beg formed by a chromumfilm a chromumalldy film a carbon film a

zirgonia fidlmand a silica filmand nay be ,successi [ n -t he

gl aﬁs substrate 1 together with the underlying Ia{yelmunc“ﬂmmmwl“c | ayer
by tthe use of the known in-line sputtering apparaitus. Fhe‘prbBtettion |ayer

may ‘be formed by a single layer or a multi-layer including a plurality of

| ayers of an identical material or differepg materials. In addition, the

ot her protection layer, such as a SidJerr] film nay be used instead of the
above protection layer. Such a SiJerr] filmmy be formed on the chrom um
filmby dispersing colloithe sitfaas rbaghssi Ra £alls within a range

- between 0.001 and 0.8 u« m.
15. A glass gubstrate as claimed in claim 13,
vhereini .
the surface rougm;ess Ra fallgs within a raxige
between 0.001 and 0.5 p m. .
~ 16. A glass substrate as claimed in cia..tm 13, -
whezein: | ,
the surface roughness Ra falls within a xange
between 0.001 and 0.1 zm. |
17. A glass substrate as claimed in claim 9,
wherein the surface roughness Rmax falls within a range
between 0.01 and 1 g m while the surface roughness Ra
falls within a range between 0.001 and 0.1 zm.
18. A glass substrate as claimed in claim 8,
wherein:
each of the principal surfaces has the surface
roughness Ra aot greater tﬁan 2 nm.
~ 19. A magnetic recording meﬁi.un‘ having the glash
substrate claimed in claim 1, comprising at least
magnetic layexr formed on the glass substrate.
| 20. A magnetic recording medium as claimed in |
claim 19, said magnetic recording medium being operable
in cooperation with either one of a magneto~-resistive
(MR) head and a glant magneto-resistive (GMR) héad.
21. A magnetic recording medium ag claimed in

claim 19, wherein said magnetic layer includes Co and Pt.

. This Sheet Has Been Reil
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14 tetraal koxysilane diluted with an al cohol -based saol vent and-t'hereafter
by coating and baking the dispersed grains. Mreover, the |lubricating |ayer
is not“restricted to the above. For exanple, thei I‘muﬁmr“““luﬂml; s
formed by diluting perfluoropolyether (PFPE) with

freon-based sol vent, and applying it on the medi um Sur’f ade By a dipping -

net hod, a spin'coating nmet hod, or a spraying nethod, and firing the_nedlum
First Exaane 3

22. A method of wanufacturing a magnet1§
recording medium including a glass substrate having a
pair of prinaipal aurxfaces and a side eand gurfaca,
comprising the steps of: .

forming a side end irall ax;d intermedtate regions
on said sfde end surface, said intermediate region being
éoeitloned between sald side end wall and said principal
surfaces, I

polishing the glass substrate to provide a mixrzor
finished surface on at least oneé of said intermediate
regions énd said side end wall and to thereby avoid a
thermal asperity.

23. A method as claimed in claim 22, wherein:
the nirror.finicued surface is formed by
machanical polishing.

' 24. A mathod as claimed in claim 23, further
" comprising the step of: ' '

chamfering the intermediate xegions to provide
_:onnded portions between said principal surface and gsaid -
intermediate region.

25, A method as claimed in claim 24, wherein

said rounded portions have a radius of 0.2-10 mm.

26. A glass substrate for use in a magnetic
recording medium, said glass substrate having a palx of
principal surfaces opposite to each other and a
peripheral side area contiguous to said principal
surfaces, said peripheral side area having a side end

wall and intermediate regions batween said side end wall

This Sheet Has Been Reﬁlaced




(1) Roughing step .by grinding and polishing First, a sheet glass of:

alum nosilicate is formed by a dowmn draw nethod and is cu -a—grit1di ng
wheel into.a disc-shaped gl ass substrate whi,ch has a dianeter of nm and
a thickness of 3 mm The glass substrate is Iapped m“mﬁ i :

di aneter of 96 nmand a thickness of 1.5 nmby a r ﬂ““ anond
grindstone. In this case, the disc-shaped gl ass substrate" may be forrred by
directly pressing a nelting glass with a cope, a drag and a druminstead of

t he down draw nethod. In this event, t hed|bove- ment i oned gl ass which is
chem cally reinforced contains, by rml% 57-74 %of SiJerr], 0-2.8 % of

' 0 0 - 0
Zngerr], 3-15 /o‘gf‘d!{]%rr!l(g%{n “Zfalcisfoof Ligerr], and 4-14 % of NaQ2

as main conpone™®
at. leagst one of pvaid intermediate regions and

sald side end wall having a mirror finished surface.-

r - [ 3

-

__’—‘_________’______,.
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chemcally reinforced glass contains, by.weight, 63 %of SiJerr], 14 % of .
Alferr]@err], -6 %of Li[err]O and 10 %of Na[err]O as mai n conponents.
The above-nenti oned conposition can be expressed in ternms of a nol
representation and conpri ses, 15 by. mol % 67 %of Siderr], 1.0 % of
Zngerr], 9.0%of Aferr](err] 12.0 % of Ligerr] and 10.0 % of Na(err].
Subsequently the both principal surfaces 3 of the glass substrate 1 are
ground or |apped by a di anond gri ndstone having grains smaller than those
of the above grindstone. In this case, asjoad was set to the extent

- GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM AND METHOD OF
MANUFACTURING THE MAGNETIC RECORDING MEDIUM
ABSTRACT
For uge in 2 magnetic recording mediu;n, a glass substrate (1) has a pair of

principal surfaces (3) opposite to each other ax;d.a peripheral side area EZ) contiguous to
the principal surfaces (3). The peripheral side area (2) has a side end wall (A) and
intermediate regions (B, C) berween the side end wall (A) and the principal surfaces (3).
At lease ane of the intermediate regions (B, JC) and the side end wall (A) is formed by a
mirror finished surface which has a surface roughness Ra not greater than 1 #mor a
surface roughness Rmax not greater than 4 #m. With this structure, no particles are
generated from the peripheral side area (2) because the side end surface of the glass
substrate (1) is mirror finished. Consequently, reproduction is performed without
reproduction errors because of no generation of a thermal asperity and a head crgsh can
be sufficiently avoided because of no projections which might result from the particles.
Fig. 1 |

T
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of 100Kg. Thereby, the principal surface 3 of the glass substrate 1 was
ground into a surface roughness Rrax (JI'S B 0601)of about 10 [err] m Next,
an opening was forned at a center portikon of the glass substrate 1 by using
the. cylindrical grindstone. Further, the outer side end surface is ground
to a dianeter of 95 nmm Thereafter, the outer and inner side end surfaces
were chanfered. In this case, the side end wall A of the glass substrate 1
had a surface roughness Rmax of about 14 [err] m (2) Mrror finishing step
of the side end surface The internal ayf outer side walls of the glass
substrate 1 were polished by the use of a brush and | oose

mm"
8]
1 4)

\3 5 G
FiG.
i \‘iﬁ\’f i \i‘fﬁ““’



abrasives.by rotating the glass substrate 1 so'that the both side end walls,
had the surface roughness Rnmax of about 1 [err] m and the surface roughness
Ra of about 0.3 [err] m Next, the glass»subgtrate 1 was washed with water
after the mrror finish process of the side end walls. (3) Lapping step The
| appi.ng step was perforned for the glass Substrate 1 to inprove di nension

-and shape accuracy. The 16 | apping step-is carried out by using a
| appi ng apparatus. In this case, the |apping step is conducted two tines by
i ' 2/2

12
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changlng grai n degrees fron1#400 to #1000. Specifically, the IadeWQHRdé

performed f

P

that the pr REPMEMEN]‘“@HBE’B
! ut 6 [err]

her gear and an outer gear by t he use of

surface rou
carried out bﬁ
al um na gragnsg

n
n

Hgbﬁﬁﬁpﬁﬁgra

al surfaces 3 of the glass substrat qpds*
had a surface accuracy of 0-1 [err] mand the
m In this event, the |apping was

degree of #400 on the condition that the | oad
ext, the lapping is performed by changing the
ain into #10000 As a result, the surface

L was kept t‘ N
grain degre of the alun1na of
roughness

was i mersed in washing units
washed.

2 [err]

m Subsequently, the glass substrate 1

by using natural detergent and water to be

GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM AND

METHOD OF MANUFACTURING THE MAGNETIC RECORDING MEDIUM

Background of the Invention:

This invention relates to a magnetic recording

medium used for a computer and the like.

Heretofore,

used for a magnetic

disk.

replacgd by a glass

However,

an aluminum substrate has been widely
recording medium, such as a magnetic
the aluminum substrate has been gradually

substrate which is advantageous in

strength and flatness as compared with the aluminum

substrate.
On the

widely used as

other hand, a thin-£ilm head has been

a magnetic head. However, the thin-film

head tends to be recently replaced'by a magneto-resistive

head-{(MR head)

head) .

and a giant magneto-resistive head (GMR .

Therefore, development would be directed to a

magnetic recording medium which can be matched with the

magneto-resisfive head.

Such a magnetic recording medium

often has a glass substrate.

However, reproduction errors very often occur and

a reproduction

becomes more difficult as a flying height

becomes lower when the magneto-resistive head runs along

the magnetic recording med

" REPLACEMENT § HEETS  SG
I Description : paged 1. to pa;aedaﬁ
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(4) Fi?ét polishing step Next, first polishing wagg:

apparatus to renove a defect and a distortion rem
| appi ng process. Specifically, a hard polisher (w
I npregnat ed foaned urethane pad, such as MHC15 ma
as a polisher and the first polishing was derform
condition. Polishing liquid: oxide cerium+ water

*e fad i 58

e} byl GPadd1398)
bd|t he foll ow ng| pol i shing
Load: grcnerrf (L =

238kg) Polishing tinme: 15 m nutes Renovi ng anount

30 terrl m

Summary of the Invention:

It is an object of this invention to provide a
magnetic recording mediuﬁ which is capable of reducing a
reproduction error even i1f a flying height of a magnetic
head becomes low.

_ As mentioned above, the reproduction error often
occurs when the flying height of the magnetic head
becomes low. Therefore, close investigation has been
carried out about the cause of the reproduction error.
According to the inventors' experimental studies, it is
found out that particles are attached on a principal
surface of a glass substrate and projections are férmed
due to the particles on the magnetic recording medium.
Such projections 5r1?g_about a thermal asperity which
causes the'magneto~résistive head to generate heat. As a
result, a resistivit& of the head is fluctuated and
théreby, an adverse influence is given to electro-
magnetic conversion.

= Further, the thermallasperity 1s often generated
for the magnetic disk after a glide test for checking a
head crash. 1In this case, various particles bring about
the thermal asperity. for example, such particles may
include a particle which gives an adverse influence when
the head is afloat. Such a particle comprises an angular
or' irregular configuration.

Subsequently, the cause that the particles are
attached to fhe conventional giass substrate has been

investigated. As a result of the investigation, it is



17 Rengution of |ower surface plate: 40 rpm Revol uti on of upper surface
plate: 25 rpm Revol ution of inner gear: 14 rpm Revol ution of outer gear: 29
rpm The gl ass substrate 1 was washed by bei ng successively dipped in
washi ng units of natural detergent, pure water, |PA (isopropyl alcohol),
| PA (vapor drying) after the first polishihg. (5) Second polishing. step
Next, second polishing was conducted by changi ng the above hard polisher
into a soft polisher (which may be a polishing pad of a suede type, such as
Pol yl ax made found out that the particles generated from a side end
' surface of the glass substrate are attached to the
principal surface of the glass substrate. This is
because the end side surface is rough as compared with a
principal surface of the glass substrate. Specifically,
when the glass substrate is got in and out of a housing
of a material such as a polycarbonate, the side end
surface of the glass substrate is inevitably contacted
with an internal surface 6f the housing. Such contacts
of the side ehd surface with the housing give rise to
generation of the particles and the generated particles
are attached on ihe principal surface of the glass
substrate.
Conventionally, an attention has been generally
i paid for the side end surface only from the viewpoint of
a mechanical strength of the glass substrate. 1In
contrast, an attention is paid in U.S. Patent No.
5,569,518 for avoiding generation of the particles by
chemtcally etching or polishing the side end surface into
a chemical polished surface. It is known in the ﬁrt that
such a chemical polished surface is rough and exhibits a
mat (or dull) finished surface. As a result, it has been
confirmed that the side end surface must be precisely
polished by mechanical polishing to avoid generation of
the pérticles. Conventionally, the side end surface is

processed by chemical etching. However, the chemical

etching process 1is not enough to suppress generation of

the particles.’ REPLACENHQ¢TSHEET
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bg Speedfan) by using the polishing apparatus used in the first polishing
process. The polishing condition is simlar to the first polishing step
except for the load of 100 g/cnferr], the polishing tine of 5 m nutes and
the renoving amount of 5 [err] m The glass substrate 1 was i mrersed in
washi ng units of the natural detergent, thé pure water, the | PA (isopropyl
al cohol), the I PA (vapor drying) to be washed therein after the second
polishing step. In this case, a supersonic wave was applied to each of the
washi ng units. (6) ChenHeaxleimngi Hftodsi agssmed hbat, aamaigaetdal resioriddmg ng
step was perfornmed for the glass substrate 1 after the polishing step was -
conpl et ed. Firsmedijuphwhiichl isemanyfeactyred byi thewuse of the glass

substrate is shaped in a disk which has an inner
periphery and an outer periphery. In this event, the
inner and the outer peripheries are irregularly etched,
which might result in deviation of an axis.

On the other hand, the present invention points
out that generation of particles can be prevented by
mechanically polishing the s;de surface into a mirror
finished surface without any deviation of an axis in a
magnetic recording medium.

Specifically, according to this invention, the
glass substrate has a pair of principal surfaces opposite
to each other and a peripheral eide area contiguous to
the principal surfaces. The peripheral side area has a
side end wall and intermediate regions between the side
end wall and the principal surfaces. In this case, at
least one of the intermediate regions and the side end
wall=is- - formed by a mirror finished surface which has a
surface roughnese Ra not greater than 1 gz m or a surface
roughness Rmax not greater 4 4 m.

In this invention, no particles are generated
because the side end surface of the glass substrate is
mirror finished. Consequently, reproducing function is
not reduced by the thermal asperity. Further, a head
crash can be sufficiently prevented since no projections

are formed due the particles on the magnetic recording

medium. REPLACEMENT SHEET

10 JAN 1998




<
pfepared by m xing potassiumnitrate (60% with sodiumnitrate (40%. The
chem cal reinforcing solution was 1 0 JAN 1998 18 heat ed ? éﬁ‘“ N2k <
. The gl ass substrate 1 which was washed and preheated to 3 '% b p“ gil
di pped in the chemical reinforcing solution for 3 hours. THhe {chem cal
reinforcing step was carried out so that the entire surfacqg qf 4peJAN 3sm
substrate 1 was chemcally reinforced with a plurality of ¢l ass substrates

retained at the end surface in a holder. Under the circunstances,
Brief Description of the Drawings:

£

£

Fig. 1 shows a cross sectional view of a part of
a glass substrate; and

Fig. 2 shows a graphical representation for use
in illustrating results of glide yileld losses of varioué
samples to specify the sampies according to this
invention.

Description of the preferred Embodiment :

Referring to Fig. 1, description will be made
about a glass substrate 1 of tﬂis invention.

The glass substrate 1 has an end portion in
section, as illustrated in Fig. 1. In Fig. 1, the glass
substrate 1 has principal surfaces 3 opposite to each
other and a peripheral.side area'Z contiguoﬁs to the
principal surfaces 3: !The peripheral side area 2 has a
side gnd wall A and iﬂtermediate regions B and C bétween
the side end wall A and each of the principal-surfacés 3.

In the illustrated example, each of intermediate
regiens. B and C is intentionally chamfered into a
chamfered porpion by a chamfering process, as will later
be discussed. _Howevef, the intermediate regions B and C
may be unintentionally chamfered during a grinding or a
polishing procesé, as will later be discussed also.
Herein, it is to be noted that the side end wall A and
the intermediate regions B and C are all mirror finished
by mechanical polishing and therefore have mechanical |
polished surfaces specified by a surface roughness Ra

which is not greater than 1 ¢ m, where Ra is




—-».-.-.,...,

Irthlun1|ons and sodiumions on a surface |ayer of the.@&a§§ Mfgw”‘_
were replaced by sodiumions and potassiumions in thef cfie ""-"i{m‘ﬂing
sol ution by di pping each glass substrate 1 in the the |c enh al relnfo cijng
solution. Thus, the glass substrate 1 is chemcally rginfo g%bﬁ
conpressive stress layer fornmed in the suréace | ayer of
1 had a thickness of about 100-200 [err] m Next, the chenlcally rernt oy ced
gl ass substrate 1 was dipped in a water tank of 20 [err o9l ed
and retai ned forenﬁemnuaeweSqﬁsblqeenenyer-t-hénemeeu gbagbneasSl(defénedwas
di pped in a sulfuric acid heated up to 4#a£err , and was washed by the
super soni ¢ maveinTﬁﬁpéﬁ¢$ac§nﬂb§§ﬁ£é%ssﬁ ardeXISoB €6@lperi Bheral side

area 2 of the glass substrate 1
mechanical polished surfaces will also be called mirror

finished surfaces hereinunder because they are subjected
to a mirror finished process. However, such a mirror
finished surface may be formed on at least one of the
side end wall A and the intermediate regions B and C. 1In
this event, the surféce roughness Ra falls preferably in
the range of 0.001 to 0.8 £ m, and more preferably, in
the range of 0.001 to 0.5 £ m.

Alternatively, the mirror finished surface méy be
repfesented by a surface roughness Rma;, where Rmax 1is
defined as a maximum height representative of a
difference between a highest point and a lowest point,
instead of Ra. -In this event, the surface roughness Rmax
may be not greater than 4 g m. Prefefably, the maximum
height Rmax falls within the range between 0.01 and -

2 #m, and more preferably, within the range between 0.01
and ' m.

| Thus, the glass substrate 1 according to this
invention has the mirror finished surfaces each of which
is specified by the surface roughness Ra not greater than
1 2 m or the surface roughness Rmax not greater than
4 g m. Under the circumstances, it has been confirmed
that no projections are generated on the principal
surfaces 3, resulting-from the surface roughness of the
side end wall A ana the intermediate regions B and C of

the glass substrate 1. Consequently, it has been found



at thexinternediate regi on (chanfered portion) B (I|ength:
I ntermedi ate region (chanfered portion) C (length: 0.15mm
wall A (length: 0.35mm) are shown in Table 1. In Table 1,

H

t he surface

roughness Ra of the internediate region Bis 0.2 [err] m i | g0t 008 age
roughness Rmax of the internediate region Bis 1.9 [err] m {Further, the

surface roughness Ra 19 of the internediate region Cig O45—g T Wi le
t he surface roughness Rrax of the internediate region Cigq 2.9 [err]_m _J|n

addi ti on, the s@utaddatofghridierml ssperdty is generated.

Further, rounded surfaces 4 are formed between

each of the principal surfaces 3 and each of the

intermediate regions B and €. In addition, rounded

surfaces 4 are formed between each of the intermediate

regions B and C and the side end wall A. Each rounded

surface 4 has a radius between 0.2 and 10 mm, preferably

between 0.2 and 2 mm, and more preferably between 0.2 and

1 mm. Generation of the particles can completely be

prevented by forming the rounded surfaces 4.

Specifically, if angular surfaces 5 are formed between

each of the principal surfaées 3 and each of the

intermediate regions B and C or between each of the

intermediate regions B and C and the side end wall A, the

angular surfaces 5 might generate the particles when they

are contacted with the housing. Thérefore, according to

this invention, the rounded surfaces 4 are

formed by

mechanically polishing the angular surfaces 5 to avoid

genexation of the particles. The rounded surface 4 has

preferébly the surface roughness Rmax of 0.01-2 g m and

‘the surface roughness Ra of 0.001-1 gz m, more preferably,
the surface roughness Rmax of 0.01-1 # m and the surface
roughness Ra of 0.001-0.8 x m, and still more preferably,
the surface roughness Rmax of 0.01-1 g m and the surface
roughness Ra of 0.001-0.5 x m.

A mirror finish process is performed for the
peripheral side areé 2 of the glass substrate 1 to obtain

the mirror finished surface as mentioned above.



_ i
sipde end wal |
side end wal |

substrate 1 has the surface roughness Ra of O.
surface of the glass substrate 1 is precisely
test, no particles which are the cause of 8he
principal surface 3. Table 1 Ra ([err] m

A 0. 35

i BHORRAas x of the
féegﬁﬁﬁg SQEF? t he gl ass
-1 nm In addit}joh, the
est etiQ JAN ®%esblt of the
hermal asperityfekist on the

X ([errj m Sidei End Wl
1.9

Ais 0.35 [err] m while the sur
Ais 3.4 [err] m Also, the prin

3.4 Internmedi ate Regi on B{

| nt er nedi at e Re§peaifically,0th® mirror fzngsmasgceag Lsngahrried8mnt by

mechanical polishing, such as brushing, buffing,
polishing by the use of a polishing pad, such as a soft
polisher and a hard polisher, and a solid or a liquid
polishing substance, such as loose abrasives, bonded
abrasives, slurry, and the like. At any rate, the
mechanical polishing may be performed by combining
mechanical polishing of different types and mechanical
polishing carried out by the use of different polishers
in grain size and types to obtain the mirror finished
surface having the above-mentioned surface roughness.
The mechanical polishing may be referred to as physical
polishing or dynamical polishing.

For example, the.soft polisher may include a
suede, a velour, 6r the.like, whilg the hard polisher may
include hard Qelour, foémed urethahe, pitch impregnated
suede, -or the like. Further, the abrésives may include,
for example, gefium oxide (Ce02), alumina (7 -Al 0 ), red
oxide—&Fe203),_chromium oxide (Cr203),-zirconium oxide:
(z2r0,), and titanium oxide (Ti0,).

In the illustrated example, the intermediate
regions (chamfered'portions) B and C are formed on both
slides of the side end wall A. Thereafter, the mirror
finish process is performed for the intermediate regions
B and C. As a result, no particles are generated from
the side end wall A And the intermediate regions B and C
even if the glass substrate 1 contacts with a housing at

“the peripheral side area 2 when the glass substrate 1 is



In addition, it is to be noted that the side endg=watt—A-i-s- t hi ck
when the gl ass substrate has a dianmeter of 3.5 unﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁhSHEE¥ e,
simlar result has been confirned. (7) Nhgnetlc[ fSscmamufactury ng step A
texture layer, a N underlying |layer, a &M u d<=rIT/gQ%N% a] CoPt Cr Ta
magnetic layer and a C protection |ayer wePe sugcgss gos

both principal surfaces 3 of the glass substrat by—usi-hAg-t hel kihown

in-1ine sputtering apparatus to obtain a magnet}c dISk hbxt a
was performed i#° in and out of the housing.

The mirror finish process due to the mechanical
polishing for the peripherai side area 2 may be carried
out after or before the principal surfaces 3 of the glass
substrate 1 are lapped or polished. In general, the
polishing or lapping proéess is divided into (1) a roﬁgh
grinding step, (2) a lapping stép, (3) a first polishing -
step, (4) a second polishing step. Taking the above into
consideration, the above-mentioned mirror finish process
may be performed after each of the steps (1), (2), (3),
and (4). For example, the mirror finish process may be
perfdrmed after the rough grinding step. Alternatively,
the mirror finish process may be performed after the
lapping step, the first polishing step, or the second
polishing step. Where the mirror finish process is
performed before the lapbing step, the peripheral side
area 2 is often slightly rough by sands used in the
lapping step. .

e I addition; it is preferable that.the principal
surface 3 of the glass substrate 1 has the surface
roughness Ra not.greater than 2 nm to prevent the thermal
asperity.

No limitation is imposed as to a kind, a size and
a thickness of the glass substrate 1 in this invention.
The glass substrate 1 may be formed by glass or glass
ceramics. In this case; the glass may be, for example,
aluminosilicate glass, soda-lime glass, soda alumino-

silicate glass, aluminoborosilicate glass, borosilicate
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20 connection with the obtained magnetic disk. As af‘éSﬁHt:ﬁfith%ﬁg?é , no
hit and crash occur. In this case, the hit neans that it he magnetic head
t ouches projections on the surface of the magnetic i 3k, 18nbAN H89& r 4s
means that the nmagnetic head collides with the projqctlions on_the rfface.
Further, it is confirned that no defects dQe to th? particles are gendrated
on the nmagnetic layer. Al so, the glide test was peffproed forthe~f+rst
exanpl e wherein the peripheral side area 2 of the glass substrate 1 was
mrror finishedjlassirgiltoaparalase axdnphainhetbigatecgpassphehilesthe
area end 2 was etched, and a second conparative exanpl e wherein neither
pol i shing nor AEIFHCOHRRNDRS{BAYERe, THer (exampley| ¢rystallized glass.

By way of example, the aluminosilicate glass is exem-

plified and may contain, by weight, 62-75 % of SiO 5-15

2'

% of A1.0,, 4-~10 % of Li.O, 4-12 % of Na.0, 5-15 % of

273’ 2 2
Zro2 as main components. In addition, the glass includes

2 which falls within a range

between 0.5 and 2.0 and a welight ratio of A1203/Zr02

a weight ratio of Nazo/ZrO

which falls within a range between 0.4 and 2.5 so as to

chemically reinforce the glass substrate. Further, such
chemically reinforced glass preferably contains, by mol

27 3-15 % of A1203,

0O so as to remove

%, 57-74 % of SiO 0-2.8 % of ZnoO

2'

7-16 % of L10,, and 4-14 ¢ of Na

2 2
projections on the principal surfaces 3 which resﬁlts
~ from insoluble substances of Zr02. The chemically
i reinforced‘aluminosilicate glass which has the above-
mentioned composition is excellent in transverse bending
strength and Knoop hardﬁess. In addition, such a glgss
has a—~eompressive stress layer deep enougﬁ.

In this embodiment, the chemical reinforcement
can be made by performing an ion exchange method at a low
temperature for the glass substrate 1 to improve
properties against impact and vibration. Instead, the
known chemical reinforcement can be used to chemically
reinforce the glass substrate 1. However, the ion
exchange method is preferable as compared with the latter
method from ﬁhe viewpoint of a glass transition point

because the former is carried out at a temperature less



;
shown in Table 2 as a result of the glide test.

s e

¥ ,.-cr\ t-al Y hawyd el d of
the first exanple was 95 % or nore. In contrast, i ?@fﬁ“‘@)fb irl‘ of the

first and second conparative exanpl es was 85 %
understood the first exanple is superior to the
exanpl es. Thus,

Fron1TabIe 2, iJt Jis

I ¥ st GANt1988sgcdnd
gl the peripherdl {side area

t he conventi onal nethod ofiietch

of the glass substrate can not acconplish the object—of thrs 1nverjtion.

Tabl e 2 1st

2nd 1st Exanpl e Conparati vel Conparati | e

Exanple Yleld othan 8bhé& glassr ¢raBsitdon| petnt87%A0fubedssalt used for

the chemical reinforcement includes a potassium nitrate,
a sodium nitrate, a nitrate mixed with them. The glass
substrate 1 according to this invention is also used not
only for a magnetic recording medium but also a photo-
magnetic aisk and an eleciro-optical disk, such as a
photo disk. Especially, the glass substrate is effective
to the photo-magnetic disk which 1s seriously iﬁfluenced
by particles attached thereto.

Subsequently, description will be made about a
magnetic recording medium mentioned above.

Herein, such a magnetic recording medium has at
least one magnetic layer formed on the glass substrate 1
as well known in the artu In this invention, no
particles are generated from the side end wall A and the
intermediate regions B aﬁd C because the side end wall A
and the intermediate regions B and C are subjected to the
mirror finish process, as mentioned above. This shows
that=mo  projections are left on the magnetic layer due to
generation of the particles, even when the magnetic layer
is formed on the glass substrate 1. Consequehtly, the
head crash can be sufficiently prevented when the
reproduction is performed by the magneto-resistive (MR)
head. Further, no reproduction error occurs because no
defect due to the particle remains on the magnetic layer.

Specifically, the magnetic recording medium is
formed by successively depositing an underlying layer, a

magnetic layer, a protection layer and a lubricating
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G:i de Test 21 In addition, a reproduction tesﬁﬁﬁ%éﬁw $6Fw$1}q‘r t he
magnetic disk after the glide test. As a result pfjithe test, it (hgs been
confirmed that no reproduction errors due to the themﬂmUAngvslty t ake
pl ace in connection with the sanples (500 sanpl eg){ according tolthis
i nvention. Second and Third Exanpl es Secomd and {hrrd—exanples arg siml ar
to the first exanple except that soda-linme glass|(the second

layer on the glass substrate 1 which has the desired
flatness and surface roughness as mentioned above and
which is subjected to chemical reinforcement. |

The underlying layer is selected in relation to
the magnetic layer. At least one metal selected from a
group consisting of nonmagnetic metalé, Cr, Mo, Ta, Ti,
W, V, B, Al may be used as a material of the underlying
layer. The metal Cr or the Cr alloy is preferably used
as the material of the underlying layer to enhance a
magnetic characteristic where the magnetic layer includes
Co as a main component. In addition, the underlying
layer may not always be formed by a single layer but may
be forﬁed by a multi-layer composed of a plurality of
identical or different layers. For example, deposition
may be made as the underlying layer formed by the multi-
layer such as Cr/Cr, Cr/CrMo, Cr/CxrV, CrV/CrV,
Al/Cr/CrMo, Al/Cr/Cr, Al/Cr/CrV, and Al/CrV/CrvV.

-In this invention, no limitations are imposed as
to themagnetic 1éyer also.

The magnetic layer may be, for example, a layer
which contains Co as a main component and which has a
composition selected froﬁ CoPt, CoCr, CoNi, CoNicCr,
ICOCrTa, CoPtCr, CONiPt, CoNiCrPt, CoNiCrTa, CoCrTaPt, and
CoCrPtS10. 1In addition, the magnetig layer has a multi-
layer structure (for example, CoPtCr/érMo/CoPtCr,
CoCrTaPt/CrMo/CoCrTaPt). Such a structure is obtained by
dividing a magnetic film by a nonmagnetic film (for

example, Cr, CrMo, CrV) to reduce a noise, as known in



exanpl e) and soda alum nosilicate glass (the thiifg.! repl aced by
the alumnosilicate glass of the first exanple. (A3 a result, the puter and
i nner side end surfaces of the glass substrate 1 HaveOtJAN 498& a¢elr oughness
Rmax of 1.5 [err] min case of soda-linme ‘glass (jthe second exanpl ¢).

Al t hough the soda-linme glass substrate had3a slijghtTy rough surfafe as
conpared with the alum nosilicate glass, no praatical problem-asefued in
such a gl ass substrate. Fourth Exanple An underlying layer of Al (50 A)/Cr
(1000 A )/ C MthdOary. ), Themnggretic| byper of oLothE&rmggROt d-reSisbive0 A

)/ CoPtCr (120 A) and a O (50 A) protection |ayer are successively
deposited on t Headt tMRrheafdpadrsthe sgbant magneto-resistive head (GMR

head) contains impurity elements selected from a group

consisting of ¥, Si, rare-earth elements, Hf, Ge, Sn and
Zn, oxides of these impurity elements 1nladdition to the
Co-based alloy.

Further, the magnetic layer may have a granular
structure wherein magnetic grains, such as Fe, Co, FeCo
aﬁd CoNiPt, are dispersed in the noﬂmagnetic film
comprising a ferrite-based material, an iron-rare earth-
based material, 8102, and BN. Further, the magnetic
layer may have a recording form of either an in-plane
magnetization type or a perpendicular magnetization type.

No restrictions are imposed as to the protection
layer also according to this invention. Specifically,
the protection layer may be formed by a chromium f£ilm, a

. chromium alloy film, a carbon film, a zirconia film and a
silica film and mﬁy be successively deposited on the
glass—substrate 1 together with the underlying layer and
the magnetic layer by the use of the known in-line
sputtering apparatus. The protection layer may be formed
by a single layer or a multi-layer including a plurality
of layers of an identical material or different
materials.

In addition, the other protection layer, such as
a Sio2 f;lm, may be used instead of the above protection
layer. Such a SiO2 film may be formed on the chromium

£film by dispersing colloidal silica fine grains in



3~-of the gl ass substrate 1 obtained in the fi st

in-l1ine sputtering appar at us.
organosi |l i con conpound solution (mxed liquid
tetraethoxy silane) wherein silica fine grain
are .22 di spersed.

fornmed by baki ng.

Furt her,

Next ,

The above subst {REEL %ﬁéﬁﬁmﬁﬂpﬁﬂﬁﬁ

A

K
t he protectiondl ayen
the protection | ayer

Th water, |PA}a

“rouy 2”?

known

AN

hd

bf 100 A )

e tured was

1o a dipping

process within a Iubrlcat|ng agent of perfl uorjopol yether to_ obtaln t he
nagnetlc di sk foetraelkBxpeddliane diluted with an alcohol-based solvent

and thereafter by coating and baking the dispersed

grains.

to the above.

Moreover, the lﬁbricating layer is not restricted

For example, the lubricating layer is

formed by diluting perfluoropolyether-(PFPE) with a

solvent,

such as freon-based solvent,

and applying it on

the medium surface by a dipping method, a spin coating

method, or a spraying method, and firing the medium.

N
First Example

(1) Roughing step by grinding and polishing

"Pirst,

a sheet glass of aluminosilicate 1s formed

by -a down draw method and is cut by a grinding wheel into

a disc-shaped glass substrate which has a diameter of

96 mm and a thickness of 3 mm.

The glass substrate is

lapped or polished to a:diameter of 96 mm and a thickness
of 1.5 mm by a relatively rough diamond Qrindstone. In
this case, the disg-shapeé glass substrate may be formed
by directly pressing a melting glass with a cope, a drag
and a drum instead of the down draw method.

In this event, the above-mentioned glass which is
chemically reinforced contains, by mol%, 57-74 % of Sioz,
27 3-15 % of A1203,
4-14 % of Nao2 as main components. - Further, the

0-2.8 % of ZnO 7-16 % of L102, and

.chemically reinforced glass contains, by weight, 63 % of

sio 14 % of Al.O 6 % of Lizo, and 10 % of Na.O as

2’ 273’ 2
main components. The above-mentioned composition can be

expressed in terms of a mol representation and comprises,



The glide test was carried out for the obtained nﬁgngffﬁjd+skw~As_a
of the test, neither hit nor crash occur. Further'-.\ﬂﬂ.ﬁLAMN?rswi
that no defect was formed on the magnetic |ayer. {nfadditrom—mo
reproduction errors due to the thermal asperity t ag ¢
of reproduction test. Fifth Exanple A fiftls exa [ g%;‘%ﬁl@gst tth
fourth exanpl e except that AI/C/C was used as tfh ' ly er
CoNi CrTa is used as the magnetic layer. It has bgen confirned that |[a

magneti ¢ di sk | bemed the 670% Of &iQgpl @.0a8 olft an Y
al so.. Referring to Fig. 2, the glide test has been perfornmed in conn
with first throdghOt ket 10, and 10.0 % of NaoO,.

result
r med

result
e
and

xanpl e
ection

Subsequently, the both principal surfaces 3 of

the glass substrate 1 are ground or lapped by a diamond

~grindstone having grains smaller than those of the above

grindstone. In this case, a'load was set to the extent

of 100Kg. Thereby, the principal surface 3 of the glass

substrate 1 was ground into a surface roughness Rmax

B 0601)of about 10 4 m.

(JIs

Next, an opening was formed at a center portion

of the glass substrate 1 by using the cylindrical

grindstone. Further, the outer side end surface is

ground to a diameter of 95 mm. Thereafter, the outer and

inner side end surfaces were chamfered. In this case,

the side end wall A of the glass substrate 1 had a
surface roughness Rmax of about 14 u m.
(2) Mirror finishing'step of the side end

surface

=—-: The internal and outer side walls of the glass -

substrate 1 were polished by the use of a brush and loose

abrasives by rotating the glass substrate 1 so that the

both side end walls had the surface roughness Rmax of

about 1 # m and the surface roughness Ra of about 0.3

£ m. Next, the glass substrate 1 was washed with water

after the mirror finish process of the side end walls.

(3) Lapping step
The lapping step was performed for the glass

substrate 1 to improve dimension and shape accuracy.

The



sanples 1 to 12 with flying heights kept within a range between 1.1 and 1.3
(m croinches). Herein, one hundred gl ass substrates have been prepared as
each of the first through the twelfth sanples 1 to 12. It is to be noted
that the first, the second, the fifth, the eighth, the ninth, the tenth,
the eleventh, and the twelfth sanples 1, 265, 8, 9, 10, 11, and 12 had the
surface roughnesses Ra and Rrax defined by this invention while the third,
the fourth, the sixth, and the seventh sanples 3, 4, 6, 23 and 7 had the
surface roughnedappiRy atepRiex daidiied) out by using a lapping apparatus.

In this case, the lapping step is conducted two times by
changing grain degrees from #400 to #1000. Specifically,
the lapping was performed for the both principal surfaces
3 of the glass substrate 1 so that the principal surfaces
3 had a surface accuracy of 0-1 gz m and the surface
roughness Rmax of about 6 ¢ m. In this event, the
lapping was carried out by rotating an inner gear and an
outer gear by the use of alumina grains having a graiq
degree of #400 on the condition that the load I was kept
at about 100 RKg. Next, the lapping is performed by
changing the grain degree of the alumina grain into
#1000. As a result, the surface roughness Rmax becomes
about 2 g m. Subsequently, the_giass substrate 1 was
immersed in washing units by using natural detergent and
water to be washed.

(4) First polishihg step

Next, first polishing was performed by a
polishing apparatus to remove a defect and a distortion
remaining in the above lapping process. Specifically, a
hard polisher (which may be a cerium impregnated foamed .
urethane pad, such és MHC15 made by Speedfam) ﬁas used as
a polisher and the first polishing was perfofmed the
following polishing condition.

Polishing ligquid: oxide cerium + water

2 (L = 238kg)

Load: 300g/cm

Polishing time: 15 minutes REPLACEMEBH‘SHEET

Removing amount: 30 g m 10JAN 1998
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i phtiQ JANSORBNtih | t he
B, 10, 11. . .a 2 had

outside this invention, when each of the surface rou
represented by an average value of the one hundred g
specifically, the first, the second, the fifth, the
tenth, the eleventh, and the twelfth samples 1, 2, 5
the surface roughnesses Ra and Rrmax whi ch gre equal .03 and 0.44; .18
and 1.80; 0.06 and 3.25; 0.53 and 2.50; 0.71 and 3. 5% «=8==0. 06
and 0.85; and 0.05 and 0.50 [err] m respectively. On the other hand, the
third, the fourth, the Resdlutduh dfe loweenishrface plated uige xrpwr face
roughnesses Ra and Rmax which are equal to 1.88 and 10.05; 1.53 and 7.45;
1.72 and 8.23; and 2. 01Rewdlut.ich [ofr npper sesfecke pdlate:a2d mpm fini shed
surf aces.

Revolution of inner gear: 14 rpm
. Revolution of outer gear: 29 rpm
The glass substrate 1 was washed by being
successively dipped in waéhing units of natural
detergent, pure watgr, IPA (isopropyl alcohol), IPA
(vapor drying) after the first polishing.
(5) Second polishing step
Next, second polishing was conducted by changing
the above hard polisher into a soft polisher (which may
be a polishing pad of a suede type, such as Polyléx made
by Speedfam) by using the polishing apparatus used in the
first polishing process. The polishing condition is
similar to the first polishing step except for the load
of 100 g/cm?, the polishing timeé of 5 minutes and the
removing amount of 5 £ m. The glass substrate 1 was
immersed in washing units of the natural detergent, the
pure~water, the IPA (isopropyl alcohol), the IPA (vapor
drying) to be washed therein after the second polishing
‘step. In this case, a supersonic wave was applied to
each of the washing units.
(6) Chemical reinforcing step
Next, a chemical reinforcing step was performed
for the glass substrate 1 after the polishing step was
completed. First, a chemical reinforcing solution was
prepared by mixing potassium nitrate (60%) with sodium

nitrate (40%). The chemical reinforcing solution was



Under the circunstances, glide yield | osses were measufs
test nentioned above by counting defects on each of thg First through|tHhe
twel fth sanples-1 to 12 and were represented by (%, as shavmjhAN ﬁmgtc
in Fig. 2. The first, the second, the fifth, the eighth,{the ninth, tHe
tenth,. the eleventh, and the twelfth sanpi@s 1, 2, 5, 8, I0, I —amti2
according to this invention exhibited the glide yield jlosses of 1.625,

T AT e e e

il AT B e

grians

5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 % respectively, while the
third, the fouheatedapitd HOEI .t hairewdniss sahdtaaty: U whi chnhs’
exhibited the glide yield | osses of 14.625, 13.875, 14.375, and 15.125 %

respectively.

Mmasihed maic prdheaadites 300cC diwag (dipded in the chemical
reinforcing solution for 3 hours. The chemical
reilnforcing step was carried out so that the entire
surface of the glass substrate 1 was chemically
reinforced with a plurality of glass substrates retained
at the end surface in a holder. Under the circumstances,
lithium ions and sodium ions on a surface layer of the
glass substraie 1 were replaced by sodium ions and
potassium ions in the chemical reinforcing solution.by
dipping each glass substrate 1 in the the chemibal
reinforcing solution. Thus, the glass substrate 1 is
chemically reinforced. A compressive stress layer formed
in the surface layer of the glass substrate 1 had a
thickness of about 100-200 g m. Next, the chemically
reinforced glass substrate 1 was dipped in a water tank
of 20 C, quickly cooled and retained for 10 minutes.
Subsequently, the cooled glass substrate 1 was dipped in
a suIfuric acid heated up to 40 C, and was washed by -
the supersonic wave. The surface roughness (Ra, Rmax)

of the pefipheral side area 2 of the.glass substrate 1
at the intermediate region (chamfered portion) B (length:
0.15mm), the intermediate region (chamfered portion)

C (length: 0.15mm) and the side end wall A (length:
0.35mm) are shown in Table 1. In Table 1, the surface
roughness Ra of the intermediate region B is 0.2 u m,
while the surfacezroughness Rmax of ;he iﬂtermediate

region B is 1.9 ¢ m. Further, the surface roughness Ra
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than 10 % In order to neasure defects on a nagneti
various tests have been usually carried out by the
magnet o-resi stive (MR) head kept at a flying height]jof 300 JdANa988a ir
speed of 7 msec and may be collectively a#lled a cerfification tegt.

Actual ly, the certification test includes a positive nodulation test,

i nvention exhibited the gl

negative nodul ation test, a mssing test, an extra kest,. _and a_spikeijtest,
all of which arefktben interhreddate JegioneSt dsalsd5ser we whidealthat e t he

surface roughneés Rmax of the intermediate region C is
2.9 gm. In aadition, the éurface roughness Ra of the
side end wall A is 0.35 £z m, while the surface roughness
Rmax of the side end wall A is 3.4 g m. Also, the
principal surface 3.of the .glass substrate 1 has the =
surface roughness Ra of 0.5-1 nm. In addition, the
surface of the glass substrate 1 is precisely tested.

As a result of the test, no particles which are the
cause of the thermal asperity exist on the principal

surface 3.

Table 1
Ra (¢ m) Rmax (& m)
Side End Wall A - 0.35 3.4
- Intermediate Region B 0.2 1.9
Intermediate Region.C 0.15 2.9

Measuring LengthQ‘o,Bmm

In addition, it is to be noted that the side end
wall=n41is 0.45mm thick when the glass substrate has a
diameter of 3.5 inches. 1In this case, similar result has
been confirmed. |

(7) Magnetic disc manufacturing step

A texture layer, a CrN underlying layer, a CrMo
underlying layer; a CoPtCrTa magnetic layer and - a C
protection layer were successively deposited on the both
principal surfaces 3 of the glass substrate 1 by using
the known in-line sputtéring apparatus to obtain a

magnetic disk. 'Next, a glide test was performed in



thermal asperity of each magnetic recordi ng nmedium Herein, each of the

m ssing test, the spike test, and the extra test is helpful to classify the
defects into - a correctable defect, an uncorrectable defect, and a | ong
‘defect. Prior to each test, provision has been made about twenty-five of
the magnetic recordi ng nedia whi ch have b@®n polished in the

above- nenti oned manner, together with twenty-five unpolished nagnetic
recordi ng nmedia. Results of the above-nentioned tests have been averaged
and summed up abtonnechéopowilihetfihendbthdénedpnagsbtdicnddskti cAseaordsndt
medi a. Under the circunstances, it has been found out that an average sum
val ue of defect8fokheatRstur nachidf anflecpashsheduragnéni thisconpgengthedi a

hit means that the magnetic head touches projections on
the surface of the magnetic disk, and the crash means
that the magnetic head collides with thg projections on
the surface. Further, it is confirmed that no defects
due to thé particles are generated on the magnetic layer.

Also, the glide test was performed fof the first
example wherein the peripheral side area 2 of the glass
substrate 1 was mirror finished, a first comparative
example wherein the peripheral side area end 2 was
etched, and a second gomparative example wherein neither
polishing nor etching was performed. The test result is
shown in Table 2 as a result o{_the glide test.
Concretely, the yileld of the first example was 95 % or
more. In contrast, the yleld Sf each of the first and
second comparative examples was 85 %. From Table 2, it
1s'under§tood the firs; example is superior to the first
and +he-second exampleé. Thus, the conventional method
of etching the peripheral side area of the glass

substrate can not accomplish the object of this

invention.
Table 2
1st 2nd
1st Example | Comparative | Comparative
Example Example
Yield of 90% or more | B7% or less | 87% or less
REPLACEMENT SHEET|e11de Test |

10JAN 1998




has been equal in nunber to 9.56 while the average sumval ue of defects on

each surface of the unpolished magnetic recordi ng ned @F qgnﬁﬁg Hl aﬁﬁﬁin
i L It

nunber to 25 16.4. In conparison with both the avefag

has been readily understood that a reduction rate of [he defects in tjhg
pol i shed nagnetic recording nedia has beerziequal to 4{l.{70 190 JANi 1998 hdws

that the polished magnetic recording nmedia according fof this inventigniare

remar kably inproved in thermal asperity, as conpared w th the unporTshegd

magnetic recordi ng medi &n addition, a reproduction tési_mas_perigzngﬁLm

for the magnetic disk after the glide test. As a result
of the test, 1t_has been confirmed that no reproduction
errors due to the thermal asperity take place in
connection with the samples (500 samples) according to
this invention.

Second and Third Examples

Second and third examples are similar to the
first example except that soda-lime glass (the second
example) and soda aluminosilicate glass (the third
example) are replaced by the aluminosilicate glass of the
first example. As a result, the outer and inner side end
surfaces of the glass substrate 1 have the surface
roughness Rmax of 1.5 g m in case of soda-lime glass (the
second example). Although the soda-lime glass substrate
had a slightly rough surface as compared with the
aluminosilicate glass, no practical problem accrued in
such a glass substrate.

= Fourth Example

'An underlying layer of Al (50 A )/Cr (1000 A )/
CrMo (100 & ), a magnetic layer of CoPtCr (120 A )/CrMo
(50 & )/CoPtCr (120-A ) and a Cr (50 A ) protection layer
are successively déposited on the both principal surfaces
3 of the glass substrate 1 obtained in the first example
by the known in-line sputtering apparatus. The above
substrate is dipped in an organosilicon compound solution
(mixed liquid with water, IPA and tetraethoxy silane)

wherein silica fine grains (grain diameter of 100 A ) are
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Wiile this invention has thus far been described ifRQQhA@“;T"
petn el

several exanples thereof, it will readily be possil

the art to put this invention into practice in varijoys h
nﬁb#ﬁNf

exanpl e, the nmechani cal polished surface, nanely, the
surface may be forned on at | east one of RRe inner jan

surfaces of the magnetic recordi ng nedi um WHAT {IS CLAIMED | S: 1. |A

ed in
For

-

rii pher al

gl ass substrate for use in a nmagnetic recordi ng nedrum—sart-ygrass

substrate havi ndispeusedof Next, the protection layer of 510, textured

was formed by baking. Further, the protection layer was

subjected to a dipping process within a lubricating agent
of perfluoropolyether to obtain the magnetic disklfor the
MR head.

. The glide test was carried out for the obtained
magnetic disk. As a result of the test, neither hit nor
crash occur. Further, it has been confirmed that no
defect was formed on the magnetic layer. In addition, no
reproduction errors due to the thermal asperity were
generated as a result of reproduction test.

Fifth Example

A fifth example is similar to the fourth éxample
except that Al/Cr/Cr was used as the underlying layer and
CoNiCrTa is used as the magnetic layer. It has been
confirmed that a magnetic disk like in the fourth example
was obtalned in the fifth example also.

Referring to Fig. 2, the glide test has been
performed in donnection with first through twelfth
samples 1 to 12 with flying heights kept within a range
beiween 1.1 and 1.3 (microinches). Herein, one hundred
glass substraies have been prepared as each of the first
through the twelfth samples 1 to 12. It is to be noted
that the first, the second, the fifth, the eighth, the |
ninth, the tenth, the eleventh, and the twelfth samples
1, 2, 5, 8, 9, 10, 11, and 12 had the surface roughnesses
Ra and Rmax defined by this invention while the third,

the fourth, the sixth, and the seventh samples 3, 4, 6,
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pri nci pal surfaces opposite to each other and a perip
contiguous to said principal surfaces, said periphera

side end wall

al st de area

TigﬂMTJNﬂEVT'SHEET
' d: QYT R [

a
and intermedi ate regi ons between said si hi d
principal surfaces, at |east one of said internediate]r icns ae--sai-t 5i de
end wall being formed by a selected one a23a nechanical polished surfacg
and a mrror finished surface whi.ch has a surface roughness Ra mnotr at er

than 1 [err]
roughness. 2.

m where Ra is representative of the center-Iline nean

Angl Jshad e gurface |Impughnesses KRamahd Bmexeifimlliimg sur f ace

roughness Ra falls within a range

outside this invention, when each of the surface
roughnesses Ra and Rmax is represented by an average
value of the one hundred glass substrates. More
specifically, the first, the second, the fifth, the
eighth, the ninth, the tenth, the eleﬁenth, and the
twelfth samples 1, 2, 5, 8, 10, 11, and 12 had the
surface roughnesses Ra and Rmax which are equal to 0.03
and 0.44; 0.18 and 1.80; 0.06 and 3.25; 0.53 and 2.50;
0.71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and

0.50 # m, respectively. On the other hand, the third,

the fourth, the sixth, and the seventh samples had the

surface roughnesses Ra and Rmax which are equal to 1.88
and 10.05; 1.53.and 7.45; 1.72 ?nd 8.23; and 2.01 and
11.75 # m, respectively, and mat finished surfaces.

Under the circumstances: glide yield losses were
measured during the glide test mentioned above by
counting defects on each of the first through the twelfth
samples--1 to 12 and were représented by (%), as shown by
histograms in Fig. 2. The first, the.second, the £ifth,
the eighth, the ninth, the tenth, the eleventh, and the
twelfth samples 1, 2, 5, 8, 10, 11, and 12 according to
this invention exhibited the glide yield losses of 1.625,
5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 %,
respectively, while £he third, the fourth, the sixth, and
the seventh samples 3, 4, 6, and 7 exhibited the glide
Qield losses of 14.625, 13.875, 14.375, and 15.125 %,

respectively. At any rate, the samples according to this



> v it S S LI LS
bet ween 0.001 and 0.8 [err] m 3. A glass'substﬁﬁﬁﬁ$&$MEmiiﬁEdiﬂr claim 1,
wherein: the surface roughness Ra falls within ja frange between{0.j001 and
0.5 [err] m 4. A glass substrate as clained in _IMﬂyqﬁngﬁgein. t he
surface roughness Ra falls within a range betwgen 0.001 an .1 flerr] m
27 5. A glass substrate as clained in clai2al

(@)

invention exhibited the glide yleld losses smaller than
10 %. |

In order to meaéure defects on a magnetic
recording medium, varioué tests have been usually carried
ocut by the use of a magneto-resistive (MR) head kept at a
flying height of 50 nm and a rotation'speed of 7 m/sec
and may be collectively called a certification test.
Actually, the certification test includes a positive
modulation test, a negative modulation test, a missing
test, an extra tesﬁ, and a spike test, all of which are
known in the art. Such tests also serve to evaluate the
thermal asperity of each magnetic recording medium.
Herein, each of the missing test, the spike test, and the
extra test is helpful to classify the defects into a
‘correctable defeét, an uncorrectable defect, and a long
defect.

Prior to ea;h gest, provision has been made about
twenty-five of the magnetic recording media which have
been-polished in the above—mentioned manner, together
with twenty-five unpoliéhed magnetic redordiﬁg media.
Results of the above~mentioned tests have been averaged
and summed up about £he polished and the unpolished
magnetic recording media. Under the circumstances, it
has been found out that an average sum value of defects
on each surface of the polished magnetic recording media
has been equal in number to 9.56 while the average sum
value of defects on each surface of the unpolished

magnetic recording media has been equal in number to



wherein: at |east one of said principal surfaces has the surface roughness
Ra which is not greater than 2 nm 6. A glass substrate as clained in claim
1, wherein: said internediate regions are chanfered so that rounded
surfaces are fornmed between each of said principal surfaces and each of
said internedi ate regions, said rounded s25faces having a radi us between
0.2 and 10 nm 7. A glass substrate as clained in claim1l1, wherein: each of
the side end wall and the rounded surfaces has the surface roughness Ra is
not greater tha®.4. In comparison with both the average sum values, it

has been readily understood that a reduction rate of the
defects in the polished magnetic recording media has been
equal to 41.70 %. This shows that the polished magnetic
recording media according to this invention are
remarkably improved in thermal asperity, as compared with
the unpolished magngtic recording media.

While this invention has thus far been described
in conjunction with several exampleslthereof, it will
readlly be possible for those skilled in the art to put
this invention into practice in various other manners.
For example, the mechanical polished surface, namely, the
mirror finished surface may be formed on at least one of
the inner and the outer peripheral surfaces of the

magnetic recording medium.
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1: rérF] m 8. A glass substrate for use in a magnetic recordi ng nmedi um

sai d gl ass substrate having a pair of principal SULLaCES—QpPQSFPe—PG—eaCh
ot her and a peripheral side area contiguous to sald pri nci pal surf

sai d peripheral side area having a side end wal guﬂﬂl “ﬂ“‘ |0ns
bet ween said side end wall and said princizgal surfa east
one of said intermediate regions and said side end wall “i s forned by a

mrror finished surface which has a surface roughness Rmax not greater than
4 [err] mwhere Rmax is representative of a difference between a nmaxi num
hei ght and a m ni nrum hei ght.
WHAT IS CLAIMED 1IS:
1. A glass substrate for use 1in a magnetic
recording medium, said glass substrate having a pair of
principal surfaces opposite to each other and a
peripheral side area contiguous to said principal
surfaces, sald peripheral side area having a side end
wall and intermediate regions between said side end wall
and said principal.surfaces,
at least one of sald intermediate regions and
sald side end wall being formed by a selected one of a
mechanical polished surface and a mirror finished surface
which has a surface roughness Ra not greater than 1 gm
whére Ra 1s representative of Fhe center-line mean
roughness.
2. A glass substrate as claimed in claim 1,
wherein:
the surface roughness Ra falls within a range
between 0.001 and 0.8 2 m.
3. A glass substrate as claimed in claim‘l;
wherein:
the surface roughness Ra falls within a range
between 0.001 and 0.5 4 m.
4. A glass substrate as claimed in claim 1,
wherein:

the surface roughness Ra falls within a range

between 0.0dl and 0.1 g mnm. Rd?{ﬂr%ﬁﬂmﬂ‘SHEET
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9.« A'glass substrate as claimed in claim8, wherein: the surface roughness
Rrax falls within a range between 0.01 and 2 [err] m 10. A glass substrate
as clained in claim9, wherein: the surface roughp | :u hin a
range between 0.01 and 1 [err] m 11. A gl ass subsammumnﬂtu l n claim
8, wherein: said internediate regions are ghanferéed so & hat Mouhdel
surfaces are forned between ‘each of said

5. A glass substrate as claimed in claim 1,
wherein:

at least one of said principal surfaces has the
surface roughness Ra which is not greater than 2 nm.

6. A glass subétrate as claimed in claim 1,
wherein: '

sald intermediate regions are chamfered so that
rounded surfaces are formed between each of said
principal surfaces and each of said intermediate regions,
said rounded surfaces having a radius between 0.2 and
10 mm. |

7. A glass substrate as claimed in cléim 1,
wherein:

each of the side end wall and ihe rounded
surfaces has the surface roughness Ra is not greater than
1 #m.

8. A glass substrate for use in a magnetic
recording medium, said glass substrate having a pair of
prinéipal surfaces opposite to each other and a
peripheral side area contiguous to said principal
surfaces, said peripheral side area having a side end
wall and intermediate regions between said side end wall
and said principal surfaces, wherein:

at least one of said intermediate regions and
said side end wall 1is formed by.a mirror finished surface
which has a surface roughness” Rmax not greater than 4 um

where Rmax is representative of a diff

EPLACEMENT SHEEY
10 JAN 1998

maximum height and a minimum height.




pninéibal surfaces and each of sald I nt er nedi at e rengQ§+,sa+df%ﬁUnded
surfaces having a radius between 0.2 and 10 nm 12. A gl ass subs

claimed in claim8, wherein: each of the side end wa “wm‘ “}ﬂﬁ
surfaces has the surface roughness Rmax s not greati ‘ 13.
A gl ass substrate as clainmed in claims$8, g@erein: at I*east bne of said

I nternmedi ate regions and said side end wall al so has a surface roughness Ra
not greater than 1 [err] mwhere Ra is representative of the center-Iline
mean roughness. 9. A glass substrate as claimed in claim 8,

wherein:

the surface roughness Rmax falls within a range
between 0.01 and 2 g mn.

10. A glass substrate as claimediin claim 9,
wherein: |

the surface ;oughness Rmax falls within a range
between 0.01 and 1 £ m.

11. A glass substrate as claimed in claim 8,
wherein: | |

sald intermediate regions are chamfered so that
rounded surfaces are formed between each of said
principal surfaces and each of said intermediate regions,
sald rounded surfaces having a radius between 0.2 and
10 mm.

12. A glass substrate as claimed in claim 8,

wherein: _

each of the side end wall and the rounded
surfaces has the surface roughness Rmax is not greater -
than 1 # m.

13. A glass substrate as claimed in claim 8,
wherein?

at least one of said intermediate regions and
said side end wall also has a surface roughness Ra not
greater than 1 g m where Ra is representative of the

center-line mean roughness.

14. A glass substrate as claimed in claim 13,

wherein: REPLACEMENT SHEET

1QJAN 1992




14.< A gl ass substrate as blained in claim13, wherein: t he surface
roughness Ra falls within a.range.betmgen 0.001 E?%’Q;ﬁ,LELF}“ﬂT~I57 A

gl ass substrate as clained in claim 13, wherein: The surface.r ess Ra
falls within a range between 0.001 and 0.5 [err]'m strate
as claimed in claim 13, wherein: the surfgge rough“m\mwﬁRQWhi n a
range i e ¢ b

the surface roughness Ra falls within a range
between 0.001 and 0.8 4 m.

15. A glass substrate as claimed in claim 13,
wherein:

the surface roughness Ra falls within a range
between 0.001 and 0.5 g m. | |

16. A glass substrate as claimed in claim 13,
wherein:

the surface roughness Ra falls within a range
between 0.001 and 0.1 g m.

17. A glass substrate as claimed in claim 8,
wherein the surface roughness Rmax falls within a range
between 0.01 and 1 ¢ m while the surface roughness Ra
falls within a range between 0.001 and 0.1 ¢« m.

18. A glass substrate as claimed in claim 8,
wherein: '

each of the principal surfaces has the surface
roughness Ra nbt greater than 2 nm.

- o= 19, A magnetic recdrding medium having the glass
substrate claimed in claim 1, comprising at least
magnetic layer formed on the Qlass substrate.

20. A magnetic recording medium as claimed in
claim 19, said magnetic recording medium being Operable
in cooperation with either one of a magneto-resistive
'(MR) head and a giant magneto-resistive (GMR) head.

- 21. A magnetic recording medium as claimed in

REPLACEMpNﬂéSﬁEgrig, wherein said magnetic layer includes Co and Pt.

10JAN 1998




between 0.001 and 0.1 [err] m 17. A glass substrate agag =10
wherein the surface roughness Rmax falls wthin a range oo,
g mwhile the surface roughness Ra falls within a rang¢ lbetween 0.00T
0.1 [err] m 18. A glass substrate as clainmed in claim8j wWgyan Rmﬁacn
t he principal surfaces has the surface roudlness Ra no reater t

19. A magnetic recording medi um having the gl ass substfate Trarmed—+n-cl
1, conprising at |east magnetic |ayer fornmed on the gll- substrate. 20.
magneti c recordi ng nedi ud2as Bl methodiof chanwfdotusing aapagneticecor

medi um bei ng operabl e
recording medium including a glass substrate having a

;gsza
]

pair of principal surfaces and a side end surface,
comprising the steps of:

forming a side end wall and intermediate regions
oﬂ sald side end surface, saild intermediate region beéing
pesitioned between-said side end wall and said principal
surfaces,

polishing the glass substrate to provide a mirror
finished surface oﬁ at least one of said intermediate
regions and said side end wall and to thereby avoid a
thermal asperity.

23. A method as claimed in claim 22, wherein:

the mirror finished surface is formed by
mechanical polishing.

24. A method as ciaimed in claim 23, further
comprising the step of:

chamfering the intermediate regions to provide
rounded portions between said principal surface and said
intermediate region.

25. A method as claimed in claim 24, wherein
sald rounded portions have a radius of 0.2-10 mm.

26. A glass substrate for use in a magnetic
recording medium, said glass substrate having a pair of

. principal surfaces opposite to each other end a

peripheral side area contiguous to said principal
surfaces, said peripheral side area having a side end

- wall and intermediate regions between said side end wall

A A0 'i

A 8
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in 'céoperatl on with either one of a magneto-resistive (MR) head and a gi ant
magnet o-resi stive (GWR) head. 21. A nagnetic recording—+ediumas——ctarned in

19, wherein said magnetic | ayer includes Co and Pt. hod of
manuf acturi ng a magneti c recordi ng nedi um i ncl udi n mu mﬁuuﬁ

having a pair of principal surfaces and a33 de end ng t he
steps of: formng a side end wall and internedi ate regions on said side end

surface, said internediate regi on being
and said principal surfaces,

at least one of salid intermediate regions and

sald side end wall having a mirror finished surface.

REPLACEMENT SHEET
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posi*t'i oned between said side end wal | and said principal surfaces, _
polishing the glass substrate to provide a mrror finished surface on at
| east one of said intermediate regions and said side end wall and to
thereby avoid a thermal asperity. 23. A nethod-as clainmed in claim 22,
wherein: the mirror finished surface is fornmed by nechanical polishing. 24.
A method as claimed in claim23, further cepnprising the step of: chanfering
the intermedi ate regions to provide rounded portions between said principal
surface and s&UABHISABEIRATE, MAGNETIC RECORDING MEDIUM AND METHOD OF
MANUFACTURING THE MAGNETIC RECORDING MEDIUM
ABSTRACT
For use in a magnetic recording medium, a glass substrate (1) has a pair of
principal surfaces (3) opposite to each other and a peripheral side area (2) contiguous to
the principal surfaces (3). The peripheral side area (2) has a side end wall A) and
intermediate regions (B, C) between the side end wall (A) and the principal surfaces (3).
At lease one of the intérmediate regions (B, C) and the side end wall (A) is formed by a
mirror finished surface which has a surface roughness Ra not greater than 1 & m or a
surface roughness Rmax not greater than 4 ##/m. With this structure, no particles are
generated from the peripheral side area (2) because the side end surface of the glass
substrate (1) is mirror finished. Consequently, reproduction is performed without
reproduction errors because 6f no generation of a thermal asperity and a head crash can

be sufficiently avoided because of no projections ‘which might result from the particles.

'Fig. 1

TEPLACEMENT §!




"

25. A nmethod as clained in claim24, wherein said rounded portions have a
radius of 0.2-10 mm 26. A glass substrate for use in a magnetic recording
medi um said glass substrate having a pair of principal surfaces opposite
to each other and a peripheral side area contiguous to said principal
surfaces, said peripheral side area having a side end wall and internediate
regi ons between said side end wall and said principal surfaces, at |east
one of -said internediate regi ons and sald side end wall having a mrror
finished surface. '

1/2
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